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Abstract: The adoption of the active learning paradigm presents a series of challenges and uncer-
tainties. However, its adoption may result in better academic results and a more engaging attitude
towards learning. In this sense, this paper presents a case scenario in which such a change of
paradigm has been deployed, where escape rooms have been introduced as an assessment tool in
an active learning context. The way to move through those escape rooms is by taking a series of
questionnaires based on the knowledge acquired, such that failing a test keeps the group in the same
position and passing it makes them move according to the grades obtained. Surveys and comments
offered by students show they were more motivated and engaged after this task, and an improvement
in academic performance has been detected.
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1. Introduction

The use of gamification to drive active learning in on-site classes has been widely
spread in recent years as a way to enhance learners’ engagement [1]. The introduction of
game design elements within nongame contexts makes possible to enhance motivation in
education, which leads to better performance according to what is appreciated by learning
analytics [2]. Furthermore, gamification may be seen as a driving force to achieve the
Sustainability Development Goal 4, sponsored by United Nations, related to ensuring
inclusive and equitable quality education [3].

Focusing on the setup of gamification techniques into active learning deployments
may boost students’ interest, improving the digital skills development expected at the
workplace within the digital society. This leads to better academic achievements and an
overall more satisfying learning process for learners [4]. In other words, gamification
definitely facilitates active learning, which helps shrink the gap associated with education
disparities and lack of motivation, specially in STEM-related subjects [5].

It may be said that the COVID-19 pandemic was the main catalyst for transformation
in education in recent years, which led teachers to be more oriented towards the use of
innovative teaching methods and tools [6]. On the other hand, students had to quickly
become familiar with innovative e-learning tools and online classes, which opened up the
door to apply diverse learning strategies once the pandemic emergency was over, such as
e-learning, in both a traditional and hybrid form, where the first one implies purely online
classes, the second one involves purely on-site classes and the third one allows blended
learning, also known as extended learning, where part of the students are on-site and the
rest are online, in such a way that all students may interact with each other and with the
teacher [7].

Regarding the relationship between traditions and innovations in the pedagogical
process, it appears that innovations enhance the educational process, although significant
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positive results are only achieved if pedagogical traditions are preserved, which means that
pedagogical innovation must include traditionally oriented elements [8]. Apart from that,
a good learning environment is widely related to different attributes according to diverse
conceptual spaces in the educational process, such as variation and flexibility regarding the
physical space, as well as active and self-directed learning with respect to the pedagogical
space, and also safety with regards to the social space [9].

On the other hand, it is to be noted that there is a gap between research and practice
when it comes to innovative education, as the impact of educational research knowledge
is not being implemented in classrooms on a regular basis, as researchers’ works are
often considered to be too theoretical, irrelevant and inaccessible and time consuming
by practitioners [10]. In order to cope, researchers and practitioners should be connected
together by policy makers, also referred to as knowledge brokers, whose role should be
key in bridging educational research to educational practice [11].

Regardless, active learning may be seen as a generalized instructional process being
characterized along two dimensions, such as for constructing knowledge and for deepening
engagement, where the former may be viewed as antithetical to passive learning and the
latter as antithetical to lecture [12]. This way, acquiring specific competences and skills is
more engaging for scholars [13], whereas tutors act more as dynamizers and facilitators
of the whole learning process by assisting and guiding in the process of scholars gaining
knowledge and self-development [14].

There are different approaches to applying active learning in the classroom; thus,
diverse strategies in designing in-class activities may be taken so as to engage scholars with
both the material and each other, such as self-directed learning (SDL), student-centered
learning (SCL) and flipped classrooms (FC) [15]. All three types move out of traditional-
based passive learning, where the teacher takes responsibility for the learning process, thus
passing such a responsibility of learning on to students, and hence moving information
transmission out of the classroom [16], leading teachers to also take the role of brokers of
both curricular knowledge and transversal competences [17].

Focusing on the flipped classroom paradigm, a common approach is the use of videos
to convey information to scholars, which should be watched beforehand, making students
contributors to the learning process. This allows them to make better use of time with
their peers, as well as with the teacher [18]. Some of the benefits of this approach are the
increased motivation and involvement of scholars both outside and inside the classroom,
the improvement of comprehension and retention of the subjects taught, the enhanced
development of competences and skills and the increase in satisfaction of both teachers and
students [19].

Active learning activities are often linked to gamification, which may be seen as the
application of game elements, not a fully fledged game, into a nongame environment, such
as in a classroom [20]. On the other hand, such activities are frequently tied to game-based
learning, which may be viewed as fully fledged games developed to provide new concepts
and skills through the use of digital or nondigital games [21].

Within game-based learning, escape rooms are one of the most popular instances.
Commercial escape rooms paved the way to educational escape rooms, where students
make use of their skills to solve problems, which eventually will let them “escape” a room
in a certain way [22]. This way, escape rooms are employed in educational contexts, aiming
to promote cooperation, motivation and engagement [23].

In this paper, we expose our experience in the transition from a traditional passive
learning environment to an active learning paradigm in a college subject devoted to teaching
the basics of networking. We swapped from a teacher-taught paradigm to learner-led
paradigm by converting the previous master classes into flipped classroom classes and
transforming the previous written exams into both computer-based exams and escape
rooms, which are taken by the students in a sequential manner at the end of each didactic
unit for them to prove the knowledge acquired.
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The rest of the paper is organized as follows: first, Section 2 is devoted to related
work concerning escape rooms in educational environments; then, Section 3 exposes the
contextualization of the subject being selected to implement the aforementioned active
learning tools. After that, Section 4 explains the methodology employed. Next, Section 5
exhibits the fundamentals of the escape rooms being deployed. In turn, Section 6 presents
the specifications of the escape rooms proposed. Afterwards, Section 7 presents a discussion
about the results being obtained with the new paradigm, and eventually, Section 8 draws
the final conclusions.

2. Related Work

Escape rooms are used in educational contexts as a didactic tool for both teaching and
learning [24]. Such escape rooms are gameful experiences where participants form part
of a compelling narrative, which gets them immersed into a collaborative and motivating
adventure [25]. In order to complete the plot, players have to achieve the final objective
of the game, given at the beginning by the game master, which may only be reached by
solving a series of puzzles, missions and challenges related to the content of the curriculum
within a given time limit [26].

Educational escape rooms may be completed live in the classroom or online, and they
may use physical or digital tools and techniques to achieve the expected target [27]. One of
the most commonly adopted descriptions of a escape room for education was coined by
Nicholson, who defined it as a “live-action team-based game where players discover clues,
solve puzzles, and accomplish tasks in one or more rooms in order to accomplish a specific
goal (usually escaping from the room) in a limited amount of time” [28].

Therefore, an educational escape room presents the chance to engage the scholars
in game-based learning because, as cited by Monaghan, “this offers a non-traditional,
experiential, peer-group learning opportunity that fosters constructive interactions, leading
to observations of one’s own and others’ unique leadership skills and styles” [29]. This
way, one of the main targets is for students to feel that harnessing their individual talents
makes them stronger as a team, whilst improving team-based learning [30].

Educational escape rooms may be applied to any educational degree and any subject
within that scope, as a positive outcome is not only achieved by gaining basic curricular
knowledge, but also transversal contents such as the development of social skills and
attitudes, such as strong communication skills and team work ability [31]. It has to be
said that gamification in general provides benefits focusing on four main areas: cognitive,
emotional, social and motivational. In this sense, the pleasure and enjoyment experienced
through the escape room increase the engagement in work and learning [32].

It is to be remarked that the skill and the challenge score should both be high, in
such a way that the task becomes motivating for the player, where a flow state is achieved,
according to the quadrant model of flow, established by Csikszentmihalyi’s flow theory [33].
Hence, any other combination of both factors may lead to unwanted results, such that
low skill and high challenge results in anxiety, whilst low skill and low challenge leads to
apathy, whereas high skill and low challenge cause boredom [34].

All activities found within an escape room are called puzzles. Basically, these puzzles
use a simple game loop, such as a challenge to overcome, a solution which may be concealed
and a reward for overcoming the challenge. This way, the puzzle keeps the solution hidden
and it is up to the team to solve the puzzle to pass the challenge so as to achieve the
prize [35]. Analogously, the challenge could be seen as a locked box, the solution as the
combination and the reward as the content of the box.

Puzzles may be categorized as cognitive ones, which require thinking skills and logic;
physical ones, which require the manipulation of artifacts; and meta-puzzles, which labels
the last puzzle in a game, where the final solution is derived from the previous puzzles [36].
On the other hand, there are basically four ways to organize puzzles, where there is always
a meta-puzzle to conclude the game. The first one is open path, where puzzles may be
resolved in any sequence; the second one is a sequential or linear path, where solving a
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puzzle provides a clue for the next puzzle to be solved; the third one is path based, where
there may be several paths of puzzles; and the fourth one is the combination of the previous
structures, forming a hybrid structure [37].

Many studies have been carried out to assess the usefulness of escape rooms as active
learning tools in higher education. For instance, some bachelor’s degree final projects
have been devoted to escape rooms, such as that of [38], who proposed an instance called
“fits and tolerances” devoted to the metrology part related to mechanical engineering and
aerospace engineering, or [39], who designed an instance in the form of a video game
entitled “laboratory 93” consisting of a 2D escape room with the use of BLE beacons for
interacting with different rooms in the real world.

Likewise, some master’s degree final projects have also been dedicated to escape
rooms, such as [40], who developed an escape room to evaluate the skills of a candidate ap-
plying for a vacant position, or [41], who designed a mobile application so as to keep record
of all games performed. Additionally, some dissertations or PhDs have also focused on
escape rooms, such as [42], who described an instance exploring the effects on perceptions
of team processes and perceived team effectiveness, or [43], who presented an instance to
deliver effective leadership training.

On the other hand, some master’s degree theses in secondary school teaching have
been devoted to escape rooms to be applied to teenage scholars, such as [44], who proposed
a breakout activity for students to get to know each other at the beginning of their first
year of high school, as well as an escape room for the technology subject in that course in
order to consolidate all knowledge acquired during the whole year. Additionally, ref. [45]
designed an escape room to consolidate the basics of chemistry, focusing on the periodic
table, as well as to formulate and name inorganic compounds, which are studied during
the third year of high school. Additionally, ref. [46] plotted an escape room so as to retrieve
the knowledge learnt in geometry classes during the third year of high school.

Moreover, ref. [47] proposes an escape room to review the concept of algebraic
equation of the first and second degree, as well as different strategies of problem solving,
which are taught during the second year of high school. Meanwhile, ref. [48] exposes
an escape room devoted to auditing the knowledge acquired in the subject of English as
a Foreign Language (EFL) for students in their third year of high school. Furthermore,
Ref. [49] exhibits an escape room prepared for a range of Dutch secondary education
students aged 16 to 20 related to consolidating their knowledge acquired in the biology
lessons.

Focusing on higher education, specifically in medical science, ref. [50] proposes an
escape room combining vascular surgery objectives, knowledge-based problems and tech-
nical skills to undertake the activity designed with time constraints. Meanwhile, Ref. [51]
presents an immersive escape room to help resident trainees identify reportable patient
safety priorities, where instructions for the game and clues to solve the puzzles are pro-
vided by means of quick response (QR) codes. Moreover, ref. [52] exhibits an escape room
for nursery students for them to not only show their knowledge but demonstrate how to
put it into practice, as well as showing transversal skills such as working under pressure,
leadership or ability to work as a team.

Keeping to higher education, specifically in mathematics-related subjects, ref. [53]
exposes an escape room initiative for math subjects in the degree of Pharmacy and Nursing
during the pandemic lockdown and later restrictions to be performed in hybrid mode, e.g.,
online and in person at the same time. Meanwhile, ref. [54] presents an escape room to
consolidate the knowledge of linear algebra in engineering, whilst [55] conducts a similar
approach, although its target is focused on calculus.

As a matter of fact, existing literature about escape rooms in education comprises all
levels, from primary school to higher education, and all fields, such physics or computing
science, where students report high engagement, which implies they acquire new knowl-
edge and skills by playing [56]. It is to be remarked that gamification and game-based
learning have the same goal, as this also happens with serious educational games, even
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though they are all different in practice [57]. Regarding the latter, it may be seen as a
custom-built game with a specific learning target; thus it need not be entertaining.

It is to be noted that gamification is commonly applied as an extra layer within existing
environments, training or learning programs, whilst game-based learning is commonly
conducted using existing games which may be repurposed for the learning target, whereas
serious games are usually created from scratch for a specific objective. However, all of
them usually share some design elements to enhance learning, such as rapid feedback,
immersion, flow, clear goals, freedom to fail, collaboration, reflection and iteration [58].

At the end of the day, interactive classes start substituting master classes by means of
gamification, game-based learning, serious educational games and other active learning
techniques, where students become motivated to carry out their own learning process whilst
having fun [59]. In this sense, active learning through a learning management system may
be a centralized point for scholars to obtain study materials, as well as discussion forums
and questionnaires, which may be further extended by including active learning activities
such as digital escape rooms.

Furthermore, such systems may be also employed to obtain descriptive statistics
out of quizzes or inductive statistics out of feedback provided by students. Additionally,
motivation may be boosted by awarding digital badges to students for reaching some
targets or for their performance in class, whereas leaderboards may motivate them to take
a more active role during in class. Therefore, it may be said that a learning management
system is definitely a tool that increases students’ involvement during active learning [60].

3. Contextualization

To start with, it is to be noted that the networking field may be considered as being
located in the border of computing and telecommunication domains, as knowledge of
both areas is mainly included in such a field. Hence, learning networking subjects at a
higher education level implies a solid background not only in computer architecture and
programming, but also on electronics, electromagnetism and optics.

We, the authors of this paper, are members of the Computing Engineering Department
in the Miguel Hernández University (UMH), in Elche (Spain), where we teach subjects
related to computing and networking fields in different degrees within the Polytechnic
School of Elche at UMH, such as the degree in telecommunication engineering and the
degree in information technology engineering.

In both degrees, the first course (composed of semesters 1 and 2) is devoted to common
subjects geared towards learning the basics of mathematics, such as algebra and calculus,
the background of physics, such as classical mechanics and electromagnetism, and the
foundations of computer science, such as abstract data types and algorithmics.

Afterwards, the second course (composed of semesters 3 and 4) starts focusing on
specific subjects within each degree, although the networking background at this stage is
basically common in both cases, as that is the first contact with such a field within each
degree, although they may both focus on different aspects of networking in other subjects
taught in further courses.

This way, there is a networking fundamentals subject being taught in the fall semester
dedicated to the lower layers of the OSI model, which range from 1 to 3, whose scope
is how network traffic flows move through across the network. Furthermore, there is a
twin subject being trained in the spring semester committed to the higher layers of the OSI
model, namely those ranging from 4 to 7, whose scope is how network traffic flows are
dealt with inside the end hosts.

In this context, we implemented an active learning methodology in the first of the
aforementioned subjects in order to teach the networking principles related to layers 1,
2 and 3 of the OSI model. We think this is a crucial moment for the students when it
comes to understanding the basics of networking, as it is the first time they encounter a
network-related subject in college and the way they assimilate the foundational concepts
of networking may make a difference to how they face further subjects in higher courses.
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Therefore, it is the ideal point to implement educational innovation techniques so as to
both enhance students comprehension and boost students’ results related to the subjects
belonging to the networking field.

4. Methodology

It is to be noted that the research question in this article is how we implemented an
active learning paradigm in our classes in the aforementioned subject related to introduction
to computer networks, where the methods applied to achieve that goal are going to be
described in detail.

The previous paradigm being applied up until the last academic year was the so-called
passive learning approach, where the teacher took all responsibility for the learning process
in the classroom. However, we decided to undertake a paradigm change for this current
academic year in order to embrace an active learning approach.

That change of paradigm implied a lot of work for us, the teachers, to get it ready. This
work may be divided into three domains: theory sessions, practical sessions and evaluation
sessions. Centering on the theory sessions, we already had the slides employed in our
classes during the previous years, as well as a collection of problems related to such slides.
However, we had to redesign many of those slides so as to adapt them to video recordings
of each section within each chapter contained in the subject.

Most of that redesigning process was related to including more visual items in the
slides, such as encircling key facts, overlapping elements or adding some extra text to
further explain some important concepts. Furthermore, we had to include some slides
with problem resolution activities, where a bunch of relevant problems are solved on a
step-by-step basis.

Focusing on practical sessions, it just happened that the previous software we were
using to carry out lab activities became unsupported; thus, we had to look for a different
tool to undertake practical activities. Hence, as we were obliged to redesign all lab scripts
to adapt them to such a new software tool, we did so by incorporating a more collaborative
vision where students had to solve tasks in groups, where breakout rooms were encouraged.

Regarding the evaluation sessions, student tests used to be taken on paper, such that
at the end of each didactic unit, a test was rendered. Afterwards, a final exam was taken
at the end of the semester, even though scholars need not do it provided they had passed
all previous chapter exams. However, a new evaluation strategy has been adopted, where
computer-based tests have substituted pen and paper exams.

An evaluation session is held at the end of each didactic unit, where an individual test
is taken first, followed by a group test in the form of an escape room environment. It is
to be said that a specific scenario is built up for each instance of escape room in order to
enhance motivation and engagement for the scholars, although in the end, the target is to
present a series of group tests to them, which is going to be a part of their evaluation.

With respect to the motivation to undertake an active learning paradigm in our classes
of the aforementioned subject, this is something that we had in mind for a long time, which
eventually we decided to carry on for the current academic year. The main point was to
try to implicate scholars more into the learning process, pushing them to become more
responsible about the whole proceeding.

We were inspired by the proposals made in the references exposed in the bibliography,
such that we drew the conclusion that all three domains stated above should be updated in
order to properly follow an active learning perspective. In this sense, a flipped classroom
was decided to be the approach for theory lessons, whereas practical lessons were geared
toward collaborative activities.

Furthermore, evaluation procedures were moved from paper tests into computer-
based testing, where individual tests are obviously taken by the student on their own,
whilst group tests are presented in the form of an escape room. Focusing on the latter, their
structures are all sequential paths, where the grades obtained in a given puzzle allow them
to move forward a certain number of stages, rewarding the groups achieving better marks,
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as they will travel along in a faster way. Furthermore, each escape room was developed
with a different theme in order to surprise students and get them more excited about the
escape room.

In order to properly orchestrate the different contents of a subject, we are using Moodle
as the Learning Management System (LMS), such that all the different syllabus needed in
that subject are presented herein in an organized fashion. This way, Moodle may be seen as
the hub where the subject is arranged, comprising theory materials, problems proposed,
lab scripts, online exams and also escape rooms.

Focusing on the curriculum of the first one of the aforementioned subjects related to
network foundations, it has been divided into five different chapters, where the first one
presents an introduction to the OSI model, then the second one sticks to the physical layer,
also known as layer 1. After that, the third one exposes the data link layer, also labeled as
layer 2. Afterwards, the fourth one goes deeper into the media access control techniques
carried out in layer 2, and finally, the fifth one undertakes the study of the network layer,
also branded as layer 3.

Prior to implementing active learning strategies in this subject, the didactic approach
was that of a frontal class for theoretical sessions, which is featured by the interactivity
between teacher and students, where the active role is taken by the former. It is in charge of
providing all contents through frontal lessons with the help of blackboards or slideshows.
The students take a more passive role, as they basically listen to the explanations, although
they also ask and answer questions posed by the teacher.

On the other hand, the didactic approach for the practical session was that of an
interactive class, which is characterized by a higher level of interactivity between teacher
and students, where the former provides part of the content with frontal lessons and design
interactions, whereas the latter listen, even though they also participate in the activities by
discussing and interacting with each other.

However, the implementation of active learning schemes turn both theoretical and
practical sessions into hands-on classes, as they result in the co-creation of knowledge
involving both the teacher and the students. In this case, the former has the role of
designing and guiding the learning process, whereas the latter has the role of building
content through an inductive process during their interactions with peers and the teacher.

In order to implement the hands-on learning framework for students to become an
active player in the learning process, two different strategies have been followed when
designing the theoretical and practical sessions. Regarding this theory, the flipped class-
room approach has been deployed, where a video has been produced for each section of
the chapters which are part of the subject.

This way, students may watch the corresponding video for a given session, allowing
the teacher to dedicate the class time to solve questions about the videos, and in turn, being
able to propose problems for students to be resolved in small groups, permitting them to
apply the concepts learned. With respect to practical activities, a set of lab activities based
on the mininet application run on Linux hosts are to be resolved in groups by the students
in order to empower them to practice and experiment with the lessons previously learnt.

Evaluation of each chapter is carried out after completing the theory and lab sessions
devoted to it. The proposed evaluation system consists of two parts to be completed in
the same session, where the first one involves a computer-based quiz with a number of
questions randomly extracted from a pool stored in Moodle for each individual chapter.
Such questions may have different formats, such as filling in the blanks, choosing the right
answer out of a group, selecting the right answers out of a bunch, or solving calculated
operations with random inputs. Regarding the second part of the evaluation, it involves
a escape room, resulting in five different escape rooms proposed for each of the didactic
units, which are exposed in the following section.

Eventually, the conditions required to clear each chapter are to both pass the quiz
and the escape room. This is the way each chapter is evaluated, which results in students
passing the subject without a final exam if all chapters have been cleared. Otherwise, if any
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of the chapters have not been cleared, then students must take the final exam composed of
a quiz and some problems to be resolved, although they only need complete the activities
related to the chapters that had not been cleared before. This way, students get motivated
to study for the chapter quizzes and for the escape rooms, as they may avoid taking the
final exam if they achieve a good performance in all chapter quizzes and escape rooms.

Specifically, quizzes are composed of 30 questions to be resolved in 30 min. Quizzes
are taken at the beginning of a session; thus, the rest of such a session may be devoted to
undertaking a escape room, whose aim is not only amuse the students, but also to further
test them on the knowledge acquired during the corresponding didactic unit, as the way
to get through the escape room is to solve different quizzes about it. The questions for
both the quizzes and the escape rooms are taken from the same bank, composed of some
hundred questions for a given chapter. This way, students not only thoroughly prepare for
a quiz, but they may take advantage of that preparation to perform better in the escape
room, which seems to further motivate them to study.

5. Escape Room Representation

In this section, the structure of escape rooms is detailed from different points of view.
To begin with, some details about its schematic representation are given, that being a
diagram of states and transitions for the proposed escape room, which is fit for the Spanish
grading system.

Additionally, a mathematical representation is proposed with two alternative views,
with an arithmetic one presenting an expression for transitioning to a new state from a
previous one according to the grades obtained in the quizzes, along with an algorithmic
one displaying snippets of pseudocode so as to portray the dynamics of the escape room.

5.1. Schematic Representation

In order to present a schematic diagram related to this kind of escape room, it is
necessary to state some previous considerations. Let us suppose that level j has an initial
spot pj and a final spot pj+1, where the states within that level are all connected between
both ends in a daisy chain form. Each state is defined as sj,k, with j showing the level it
belongs to and k identifying the different states within that level in a sequential order.

The transition from the initial spot within level j, namely pj, and the first stage of
that level, namely sj,0, is labeled as τ, meaning that it is an internal transition, resulting in
an automatic movement from the former to the latter. Likewise, the transition from the
last stage of a level j and the final stop of that level, namely pj+1, is also branded as τ,
accounting for an automatic movement, which in turn leads to the initial spot of the next
level, namely pj+1. As exposed before, it moves to the first state of that next level, meaning
sj+1,0, in an automatic fashion as well.

According to these indications, it is to be noted that reaching the last stage of the last
level will automatically lead to the final spot of that level, which in turn will lead to the
end of the escape room, which will be depicted as getting the winner’s cup.

Furthermore, it is to be noted that according to the Spanish evaluation system, the
minimum mark to pass an exam is 5, whereas the maximum mark is 10. Hence, considering
only integer marks to keep it simple, there are six stages between 5 and 10, with the same
number of states considered within each level. Additionally, if four levels are considered in
a escape room, which account for four different contexts to be traversed during each escape
room, then it will be over after clearing the fourth level.

Therefore, a schematic representation of the behavior of the proposed escape room
with the Spanish grading system is depicted in Figure 1. The nomenclature will be explained
in detail in further subsections, although three types of transition may be distinguished
therein. On the one hand, there are transitions represented by τ, which happen when any
end involved in a transition is either an initial spot, namely pj, or a final spot, namely pj+1,
or even both of them. Those τ stands for internal transitions, which are supposed to be
automatic, meaning they are transparent to the students.
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Figure 1. Flow chart for the behavior of the proposed escape room with spanish grading system.

On the other hand, there are loop transition on each state, namely sj,k, which take
place if students fail to pass a test, namely i < min, such that the previous state is kept if no
movement occurs. On the contrary, there are other transitions labeled as i ≥ min, which
occur if students do pass a test, and in that case, a new state will be reached within the same
level, where the magnitude of that movement will be exposed in the subsection dedicated
to mathematical representation.

5.2. Mathematical Representation

As stated above, the escape room structure may be seen as a collection of rows, with
each of those referred to as level j. Moreover, every level is composed of a number of states,
each of those referred to as state k. The path to traverse the escape room has been decided
to be sequential, such that each level needs to be cleared before moving to the following
one. This implies taking the path from left to right across the states within a level, where
the magnitude of each movement depends on the grade obtained in a particular test about
the didactic unit the escape room is based on.

Centering on the Spanish way of evaluating, where grades range from 0 to 10 and 5 is
the minimum mark to pass, it is proposed to have six states per level, such that being at the
first state of a level and obtaining the top mark in a test will head for the last state of such
a level, which in turn will lead to the first state of the next level. Sticking to the Spanish
version, each test contains 10 questions, where each of those is graded as either correct or
otherwise, thus earning 1 point in the former and 0 points in the latter, whilst the overall
mark will account for the addition of the points obtained in all 10 questions.

On the other hand, the number of levels proposed for each escape room is four. Each
of those is related to a different subtheme within the overall theme of one particular escape
room. This way, a group of students getting top marks in the tests four times in a row may
end the escape room, although this perfect situation may hardly happen.

The mathematical foundation behind the movement throughout the proposed escape
room may be expressed in an arithmetic fashion by means of an expression to calculate the
movement related to a certain grade in a test, which may further be employed to find out
the new state attained due to that movement, considering the specific conditions of the
structure of the escape room described above. Alternatively, the new state achieved may
also be expressed in an algorithmic manner, which may help a main algorithm to describe
the movement throughout the escape room.

Figure 1. Flow chart for the behavior of the proposed escape room with spanish grading system.

On the other hand, there are loop transition on each state, namely sj,k, which take
place if students fail to pass a test, namely i < min, such that the previous state is kept if no
movement occurs. On the contrary, there are other transitions labeled as i ≥ min, which
occur if students do pass a test, and in that case, a new state will be reached within the same
level, where the magnitude of that movement will be exposed in the subsection dedicated
to mathematical representation.

5.2. Mathematical Representation

As stated above, the escape room structure may be seen as a collection of rows, with
each of those referred to as level j. Moreover, every level is composed of a number of states,
each of those referred to as state k. The path to traverse the escape room has been decided
to be sequential, such that each level needs to be cleared before moving to the following
one. This implies taking the path from left to right across the states within a level, where
the magnitude of each movement depends on the grade obtained in a particular test about
the didactic unit the escape room is based on.

Centering on the Spanish way of evaluating, where grades range from 0 to 10 and 5 is
the minimum mark to pass, it is proposed to have six states per level, such that being at the
first state of a level and obtaining the top mark in a test will head for the last state of such
a level, which in turn will lead to the first state of the next level. Sticking to the Spanish
version, each test contains 10 questions, where each of those is graded as either correct or
otherwise, thus earning 1 point in the former and 0 points in the latter, whilst the overall
mark will account for the addition of the points obtained in all 10 questions.

On the other hand, the number of levels proposed for each escape room is four. Each
of those is related to a different subtheme within the overall theme of one particular escape
room. This way, a group of students getting top marks in the tests four times in a row may
end the escape room, although this perfect situation may hardly happen.

The mathematical foundation behind the movement throughout the proposed escape
room may be expressed in an arithmetic fashion by means of an expression to calculate the
movement related to a certain grade in a test, which may further be employed to find out
the new state attained due to that movement, considering the specific conditions of the
structure of the escape room described above. Alternatively, the new state achieved may
also be expressed in an algorithmic manner, which may help a main algorithm to describe
the movement throughout the escape room.
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First of all, let us present a generic case to calculate the movement linked to a certain
mark achieved in a given test, which is expressed as the variable i. This generic scheme
could be applied to the evaluation system of any country by particularizing the specific
digits of the constant values related to min and max for that given country. In this sense, the
constant value min is referred to as the minimum grade to pass and the constant value max
is taken as the maximum grade. Moreover, variable k0 represents the actual state within a
given level, that being the state before taking the test, and variable k1 represents the next
state within the same level, that being the state after taking the test.

In this context, Equation (1) exhibits the expression for the movement assigned to the
grade obtained in a given test, whereas Equation (2) depicts the expression of the new state
actually assigned to such a grade, composed of the addition of the previous state and the
movement calculated, along with a correction factor which might be applied in order not
to overpass the last state within a level.

As a side note, it is to be noted that the symbol bx/yc represents the quotient of the
integer division of x by y, whereas the symbol x|n represents the remainder of the integer
division of x by n, also known as congruence modulo n.

MOV =
⌊

i
min

⌋
· 2−b i

maxc · (i− 4) (1)

k1 = k0 + MOV−
(⌊

(k0+MOV)
(max−min+2)

⌋
· (k0 + MOV)|(max−min+1)

)
(2)

Focusing on the Spanish evaluation scheme, the constant value min = 5 is the min-
imum grade to pass a test and constant value max = 10 is the maximum grade in a test,
whereas grades min < 5 = [0 · · · 4] lead to failing a test. Hence, expression (3) exposes the
movement assigned to a certain mark in a test, whereas expression (4) displays the new
state actually associated with that mark.

MOV =
⌊

i
5

⌋
· 2−b i

10c · (i− 4) (3)

k1 = k0 + MOV−
(⌊

k0+MOV
7

⌋
· (k0 + MOV)|6

)
(4)

Hence, failing the test implies that the student will remain in the same state, where
(k1 = k0), whilst passing the test facilitates moving forward within the current level, where
(k1 = k0 + MOV− correction), taking into consideration that reaching the last state within
the current level will lead to promotion to the next level. This, in turn, will bring them to
the first state within such a level. Furthermore, getting to the last state of the last level will
take them to the end of the escape room, which is represented by the winner’s cup.

Regarding the expression for movement for the Spanish evaluation system cited
above, as quoted in (3), it is composed of three factors. The first one zeros marks below the
threshold to pass, which is expressed by min, because of applying the integer division by
just that amount. This way, the integer division of a lower figure than the threshold yields
zero, whilst it yields one for the threshold or above for the range of grades managed herein.
However, there is an issue with the top mark, as it simply doubles the threshold for being
twice as that amount, because 5× 2 = 10.

However, the second factor solves this issue by halving only the top mark, whilst
leaving the rest of the grades as they are. This is achieved by applying the properties of
powers, such as x0 = 1 in the former and x1 = x in the latter, although that is taken with a
negative exponent, such that x−1 = 1/x, which results in 2−1 = 1/2 = 0.5.

Furthermore, the third factor carries out the real movement for the marks above or
equal to the threshold, as the lower ones have already been canceled by the first factor,
where such a movement is one hop away for the threshold, two hops away for the successive
of the threshold, and so on, all the way to the top mark, which is six hops away.
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With respect to the expression to find the next state for the Spanish evaluation system
cited above, as quoted in (4), it is to be noted that it takes the expression for movement
as its foundation, which is added up to the current state. This acts as an offset, and it is
further subtracted to a correction factor to avoid overpassing the last stage within a given
level. Such a correction factor contains two factors itself, where the former detects the cases
where the last stage within a level is overcome and the latter applies the precise offset to
stick to the aforementioned last stage.

In order to prove the aforementioned expressions for movement and new state in the
Spanish evaluation system, namely (3) and (4), the following tests have been undertaken
for the different scenarios available at a given level. In fact, the case k0 = 0 is shown in
Table 1, k0 = 1 is portrayed in Table 2, k0 = 2 is displayed in Table 3, k0 = 3 is depicted in
Table 4, k0 = 4 is viewed in Table 5 and k0 = 5 is appreciated in Table 6. Furthermore, the
case k0 = 6, that being the last state within a level, does not apply, as it automatically gets
forwarded to the first state of the next level, so it becomes the case k0 = 0.

Table 1. New state k1 when current state k0 = 0.

k0 0 0 0 0 0 0 0 0 0 0 0

Mark 0 1 2 3 4 5 6 7 8 9 10

MOV 0 0 0 0 0 1 2 3 4 5 6

k1 0 0 0 0 0 1 2 3 4 5 6

Table 2. New state k1 when current state k0 = 1.

k0 1 1 1 1 1 1 1 1 1 1 1

Mark 0 1 2 3 4 5 6 7 8 9 10

MOV 0 0 0 0 0 1 2 3 4 5 6

k1 1 1 1 1 1 2 3 4 5 6 6

Table 3. New state k1 when current state k0 = 2.

k0 2 2 2 2 2 2 2 2 2 2 2

Mark 0 1 2 3 4 5 6 7 8 9 10

MOV 0 0 0 0 0 1 2 3 4 5 6

k1 2 2 2 2 2 3 4 5 6 6 6

Table 4. New state k1 when current state k0 = 3.

k0 3 3 3 3 3 3 3 3 3 3 3

Mark 0 1 2 3 4 5 6 7 8 9 10

MOV 0 0 0 0 0 1 2 3 4 5 6

k1 3 3 3 3 3 4 5 6 6 6 6

Table 5. New state k1 when current state k0 = 4.

k0 4 4 4 4 4 4 4 4 4 4 4

Mark 0 1 2 3 4 5 6 7 8 9 10

MOV 0 0 0 0 0 1 2 3 4 5 6

k1 4 4 4 4 4 5 6 6 6 6 6
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Table 6. New state k1 when current state k0 = 5.

k0 5 5 5 5 5 5 5 5 5 5 5

Mark 0 1 2 3 4 5 6 7 8 9 10

MOV 0 0 0 0 0 1 2 3 4 5 6

k1 5 5 5 5 5 6 6 6 6 6 6

An alternative way to represent the dynamics of the proposed escape room is by using
snippets of pseudocode. This approach helps display the sequence of events happening
according to the rules set in the structure of the proposed escape room in the form of flow
diagram coded in pseudocode. The first algorithm proposed aims to find the new state,
namely k1, considering the grade obtained in a given test, namely i, and the current state,
namely k0. The latter are included as the input of the algorithm, whilst the former is the
output, which is in fact returned after running it.

Looking at Algorithm 1, it may be seen that variables min and max are defined for the
Spanish evaluation system, although when those lines are deleted, the algorithm becomes
generic and could further be particularized for other grading systems. Additionally, this
algorithm offers the same result as its arithmetic counterparts to calculate the new state,
although it takes a logical approach, which allows us to declare conditions in order to
distinguish the three different cases that are available. Moreover, this versatility permits
the calculation of the new state without the need to determine the movement beforehand.

Algorithm 1 Find New State
Input: i, k0
Output: k1

1: procedure FINDNEWSTATE
2: min← 5
3: max← 10
4: if i < min then
5: k1 ← k0
6: else
7: if (k0 + i) > (max−min + 1) then
8: k1 ← max−min + 1
9: else

10: k1 ← k0 + i
return k1

Regarding the cases exposed, the first one exhibits the case where the grade in a test
is lower than the threshold to pass it, which is determined by the condition i < min and
results in no movement whatsoever. The second one exposes the case in which a test is
passed, which generates a movement that overlaps the last state within a level. This is
expressed by the condition (k0 + i) > (max−min + 1) and results in moving until the last
state of such a level, which in turn will lead to the first state of the following level. The third
one includes the rest of the cases, such that a test is passed and the movement generated
does not overlap the last state within a level.

Additionally, a main algorithm is presented in order to describe the sequence of events
occurring when staring out in one of the proposed escape rooms. First of all, the initial
value of the level is established, namely j = 0, as well as the initial state within that level,
namely k0 = 0. Additionally, the number of levels within a escape room is defined in the
variable WIN, which in this case is set to fpur.

Afterwards, there is a loop represented by the clause while · · · do, whose exit condition
is that all levels of the escape room have been cleared. This does happen once the current
level j equals variable WIN, as the first level in the escape room is considered to be zero;
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thus, the last one will be WIN− 1. Hence, when such a level is cleared, the the variable j
will reach the value of WIN.

The actions to be repeated over and over again in the loop, until the exit condition
is met, meaning the escape room is over, are as follows. First of all, a 10-question test is
taken by a group of students, whose score is stored in variable i. Then, the procedure
FindNewState is called with the arguments i and k0, namely the current state, which will be
taken as parameters by such a procedure, and after its execution, the appropriate value of
k1 is returned, namely the new state.

After that, it is checked whether the new state k1 is the last state within a level. On the
one hand, if this is the case, then the level is incremented, whilst the current state k0 is set
to 0, implying the first state of the new level. On the other hand, if that is not the case, then
the value of the new state k1 is assigned to the current state k0.

At this point, the actions within the loop have all been executed, which means that the
exit condition of the loop is checked out again and the cycle is restarted again if the exit
condition is not met. However, once such a condition is met, the loop is over and so is the
main algorithm, as there is no more code to be executed, meaning that the escape room is
over as the escape room is finished for that group of students.

5.3. Model Verification

From the point of view of usability, the model proposed is that of an escape room with
a linear path, where puzzles are organized in a sequential way. However, the magnitude
of the steps to traverse the model depends on the grades obtained during the group tests,
which opens the door for student groups to apply different strategies, such as trying to
achieve top marks and taking more time to take a test, or trying to get lower marks so as to
speed up test taking.

A potential improvement in the design of the proposed escape room may be to change
the sequential path with a hybrid structure, where shortcuts along the path may be found
in order to move faster, as at the end of the day, the ultimate target is to reach the end of the
path while investing the shortest time so as to get higher marks.

Otherwise, from a more formal point of view, the proposed model representations
may be formally verified by applying logic. In this sense, let us start out with the schematic
one, which constitutes the backbone of the proposed model. Figure 1 depicts a sequential
path composed of four levels, with six stages per level. It is easily seen that the only way to
traverse the path from beginning to the end is to go forward, whereas the magnitude of
the hops within the path depends on the marks obtained in the diverse group tests. In this
context, the sole manner not to move ahead is to fail all tests.

However, by applying the fairness condition, which is a common tool used to verify
formal representations, it may be said that at some point in time, a test will be passed, and
if there are no time constraints, then we may conclude that any team will eventually finish
the proposed sequential path, as they will eventually pass enough tests to travel along
the whole path. Nonetheless, it is to be pointed out that we do have a limited time in our
classes to dedicate to escape rooms; hence, it might happen that a number of groups of
students are unable to finish a given escape room, even though that fact does not invalidate
the aforesaid premise.

Moving on to the mathematical representation, Algorithm 1 provides the new state
in relation to the previous state and the grade obtained in a test. In this case, Tables 1–6
display all possible combinations of the antecedents, which happens to offer a coherent
consequent in all cases, according to the rules exposed above. With respect to Algorithm 2,
it exhibits the flow diagram of the escape room, where a loop describes the movement
within the path and the loop condition is to reach the end of that path, thus indicating the
moment at which the escape room is complete.
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Algorithm 2 Main

1: procedure MAIN
2: j← 0
3: k0 ← 0
4: WIN ← 4
5: while j < WIN do
6: i = TakeTest
7: k1 = FindNewState(i, k0)
8: if k1 == (max−min + 1) then
9: j← j + 1

10: k0 ← 0
11: else
12: k0 ← k1

6. Designs for the Escape Rooms Proposed

Here, we discuss the make up of the five proposed escape rooms in order to help
assess the five didactic units exposed above. It is to be reminded that there is a question
bank in the LMS for each didactic unit, containing more than a hundred questions. Many
of them are calculated activities with randomized inputs, which effectively extends the size
of each question bank a great deal, thus minimizing the risk of cheating during the tests.

As stated above, there is an evaluation session after finishing up each didactic unit,
where an individual test is first taken, and the rest of the session is dedicated to carrying
out the corresponding escape room in groups of students; hence, each group may take
advantage of the knowledge attained by all of its members so as to keep passing the
different 10-question tests they may encounter during their journey to clear the escape
room in the fastest possible way in order to get higher marks.

It is to be reminded that we consider a escape room as an incentive to encourage
students to take tests in groups. In other words, the escape room is just a form of scenery
provided in order to motivate them to take a series of group tests related to a didactic unit.
Therefore, the escape rooms implemented for each didactic unit have no direct relation to
the syllabus of each chapter, although their target is to get the students into the right mood
for each of the proposed scenarios.

6.1. Zombie Apocalypse at University

Chapter 1 is branded as “Introduction to Networking” and its aim is to outline the OSI
model, which is the theoretical framework of protocols governing all networking commu-
nications. Meanwhile, the TCP/IP model is also presented as the practical implementation
of the OSI model, such that all network communications make use of this.

The escape room developed for chapter 1 is based on the concept of a zombie apoca-
lypse at university, where a short debriefing is given at the beginning, stating that zombies
have taken control of the university and they are turning all personnel therein into zombies.
In this context, the mission is to go through different buildings throughout the college
campus in a sequential order to try to find the vaccine to revert the zombification process.

The four levels prepared for this escape room are defined as the buildings to be
traversed in a sequential manner:

• Faculty
• Administration
• Laboratories
• Rectory

6.2. Star Wars: A New Hope

Chapter 2 is entitled “Physical Layer”, also known as layer 1 of the OSI model, which
is dedicated to exposing how data transmission takes place, mostly in digital format.
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Moreover, the main features of the most commonly used transmission media are exhibited,
along with other concepts as multiplexing or data encoding schemes.

The escape room undertaken for chapter 2 is based on the film “Star Wars: a New
Hope”, where a short speech is given initially, sketching the plot of the film, such that
students are taken throughout its most significant events. In this context, the mission is
to follow the adventures of the main characters of the film in a sequential order to try to
eventually face the imperial space station called the Death Star.

The four levels proposed in this escape room are stated as parts of the film plot to be
swept in a sequential fashion:

• The Rebel Alliance.
• Tatooine.
• Galaxy Chase.
• Death Star.

6.3. Lord of the Rings

Chapter 3 is named “Data Link Layer”, also known as layer 2 of the OSI model, which
is devoted to explaining how communications between two end points take place within
a local network. Its main features are depicted; these include physical addressing, error
control through specific encoding systems and flow control.

The escape room carried out for chapter 3 is based on the film “Lord of the Rings”,
where a brief speech is offered at the outset, sketching the storyboard of the three films
within that trilogy, such that students are drawn into the plot if they do not know about it,
or they can brush up on their knowledge of it. In this context, the mission is to go along
with the main characters through the story plot of each film within the trilogy.

The four levels exposed in this escape room are dedicated to first presenting the
background, followed by each of the plots of the three films displayed sequentially:

• The Adventure Begins.
• The Fellowship of the Ring.
• The Two Towers.
• The Return of the King.

6.4. History of Computing

Chapter 4 is labeled “Media Access Control”, which is an extension of the previous
chapter devoted to layer 2 of the OSI model, where multiaccess protocols to local networks
are reviewed. The journey starts out with random access and control access, followed by
the most typically used nowadays, which are Ethernet and Wi-Fi.

The escape room designed for chapter 4 is based on the history of computing, where a
small debrief is conducted to start with, exposing the main steppingstones of computing
throughout human history until it reaches the point where we are in this day and age. In
this context, the mission is to go along the different stages proposed, moving from the first
historical traces of writing and math, the construction of mechanical devices, turned into
electronic ones and the current state of the art.

The four levels exhibited in this escape room are devoted to the relevant periods,
measured in centuries, for computing history in a sequential way:

• Ancient Times
• 17th–19th Centuries
• 20th Century
• 21th Century

6.5. The Movies of My Life

Chapter 5 is tagged as the “Network Layer”, also known as layer 3 of the OSI model,
which is committed to explaining how communications between two end points take
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place regardless of the network on which they are located. Moreover, its main features are
displayed, which include packet switching, logical addressing and the basics of routing.

The escape room designed for chapter 5 is based on the history of cinematography
in recent years, where a little debrief is given at the outset, highlighting some of the most
significant films from the last decades up until now. In this context, the mission is to go
along the selected films in the different decades proposed, starting out in the 1980s and
moving forward to the following decades all the way to the current times.

The four levels presented in this escape room are committed to showing some block-
busters produced in recent decades in a sequential order:

• 80s Decade: 1980–1989.
• 90s Decade: 1990–1999.
• 00s Decade: 2000–2009.
• 10s–20s Decades: 2010–now.

7. Discussion

It is to be noted that the swap from traditional learning to active learning has boosted
the motivation and engagement in the attitude of students, as well as their academic
performance, and it appears that the main factor responsible for such a change is the
introduction of escape rooms as an assessment tool.

To start with, comments provided by students state that they are more motivated
to watch the videos provided for the flipped classrooms, as they have become more
competitive thanks to escape rooms. That competitiveness induce them to perform better
by achieving better marks during the tests, and that point encourages them to review the
theoretical materials more carefully in order to better understand the concepts exposed
in the didactic unit. As an extra point, this will also allow them to perform better in the
individual tests, as they are more prepared when taking their exams. This causes their
overall performance in the assessments to rise, resulting in better marks.

On the other hand, some comments addressed the engagement of the scholars when
it comes to the escape room, as they became absorbed into the mood of the escape room,
which brought them into a flow state. Other comments go about pointing out the fun
students have during escape room tasks, as opposed to the tension they experience during
traditional exams.

Furthermore, surveys were passed to scholars, where they reiterated their support
of the active learning context. The results of those surveys reveal that computer-based
exams had a good acceptation rate, whilst the flipped classroom approach had a better
acceptation mark. However, the use of escape rooms as an evaluation tool received the
highest acceptation rate with a significant difference, as most of the students cited the
motivation and the engagement they feel in relation to escape rooms.

Additionally, students’ academic performances improved since the introduction of
the active learning paradigm. It appears that the reason for the increment in their grades
is because they more thoroughly studied the materials provided in order to become more
competitive in the escape rooms, as well as to enjoy the overall experience more and to
be more collaborative with their team peers, all of which has all been corroborated by the
students’ comments and surveys.

The measure of academic performance has been carried out by comparing the average
grades obtained by scholars in previous academic years, where a traditional learning
paradigm was employed, with the average marks attained by students in the current
academic year, where an active learning paradigm has been undertaken.

This resulted in both more students passing the subject and an increase in marks
overall, as we saw nearly a 15% rise in the former and nearly a 20% rise in the latter. Those
figures are pretty similar to the rates quoted in the literature for STEM education when it
comes to adopting an active learning approach in a subject.

Specifically, regarding the former, ref. [61] reported a 16% increment, whereas with
respect to the latter, ref. [62] observed a 21.4% increase. Consequently, a better academic
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performance implies a better understanding of the content of the subject, which will help
students consolidate knowledge, as well as helping them to better follow more advanced
subjects relevant to their field of study.

In order to measure the level of engagement of students, the ISA engagement scale
has been used. According to this scale, engagement may be seen as a positive state of mind
relating to three different dimensions: intellectual, social and affective. Hence, taking all
three together gives an overall level of engagement for each person [63].

The scoring has been obtained through a series of nine questions measured from 1 to
7, where the former stands for strong disagreement, whilst the latter stands for strongly
agreement. There are three questions aimed at each of the three facets of engagement,
where the average of each facet is calculated, and in turn, the average score overall is found
out. The top score is obviously seven in each facet and overall, whereas the expected score
is above six.

In this context, intellectual engagement measures the degree to which students are
intellectually absorbed in a task, whilst social engagement measures the extent to which
scholars feel socially connected during a task. Meanwhile, affective engagement measures
the degree to which students experience positive feelings when doing a task.

The final item set of questions is presented in Table 7, which is cited from the original
paper where the ISA engagement scale is defined [64].

Table 7. The ISA Engagement Scale.

Facet Questions

Intellectual Engagement
I focus hard on my work.
I concentrate on my work.
I pay a lot of attention to my work.

Social Engagement
I share the same work values as my colleagues.
I share the same work goals as my colleagues.
I share the same work attitudes as my
colleagues.

Affective Engagement
I feel positive about my work
I feel energetic in my work.
I am enthusiastic in my work.

Regarding the feedback collected from students, this may be divided into two types:
comments and surveys. On the one hand, the former were comprised by means of oral
suggestions made by the students during the classes and the escape room, where they
basically reinforced our decision to adopt an active learning paradigm, especially by
embracing escape rooms as part of the evaluation process.

On the other hand, the latter were composed of standard surveys and the ISA engage-
ment scale. With respect to the first one, they are standardized for all subjects at our college
and they basically ask students several questions which encourage them to rate what they
think about the subject contents and how the teachers performed. In this case, the results
attained overlapped those achieved in previous academic years.

With regard to the second one, the scores obtained in the different domains which
were part of the ISA engagement scale were 6.2 for the intellectual one, 6.5 for the social
one and 6.5 for the affective one, resulting in an overall score of 6.4. We are happy about
the outcome achieved, even though we expect to improve in the coming academic years.

From our point of view, the adoption of active learning techniques supposed some
hard work at the beginning in order to get the contents of each didactic unit recorded,
as well as preparing all the escape room scenarios. However, we really appreciate the
change of dynamics in the classes thanks to this new approach in terms of motivation
and participation. With respect to the flipped classroom paradigm, we acknowledge the
contribution to getting scholars more involved in their classes by asking more questions
and responding better to practical exercises.
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Regarding the escape rooms, we noted the engagement and the good mood of the
students in every session, providing them with a remarkable experience, whilst we noted
an increase in their marks with respect to the master class paradigm. Therefore, we must
say that the effort to swap to the active learning paradigm was worth it.

8. Conclusions

In this paper, the change of paradigm from traditional learning to active learning in
the context of higher education has been described. Prior to that point, master classes were
carried out, where teachers played an active role, whereas students played a passive one.
However, a flipped classroom has been put in place, swapping the students role into an
active role, whilst teachers adopt more of a dynamizer role. This promotes participation
and collaboration among students.

This assumption of an active learning paradigm also affects how assessments are
conducted. Previously, written exams used, although computer-based activities are now
used instead. Two evaluation activities are carried out, where the first one is an individual
questionnaire to assess each didactic unit out of a bank of theoretical questions with several
possible answers, allowing students to choose one or more correct answers, as well as
calculated activities with randomized input so as to avoid cheating.

Regarding the second assessment activity, a escape room has been developed to be
undertaken right after each individual quiz. Students get together in groups with the
purpose of solving a series of sequential puzzles, each of those consisting of a number of
questions selected from the aforementioned bank of questions, until they may reach the
end of the game, which is represented by the winner’s cup.

Hence, five escape rooms have been designed in order to cover five didactic units, each
of them with different themes. The first one involves a zombie apocalypse at university,
the second one follows the plot a Star Wars film, the third one involves the Lord of Rings
trilogy, the fourth one is based on the history of computing and the fifth one concerns some
famous films released in the last few decades.

With respect to the students’ opinions about the active learning paradigm adopted,
most of them agree with it and the activity they like the most is the implementation of
escape rooms. Their comments demonstrate the increase in motivation and engagement
when the exam day comes, as they now consider it the escape room day. This motivation
makes them study more; hence, they are better prepared for their exams, as the questions
come from the same bank as those posed in the escape room.

Likewise, the possibility of clearing a didactic unit by performing well in both the
individual exam and the escape room gets them further motivated, as they associate escape
room day with engagement and fun, as opposed to the final exam day, which is perceived
with anxiety and pressure. Therefore, it seems that the adoption of active learning offers
interesting benefits for the students in terms of motivation and engagement, as well as
better academic performance.

In summary, the research question in this paper is about how to implement the active
learning paradigm in the sessions of our subject devoted to network fundamentals for
the current academic year in order to boost performance, taking into consideration that
traditional learning has been in place for many years. In order to deploy an active learning
approach, a combination of methods have been put in place, such as swapping traditional
master classes for theory with a flipped classroom strategy and changing our lab scripts for
practice so as to encourage more collaboration.

Furthermore, the evaluation system substituted a paper-based exam to be fulfilled on
an individual basis with a double computer-based exam, where one is taken individually
and the other one is taken in groups in the form of a escape room in order to be more
appealing to scholars. It is to be said that after analyzing the students’ outcomes, along with
their comments and surveys, it seems clear that embracing the active learning paradigm
has led to a whole range of benefits, such as a higher rate of passing students, higher
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average grades and an increase in engagement and motivation towards this subject due to
the escape rooms.

Additionally, it is to be considered that the whole active learning paradigm have
been implemented in this current academic year. Therefore, some improvements may be
carried out in the near future in order to achieve better results from the students, such as
achieving a better quality in the video recordings for the flipped classrooms, adding more
problem-solving scenarios to those recordings or designing more collaborative lab scripts.

Focusing on the escape rooms, some enhancements may be geared to come up with
other plots for escape rooms to be more surprising for the students, increase the questions
within each question bank so as to avoid cheating or prepare new calculated operations
with random inputs so as to avoid students memorizing the answers.

Moreover, a new twist in escape rooms could be incorporated by changing the sequen-
tial path of the escape room to a design with shortcuts. This way, students may try to apply
some strategies related to obtaining not the highest possible mark in group tests, but the
most interesting mark according to their current position in order to advance the most. This
will minimize the time taken to traverse the whole escape room path, although the students
might or might not get the desired mark in each test. Regardless, all these enhancements
are geared for students to keep improving both students’ grades and their engagement.
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