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Abstract

Educational escape rooms are catching on when
it comes to apply active learning models into any
educational level, thus putting students in the center
of their own learning process. In this sense, the
structure of those escape rooms may be tailor made
in order to fill in different educational objectives
according to the educational level they are bound
for. In this paper, a multistage linear path escape
room design is presented in order to assess the
knowledge, skills, and attitudes acquired by students
in a course at university dedicated to an introduction
of computer science. The structure proposed is
composed of a bunch of independent stages, where
each one is composed of a series of puzzles
organized as a linear path topology, with the
constraint that each stage must be first cleared
before getting into the next one. This layout was used
to set up the assessment of our 25 students, resulting
in an improvement of their academic performance
and success rate compared to the figures obtained in
the previous year with a traditional evaluation
system, whereas the students’ level of engagement
revealed a high engagement among them.
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1. Introduction

Educational escape rooms are the application of
recreational escape rooms to the educational
environment, thus turning a gameful experience into
a pedagogical activity [1]. An escape room is
composed of puzzles, which may be organized in
diverse manners, such as a sequential path, where all
puzzles must be traversed in a linear fashion, a path-
based layout, where different paths of puzzles are
available, or diverse hybrid structures, which account
for a combination of the former in any way [2].

The use of educational escape rooms as an
assessment tool may offer plenty of advantages with
respect to the traditional written exams, where
engagement is the driving force [3], as it helps
learners promote teamwork, analytical thinking,
problem solving and communication skills [4].
Hence, the use of escape rooms as an assessment tool
may represent a game changer, as the typical anxiety

and nervousness associated to traditional written
exams may be substituted with motivation and
involvement attached to a gamifying experience [5].
In other words, students usually tend to
underperform in constraint environments, while
overperformance often takes place when they are in
more relaxed environments [6].

Many studies have been carried out in order to
assess the utility of educational escape rooms as
evaluation tools with successful results. For instance,
Moore et al. state that escape rooms added value to
the educational curriculum and proved to be a
flexible tool when applied to heterogeneous scholar
cohorts [7]. Besides, Bray et al. compiled a review
about the effectiveness of applying escape rooms to
evaluate health professional education, concluding
that it is underpinned by evidence of efficacy [8].

Moreover, Ramirez-Quesada et al. provide a
review about the efficacy of applying escape rooms
at college level so as to increase motivation in the
learning process [9]. Furthermore, van Houwelingen
et al. presented a study revealing positive effects due
to the motivational climate when playing escape
rooms [10]. Also, Brown proposes to undertake not
only escape rooms but any educational assessment in
a transdisciplinary perspective, thus integrating
different areas as psychology, technology and
statistics when designing future evaluation tools [11].

Focusing on STEM education, which is the
acronym referred to Science, Technology,
Engineering, and Mathematics, there are many
examples in the literature stating that the use of
different instances of escape rooms enhance the
results obtained in such courses. In this sense,
Mathieson et al. present an instance based on a space
station, where could be filled in with puzzles
belonging to different disciplines, such as biology or
chemistry [12]. Besides, Yllana-Prieto et al. describe
a study on a virtual instance devoted to astronomy,
where positive emotions, such as happiness,
satisfaction, and fun overcome negative ones, such as
nervousness, frustration, and worry [13].

On the other hand, Lathwesen et al. propose the
question whether the use of escape rooms in STEM
education is a prospective field or a declining trend,
where they stick to the former, even though they
point out a need for more easily adaptable instances
[14]. Likewise, Yllana-Prieto et al. present a study
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related to instances dedicated to science and
mathematics, where positive correlations are shown
in both cases when it comes to the cognitive domain,
namely academic performance, and also to the
affective domain, namely emotions, attitudes, and
self-efficacy [15].

Moreover, Pifiero-Charlo reviews
Csikszentmihalyi’s flow theory applied to STEM
education, which associates the emotional state when
carrying on a task according to both the challenge
level and perceived skills level. This way, both
variables may be represented as Cartesian
coordinates, such that high levels of both lead to get
into flow, whereas low levels of both lead to apathy.
Likewise, a high level of the former and a low level
of the latter lead to anxiety, whilst a low level of the
former and a high level of the latter lead to boredom
[16]. Likewise, Yllana-Prieto et al. refer to the
different emotional states found when undertaking
escape rooms, suggesting that motivation and
engagement is found when the type of challenges
and the perceived skills to solve them match [17].

Besides, Montesinos-Rivera et al. propose the
establishment of five phases when it comes to escape
rooms, such as innovate, train, plan, apply, and
evaluate [18]. Similarly, Bistulfi propose a
framework for applying educational escape rooms,
divided into preparatory activities in order to built up
a team and get it ready for the competition and the
main event, where each team first need to self-
organize to properly accomplish the tasks proposed,
and then, it has to self-evaluate according to the
results obtained [19].

In summary, educational escape rooms are quite
often reported to have a positive impact when it
comes to both academic performance and
engagement. This enhancement affects all areas of
education, such as those belonging to social sciences,
humanities, or STEM, and it allows to better develop
both specific and transversal competences [20].
Furthermore, the rise of digital technologies
facilitates the possibilities available for creating
diverse scenarios, such as artificial intelligence,
Internet of Things, extended reality, video games, or
serious games, although traditional methods are
widely used in the organization of scenarios [21].

In this paper, we expose the implementation of an
educational escape room as an assessment tool in a
college course devoted to introduction to computer
science, where basic notions of architecture and
technology of computers, along with the
fundamentals of programming languages are taught.

The rest of the manuscript is organized as
follows: Section 2 is dedicated to expose the
methodology employed, Section 3 is designed to
display the results obtained with the use of escape
rooms as an assessing tool, Section 4 is devoted to
present the discussion about those results regarding
academic performance, success rate, and level of

engagement, and finally, Section 5 draws the final
conclusions.

2. Methodology

As exposed above, we taught a course within an
engineering degree dedicated to explain the
foundation of architecture and technology of
computers, along with the basics of programming
languages. This course was attended by 25 students
in the first semester of the current academic year
2023-2024. In this context, we planned on
implementing an active evaluation scheme, where an
educational escape room was used to assess the
knowledge, skills and attitudes learned by students
during this course. On the other hand, we also
dictated this course in the previous academic year
2022-2023, where we used a traditional evaluation
scheme based on a written exam.

Hence, the deployment of an educational escape
room as an evaluation tool allowed us to compare the
difference between the results obtained in both
academic years according on two axes, such as
academic performance and success rate. In fact, the
incorporation of gamification activities aiming at the
improvement of both factors is a growing tendency
in the field of STEM subjects at university level [22].

Furthermore, a third axis could also be taken into
consideration as it seems to be the driving force
behind the potential academic improvements offered
by active evaluation as opposed to traditional one
[23]. Such a key point could be defined as the
engagement rate and it could be seen as a
measurement about how much the learners actively
engage with the activity and contents proposed [24].

Regarding the design of the escape room layout,
we decided to implement a multistage structure, also
known as multilevel, in a way that we decided to use
a sequential path setup, broken into multiple
independent levels [25]. The particularity of this
design in front of a purely sequential path is that the
goal in the latter is to follow the path non-stop all the
way until the end of the whole path is reached,
whereas the target in the former is to clear each level
on an independent basis before taking up the
following one [26]. In other words, each level can
only be carried out after the end of the previous one,
so in fact this layout is like a collection of
independent sequential paths.

On the other hand, the way to move through the
escape room is to keep taking a series of computer-
based exams on a Learning Management System,
specifically on our corporate version of Moodle.
Each exam was composed of ten questions taken out
of a question bank of two hundred instances of
multiple-choice selections, which appeared on a
random basis. Hence, as each question was worth
either one point or nothing, then each exam could
only be assessed with a natural number from 0 to 10,
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because every question was evaluated as either right
or wrong, thus the only possible grades were 0 or 1.

It is to be taken into account that the escape room
was to be evaluated according to the Spanish grading
system [27], as we are based in Spain. Therefore,
according to this grading system, marks lower than
5, which are located within the interval [0,5), mean
failing the exam, because the passing grade is {5}.
Otherwise, scores equal or greater than 5, which are
located within the interval [5,10], mean passing the
exam, where a grade of 10 accounts for top marks.

In this context, if the score obtained in an exam is
lower than 5, then the player does not move in the
escape room, so such a player remains in the same
place. On the other hand, if the score is equal or
greater than 5, then the player moves as many steps
within its current level as the difference between the
score obtained and the passing grade minus one,
where the passing grade is denoted as a constant
value called min.

Alternatively, it may be said that the way for a
player to move through the escape room is related to
the value of a variable i, which is initially assigned
to the score. Then, if i happens to be lower than min,
then no move is made, whereas if i occurs to be
equal or greater than min, then the player moves one
state ahead within the same level, whilst at the same
time, the value of variable i gets decremented in one
unit. After that, the new value of i is compared to
min and the this procedure is repeated over and over
again until the value of i gets finally lower than min,
or otherwise, the end of the current level is reached.

Figure 1 exhibits the structure of the escape room
reported, where four levels have been considered,
which are numbered from p, all the way to ps,
although any other number of levels is allowed.
Moreover, each level is composed of seven states,
which are labeled from s, to s, ¢ , Where x stands
for the level identifier. Hence, each state s has two
subindices separated by a comma, such as the first
one, called x, accounts for the identifier of the level
where such a state is embedded into, and the last one,
called y, does for the identifier of such a state within
its own level, which follows a sequential order.

i < min i < min

i < min
T i > min A i > min i > min A i > min
» 50,0 \30-1/ 50,6

N

i

min

,
81,
,

1

> min

i > min

Figure 1. Layout of the escape room designed

In addition to it, all levels except the last one have
an initial point called p, and a final point called
Px+1- It is to be said that the initial point of each
level has a silent step T moving to the first state of
that current level x, meaning that a player is directly
moved in the first state of such a level. Likewise,
there are end points at the end of each level, except
for the final one, where each of those end points
located at the current level x also has a silent step ©
moving to the initial point of the next level x + 1,
meaning that a player is directly moved to the initial
point of the following level, which in turn gets
moved to the first state of that new level thanks to
the silent step in the initial point. However, reaching
the end point of the final level, which is level 3 in the
design proposed herein, results in finishing the
escape room, which is represented by a winner’s cup.
Therefore, the way to advance through this type of
multistage linear path escape room is to start taking
the first computer-based exam on Moodle, and if the
score obtained gets under 5, then the player remains
in the same position. This event is represented in
Figure 1 as a loopback arrow with the legend i <
min. On the other hand, if the score is the passing
grade, which is 5 in the Spanish grading system, then
the player moves just one state ahead in the same
level. This event is represented in Figure 1 as a
forward arrow towards with the legend i = min,
which leads to the next state according to the
sequential order.

Likewise, if the score is 6, then the player moves
two states ahead within the same level, whereas three
states ahead within the same level are moved if a
player gets a score of 7. Analogously, if the score is
8, then the player moves four states ahead within the
same level, whilst fives states ahead within the same
level are moved if a player attains a score of 9.
Eventually, six states ahead within the same level are
moved if a player achieves a score of 10, which
accounts for top marks.

The behavior exposed for each score obtained in
an exam could also be expressed in an algorithmic
manner by means of pseudocode, as exposed in
Algorithm 1. At the beginning of the escape room,
the initial value for the level is x = 0, whereas the
initial value for the state is y = 0, which corresponds
to sgo. Moreover, the constant values min and
LastState are set up for the Spanish grading system,
although they could be readjusted for any other
grading system, whilst the constant LastLevel is
configured so as to have just 4 levels.

Each time a given exam is done, three variables
are involved in calculating the movement associated
in the multilevel linear path escape room, such as the
score obtained in the exam, given by i, and the
current values of level x and state y. This way, the
movement across the current level reflects the
considerations exposed in the previous paragraphs.
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Input: i,x,y
min < 5
LastState « 7
LastLevel « 3
While i > min do

yey+1

i—i—1

If y == LastState do

If x == LastLevel do

break
Else
xe—x+1
y<0
break
EndIf
EndIf
EndWhile

Algorithm 1. Pseudocode representing the behavior
of a given exam score in this escape room

It is to be noted that if a player is at the starting
state of a given level and top marks are obtained,
which is 10, then the player reaches the end point of
its current level, which automatically leads to the
starting state of the next level. Therefore, the design
of this escape room permits to clear one level in just
one move, as long as top marks are obtained, which
leads to move end to end in the escape room with
just four exams if top marks are obtained in all cases.

On the other hand, if the first exam is passed, but
top marks are not obtained, then the player gets
moved to an intermediate state of that level. Hence,
the target for the next exam is to get to the ending
point of that level, no matter the score attained
because the excess of marks after reaching the end
point of a level is not taken into consideration. That
is why this layout is considered to be formed by a
string of multiple independent levels, as movement
in two consecutive levels cannot be made with a
single exam, such that one exam only allows to move
until the last state of a single level.

This feature opens up a bunch of strategies when
facing the escape room. This way, some players may
decide to go for the minimum marks needed to reach
the end point of a level in order to get there as soon
as possible, although that plan may backfire if only a
question is answered in a wrong way. Otherwise,
other players may decide to go for the maximum
marks no matter how much they need to get
promoted to the next level so as to assure the
clearance of the current level.

Obviously, any other possible master plan could
also be followed in between the two options
described, where the former could be considered as a
risky option and the latter could be labeled as a
conservative option. Nonetheless, it must be taken
into account that the more questions are asked in an
exam, the more time is needed to ask those
questions, even though the more certainty is

achieved in securing the necessary marks to get
promoted into the next level.

Eventually, the goal in this escape room is to get
it done in the shortest possible time, as it accounts
for top marks for the quickest player, whilst high
marks are granted for those clearing it within a tight
time constraint. Likewise, those players clearing it
within a loose time constraint obtain passing marks,
whereas those not being able to clear it in a timely
manner will fail. Furthermore, it is to be noted that
we considered one hour as the tight time constraint
and one hour and a half as the loose time constraint,
although those benchmarks could be adjusted to fit
other time restrictions.

3. Results

To start with, it is to be noted that the number of
students in the previous academic year in this course
was 24, while the amount of scholars in the current
academic year within the course was 25, hence the
values obtained from both courses are comparable. It
is to be reminded that traditional evaluation was
undertaken last year by assessing scholars with a
written exam, whereas active evaluation was
considered this year by deploying the escape room.
Having said that, on the one hand, Table 1 exhibits
the average final grades obtained by the students in
both academic years, along with the percentage of
increase between them.

Table 1. Average academic performance

2022-2023 2023-2024 Average mark
average marks average marks variation
6,79 7,60 12%

On the other hand, Table 2 exposes the success
rate achieved by students in both academic years,
along with the percentage of increase between them.

Table 2. Success rate

2022-2023 2023-2024 Success rate
success rate success rate variation
18/24 =0,75 22/25=0,88 13%

4. Discussion

According to the literature, the use of educational
escape rooms in STEM-related subjects provides an
increase of around 15% in the academic performance
of learners [28]. If this rate is compared to the
average mark variation exposed in Table 1 above,
which is 12% between the marks obtained in the
previous and the current academic years, it may be
said that the rise obtained herein is pretty coherent
with the increase rate seen in the literature.
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Analogously, the literature provides an increase
of around 20% in the success rate when introducing
educational escape rooms in STEM-related subjects
[29]. If that rate is confronted to the success rate
variation exhibited in Table 2 above, which is 13%
between the success rates achieved in the previous
and the current academic years, it may be stated that
the rise achieved herein is fairly coherent with the
success rate viewed in the literature.

Additionally, we measured the level of
engagement of learners by means of the ISA
engagement scale [30]. This type of measurement
was not undertaken in the previous academic year,
even though we considered to carry out such a
measurement in the current academic year in order to
check the impact of the introduction of educational
escape rooms as an evaluation tool.

It is to be noted that the ISA engagement scale
associates engagement to three dimensions, which
are intellectual, social and affective. Such
dimensions are estimated by means of three standard
questions for each one, which are all rated on a 7
point Likert-type score according to the perspective
of each student. Afterwards, the average of the
questions related to each dimension for all students is
calculated, thus providing the values of those three
facets of engagement, and finally, the average of
those facets gives the overall level of engagement.
Therefore, if the engagement values for each facet
and overall is at least 6, then it is considered a high
level of engagement, which is the expected outcome.

The Table 3 provides the three standard questions
for each of the three dimensions, which could be
fitted into an educational environment, or any other
area, although the ISA engagement scale was
originally created for working environments, and that
is the reason why the nine standard questions of the
ISA engagement scale specifically refer to work
[31]. Nonetheless, many studies in the literature
consider this scale as appropriate for measuring the
level of engagement in educational environments
[32].

Table 3. The ISA engagement scale

Dimensions | Questions
Intellectual | focus hard on my work.
engagement | | concentrate on my work.
| pay a lot of attention to my work.
Social | share the same work values as my
engagement | colleagues.
| share the same work goals as my
colleagues.
| share the same work attitudes as my
colleagues.
Affective | feel positive about my work.
engagement | | feel energetic about my work.
| am enthusiastic in my work.

With respect to the three dimensions, it is to be

said that intellectual engagement refers to the degree
of intellectual absorption that students experiment
when carrying out a particular task, whereas social
engagement refers to the degree of feeling socially
connected that scholars experiment towards their
peers when doing a particular task, whilst affective
engagement refers to the degree of positive feelings
experienced that learners experiment when
undertaking a particular task. Additionally, the level
of engagement overall is obviously the average of all
three dimensions or facets of engagement [33].

The average results for each dimension and
overall are shown in Table 4.

Table 4. Level of engagement achieved with ISA scale

Intellectual Social Affective Overall
engagement | engagement | engagement | measure
6.22 6.43 6.51 6.39

Looking at the results obtained in the ISA
engagement scale, it appears that the level of
engagement is high for all facets, as the related
scores are above 6. However, the intellectual one
obtained the lowest score, whilst social and affective
facets achieved quite similar values. Those results
could be explained by assuming that scholars feel a
bit more motivated by the overall gaming experience
and the competence among teams than the cognitive
motivation. Additionally, the affective facet achieved
slightly higher outcome than the social one, which
may be explained by assuming that the gaming
environment gets scholars a bit more motivated than
the competence among their peers.

Anyway, those levels of high engagement seems
most likely the key factor so as to explain the
outcome achieved in academic performance and
success rate, as it has been pointed out in the
literature cited above. This way, learners work harder
in order to perform better in the escape room, which
leads them to attain better grades whilst having fun.

5. Conclusions

In this paper, a design for a model of educational
escape room as an assessment tool has been
presented. The structure proposed is a variation of a
sequential path model, even though it is made of a
collection of multiple independent levels. This way,
each level is composed of a string of puzzles
interconnected as a sequential path, although each
level must be cleared before being promoted to the
next one within the structure of the escape room.
Eventually, the goal is to clear all levels as soon as
possible in order to the higher marks, where puzzles
forming the different levels of the escape room are
set up according to meet the educational objectives.

This type of escape room was used as an
assessment tool in a college course devoted to
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introduction to computer science, which was held in
the first semester of the current academic year,
namely 2023-2024, with a number of 25 respondents.
The outcome attained have been confronted to those
attained by the 24 scholars attending the same course
in the previous academic year, namely 2022-2023,
whose evaluation was done with a written exam.

The results obtained with the active evaluation
paradigm in the current year, namely the escape
room, achieved a better academic performance of
12% above the outcome attained with the traditional
evaluation in the last year, namely the written exam.
Likewise, the results obtained with the escape room
in the current year achieved a higher success rate of
13% above the figures attained with a written exam.
Those figures were pretty similar to those quoted in
the literature for STEM courses.

Additionally, the ISA engagement scale was used
in order to measure the level of engagement of
scholars when taking part in the escape room. The
values obtained for the three dimensions accounted,
namely intellectual, social and affective, were all
above 6, meaning a high level of engagement.

Finally, a high level of engagement is considered
in the literature as the driving force to improve both
academic performance and success rate when
applying escape rooms as an evaluation tool, and the
results obtained herein prove it right.
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