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Abstract: In this manuscript, schoolchild mathematical competencies have been assessed by using
educational gamification methodologies; specifically, Educational Escape Rooms (EER). To ease
the interpretation of results, Spanish schoolchildren trained by using two different methodologies
(ABN and CBC) were selected to participate in the experience. The gamified environment used as
assessment tool was co-designed by trainee teachers, on-service teachers, and university researchers.
The design was implemented in different educational centers and the results were transcribed to
deliver a didactic analysis. Among the findings of this study, we uncovered: (i) the reduction of the
math anxiety, (ii) the different performance of the schoolchild involved—ABN students show an
additional and positive 10% development of certain mathematical competences—and (iii) a positive
didactic-mathematic development of the participant trainee teachers.
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1. Introduction

Each academic year, thousands of students initiate a new educational stage in the
frame of a highly qualified and strongly competitive working market. Because of this
environment, the educational system has been forced to make changes on how teaching is
delivered to the students. Therefore, education in the 21st century is not only focused on
creating rational, critical citizens but is also focused on developing specific abilities, which
are required in the 21st century working market. Consequently, formative institutions
are fitting their educational projects to adjust to the new, changing realities of the 21st
century world.

Among the key abilities required for the 21st century labor market we find problem-
solving skills [1], which requires of two major competences: observation and critical
thinking skills. The observation skill refers to collecting data, understanding, and inter-
preting the meaning of the information using all the senses. Critical thinking involves
the individual’s ability to do the following: conceptualizing, logical reasoning, applying
strategy, analytical thinking, decision making, and synthesizing to solve any problem.

However, in the formative/educational context, most educational institutions still
focus on the mechanization of abilities. As a response to this reality, innovative method-
ologies have been proposed to boost some of the key elements for the development of the
problem-solving skills (particularly numerical thinking). In the frame of Spanish-speaking
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educational systems, one of such innovative methodologies is the ABN method [2] (Open
Number-Based, by its Spanish acronym); which has been widely compared [3] to the more
conventional and wide-spread CBC method (Closed Digit-Based, by its Spanish acronym).

In this regard, if problem-solving skills are significant, the way these skills are assessed
is no less so. In fact, assessing is one of the main roles of the mathematics teacher [4], and
the way assessment is delivered might have an impact on the performance of the students
themselves. Indeed, it has been already demonstrated that evaluation is the most common
cause of mathematics anxiety [5] for all age groups [6]. Thus, the literature concludes [7]
that traditional forms of evaluation have obvious limitations:

• Traditional evaluation does not consider the growth and development of students and
can limit their progress.

• It can be frustrating: traditional evaluation pushes educators to accurately summarize
student achievement with simple numerical grades and a few words of condensed feed-
back.

• The assessment of students’ higher order thinking skills (problem solving, attitudes,
and other skills) cannot be easily quantified by a simple numerical grade.

• Most traditional assessment systems do not involve discussions, class-projects, and
other programs designed to encourage students to deliver materials, products, or
other content which could be used by the teacher to observe, measure, and track the
students’ knowledge.

Therefore, it is convenient to propose new ways for evaluating the abilities of interest
previously presented. Furthermore, it has also been demonstrated that mathematics anxiety
has its own specificities and can be treated by modifying the way in which students are
assessed [8]. In this regard, a written exam can be stressful for anyone taking it; thus,
contributing to the increase in mathematics anxiety and affecting the students’ performance.
In this regard, it has been suggested that “ . . . there is simply less worry ( . . . ) when
facilitating a level playing field during exams” [8]. By utilizing these precedents, the
present study proposes exploring new forms of evaluation using game-based learning
methodologies that, because of the similarities with problem-based learning strategies [9],
allow the creation of more suitable learning and assessment scenarios in terms of context,
resources, and content to be evaluated [10].

To this end, we propose using educational gamification strategies to assess mathemati-
cal competences related to numerical thinking. In order to give meaning to the previously
presented discussion, the proposed experience was implemented in educational institu-
tions that used different math-teaching methodologies (ABN and CBC, respectively). We
choose to compare both methodologies because it has been demonstrated that mathematics
anxiety also is closely related to arithmetic-related abilities [11]. So, the way in which such
abilities are developed should also be considered a matter of research. Finally, as trainee
teachers’ instructors, we are conscious of the historical difficulty and bad relationship with
mathematics (sometimes addressing mathematics anxiety) that future teachers have. So,
we proposed a way for trainee teachers to interact with in-service teachers by co-designing
gamified assessing tools, so that the evaluation of the mathematical competencies becomes
accessible for all (trainee teachers and primary school students). Our hope is not only to
provide trainee teachers with a picture of what the mathematical competencies are but also
to influence the future educational context (emphasizing that the focus should not be on
the mechanization of abilities but on the development of problem-solving skills).

Summarizing, this study aims to test the efficiency of gamified methodologies (edu-
cational escape rooms, in our case) to assess the mathematical competency. To ease this,
students taught with different methodologies (ABN and CBC), which are supposed to
present different problem-solving skills, were selected. The final application of this study is
to provide alternative evaluation tools that do not increase math anxiety of students. The
aims are listed as follows:

• 1—Exploring the possibilities and limitations of alternative assessment methodologies
based on games.
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• 2—Using educational gamification methodologies to assess mathematical competences
related to numerical thinking.

• 3—Discussing the relation between arithmetic-related skills and the algorithmization
methodology (CBC vs. ABN)

• 4—Promoting future teachers’ professional knowledge and skills, particularly those
related to assessment of the mathematical competencies.

2. Background and Framework

In the frame of Piaget’s theory [12–14], children aged 7 to 11 are expected to remain
in a “concrete operational stage” from a cognitive point of view, evolving to a formal
operation stage at ages 12 and up. So, in the context of this theory, mathematical cognition
is developed by physically interacting with the environment, discussing with peers, and
delivering generalizations about the experience (i.e., the mathematization of the environ-
ment). This perspective has been more recently detailed by Clements and Sarama [15],
who, in summary, suggest a learning trajectory with a progressive abstraction process by
starting with concrete experiences.

However, it has been found [16] that teachers tend to teach arithmetic-related knowl-
edge from a purely abstract perspective (i.e., not supported by concrete experiences or
manipulatives). However, a mathematics teacher should make an effort to provide a context
to the knowledge [17]. In this regard, a mathematician does not communicate results as
they are found. Rather, they reorganize such results, modify them in a general manner, and
deliver knowledge with a communicable, decontextualized, depersonalized, and timeless
structure [18].

On the other hand, Brousseau’s theory (as cited in the literature [4]) states that the
teacher should first carry out inverse work through the repersonalization and recontextual-
ization of knowledge—by giving meaning to the knowledge to be taught through contextu-
alized situations. If the personalization phase has worked properly, then students should
not know that they have “produced” new knowledge that will be applicable to other situa-
tions. To transform their answers into knowledge, they must, with the help of the teacher,
personalize and contextualize the knowledge that they have produced in order to recognize
something general and universal in what they have achieved (reusable knowledge).

2.1. The Mathematical Competence

Mathematical competence was defined in the European Recommendations for Learn-
ing [19] as “the ability to develop and apply mathematical thinking to solve a range of
problems in everyday situations” and is considered of key importance for lifelong learning
within European countries. There are several approaches to studying and modeling mathe-
matical competences. Here we will present two wide-spread and well considered models
as the basis of our own analysis model.

The first model to be presented is that of Niss [20], who presented mathematical
competencies as essentially being cognitive constructs. In doing so, Niss argues that the
significance of the affective, dispositional, and volitional factors of mathematical mastery
and learning were not disregarded, but he considered that these factors were of a different
nature to the ones taken into account in his framework. Niss ([20], p.20) states that:

“( . . . ) the core of a mathematical competency is the enactment of mathematics
in contexts and situations that present a certain kind of challenge. In other words,
a competency focuses on aspects of actively doing mathematics. In contradis-
tinction, knowing mathematics means to be in possession of factual knowledge
about mathematical definitions, concepts, results (propositions and theorems),
algorithms, formulae, theories and so on and so forth”

A visual representation of the eight mathematical competencies described by Niss is
presented in Figure 1a.
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Figure 1. (a) A visual representation of the eight mathematical competencies described by Niss
(extracted from [20]) and the five strands (b) of Kilpatrick’s robe model (adapted from [21]).

On the other hand, Kilpatrick’s vision of the mathematical competence [21] uses the
term “proficiency” because it should include not only skill and understanding but other
qualities as well. He uses the metaphor of a rope woven of strands, with the five strands
to be developed in concert and not one before or after the other. The rope model (see
Figure 1b) could then be used to define learning goals for all students, and a variation of
the model could be used to discuss proficiency in teaching. Kilpatrick [21] states that:

“These strands—interwoven and interdependent—describe a set of knowledge,
skills, abilities, and beliefs based on a body of research in cognitive psychology
and mathematics education (and build a picture of a mathematically proficient
student)”

So, Kilpatrick’s model considers “emotional” factors but pays less attention to specific
knowledge/procedural items. A combination of both visions allows an accurate catego-
rization of the authors’ own vision of the mathematical competence. Such a perspective
is summarized on a visual representation of this model (presented in Figure 2a), which
would be composed by:
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Figure 2. A visual representation of (a) the mathematical competencies considered in this study and
(b) the professional competencies of a mathematics’ teacher (adapted from [10]).

• Thinking and reasoning: being able to relate to and pose the kinds of generic questions
that are characteristic of mathematics and relate to the nature of answers that may be
expected of such questions. This competency involves both constructively providing
the justification of mathematical claims and critically analyzing and assessing existing
or proposed justifications.
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• Modelling: being able to develop mathematical models and to critically evaluate and
analyze proposed models.

• Strategy development: being able to formulate, represent, and solve mathematical
problems within and across a variety of mathematical domains, as well as being able to
critically analyze and evaluate one’s own and others’ attempted solutions to problems.
This competence also involves the ability to carry out procedures flexibly, accurately,
efficiently, and appropriately.

• Language: this ability involves the use of mathematical symbols, formalisms, and
communication. This competence is related with the ability to deal with mathematical
symbols, symbolic expressions, and transformations, as well as with the rules and
formalisms that govern them. This skill is also related to the ability to engage in
written, oral, visual, or gestural mathematical communication, in different genres,
styles, and registers.

• Use of tools: This competency focuses on dealing with material aids and tools for
mathematical activity, ranging from concrete physical objects and instruments, spe-
cially designed papers and charts, to a wide spectrum of digital technologies designed
to represent and facilitate mathematical work.

• Productive disposition: The regular inclination to see mathematics as rational, practical,
and beneficial, accompanied with a belief in constancy and one’s own performance.
This competence also involves the resiliency to errors and mistakes and the ability to
learn from them.

2.2. Didactic–Mathematic Knowledge and Teachers in Formation

TEDS-M’s recent report [22] highlights worrisome data: in-service teachers’ specific
lack on mathematical and didactical knowledge. As the cited report states, the lack of teach-
ers’ professional competence also influences students’ skill to codify, handle, and depict
mathematics in a variety of contexts [23]. Therefore, trainee teachers should have specific
academic educations in mathematics (the TEDS-M report evidenced that countries with
a specific teacher academic education in mathematics demonstrate better performances).
As a first step of this specific academic education, we proposed a mentoring program
to co-design didactical situations in touch with in-service teachers and schoolchildren.
The co-design approach is used to conform innovative assignments jointly developed by
in-service schoolteachers, students, and the authors of this manuscript (researchers and
lecturers at a University). As the literature states [24], a participatory design process should
be based on a question to be solved, whose treatment could be supported and enhanced
using virtual learning networks. With the aim of respecting such principles, the procedure
carried out in this research involved the creation of a small “designer team” (comprising
three students). To enhance the process, such a “designer team” should be involved in the
creation of problems, activities, tasks, tests, narratives, etc., which are considered when
designing an Educational Escape Room (EER).

This methodology constitutes a service-learning approach, i.e., an experiential edu-
cation approach that is premised on “reciprocal learning”, suggesting that since learning
flows from service activities, both those who provide the service and receive it “learn” from
the experience [25].

Finally, the specific competencies of the trainee teachers were analyzed by using
a simplified model based on the discussions presented in the literature [26], which has
been already successfully applied to similar experiments [10]. The selected model is
schematically presented in Figure 2b. The professional competencies here analyzed consider
the two key aspects of professional knowledge: mathematical and didactic knowledge.

2.3. Algorithmization and Methodologies

Algorithmizing is the process of converting an informal description of a procedure into
a collection of ordered steps that solve a mathematical problem, i.e., a precise step-by-step
plan for a computational procedure that possibly begins with an input value and yields
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an output value in a finite number of steps. It is related to the mathematical competencies
of mathematical language, thinking, reasoning, and strategy development (as presented
in the previous section). To develop the early “algorithmization” skill, the two main
methodologies wide-spread in the Spanish educational system are described as follows:

2.3.1. The CBC Method

CBC is the Spanish acronym for “closed, based in digits”, and is coincident with the
traditional U.S. algorithm. Concerning the U.S. algorithm, many published studies have
reported the effectiveness of this algorithm, concluding that “traditional algorithms do
not encourage students’ autonomous thinking, since they are based on memory processes
and certain predetermined steps” [27]. However, this algorithm is by far the most used
and wide-spread in the Spanish educational system. Indeed, the traditional U.S. algorithm
used for addition and subtraction is powerful, elegant, efficient, yet simple. It requires little
understanding of mathematics beyond single-digit calculations and an ability to memorize
a set of procedures. Historically known as “shopkeeper math”, the U.S. algorithm was used
widely by early merchants who did not need any depth of mathematical understanding.

Figure 3 shows an example of each basic operation when using the CBC algorithm.
The algorithm for each operation on the traditional U.S./CBC algorithm requires proper
digit alignment and works as follows:
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• Addition: The traditional method computes two numbers by adding their single digits
from right to left. If the sum of the digits is greater than 9, then a carry-over occurs.
The carry-over is placed over the next digit group. The carry-over is then included in
the next groups sum.

• Subtraction: The minuend and subtrahend are stacked vertically with place values
aligned and the digits in each column are subtracted, working column by column
from the right. If a digit in the subtrahend is larger than the corresponding digit in the
minuend, then a 10 is “borrowed” from the next column to the left.

• Multiplication: First, the two numbers are aligned so that the places are in the same
column. Next, the value of the multiplier is multiplied to each digit of the multiplicand
by its place. The results are aligned based on their places and added to obtain the
final product.

• Division: Perform division requires the construction of a tableau. The divisor is
separated from the dividend by a vertical bar and the dividend is separated from the
quotient by an overbar. The steps are as follows: Take the first digit of the dividend
from the left. Check if this digit is greater than or equal to the divisor. Then divide it
by the divisor and write the answer on top as the quotient. Subtract the result from
the digit and write the difference below. Bring down the next digit of the dividend
(if present).

Detractors of the CBC algorithm argue that students using this algorithm might lose
their number sense (as students are able to operate with no understanding of the place value
of numbers). Indeed, the main argument is that “Memorized procedures send the wrong
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message to young mathematicians, who will become the future’s innovators and problem
solvers” [28]. Furthermore, this algorithm leaves no freedom for students to explore ways
to solve the operation and is based on memory process and predetermined steps.

This algorithm is based on the abacus and, while it can be taught in a meaningful way,
mathematics teachers tend to teach decontextualized mathematics [22], so that students
perceive mathematics as useless knowledge which operates as a black box; thus, inducing
a lack of interest [4]. In fact, children tend to abandon their own efforts to make sense
of mathematics when they are introduced to a systematic procedure and, in the process,
lose the opportunity to flexibly compute and comprehend the strategies of others. The
significant work of Kamii et al. [29] found that the rote learning of traditional algorithms
can actually interfere with a child’s development of number sense. However, this algorithm
could be preferred by a person who likes procedures or patterns.

2.3.2. The ABN Method

ABN is the Spanish acronym for “Open, based in numbers” [2], and its algorithm is also
known as the box method or the grid method. This algorithm works by breaking a number
and rearranging it in a grid. The associated methodology is widely used in elementary
schools, serving as starting point for elementary students because breaking down numbers
is a more logical approach. It is based on the “expanded methods” designed to support
children by offering connections between mental processes and written algorithms [30].

This method can be defined as a calculation and problem-solving routine, with some
specific characteristics [31]. It works on numbering as the basis for mathematical learning
and support for calculation and problem solving. The ABN method is expected to promote
natural and open learning through which students can solve operations and problems in
different ways, considering the individual progress of each student. On the other hand, the
ABN method is based on the “Realistic Mathematics Teaching” (RMT) approach created
through the ideas of Freudenthal (as cited in the literature [32]). So (if well conducted), it
trends to result in the meaningful understanding of mathematical operations.

Figure 4 shows an example of each basic operation by using the ABN algorithm. The
algorithm for each operation on the box/grid/ABN algorithm works as follows:

• Addition: The basic idea of the addition is to accumulate one addend with the other.
Once fully accumulated, the new addend provides the result.

• Subtraction: In subtraction, three different basic models are used, the “descending
or ascending ladder format” being the most common. This format only uses two
columns. In the first, the partial amounts are collocated. In the second, the progress is
represented until the desired amount is obtained.

• Multiplication: The first step is to break down the numbers as a sum of numbers.
Afterwards, these addends are arranged in a grid and each addend is multiplied by
another. Finally, all the results inside the box are added to obtain the product.

• Division: Division allows different adaptation levels and the breakdown of the cal-
culations. This algorithm consists of three columns. The first, on the left, represents
the total amounts to be distributed. The second, in the center, represents the accurate
distribution of the amounts. The column on the right represents the partial quotients.
The sum of these represents the total quotient and the amount in the first column is
the remainder.
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Detractors of this methods argues that the solution process is slower than the tradi-
tional method and requires additional skills to solve operations (which should be con-
sidered when attempting straightforward operations). However, this algorithm could be
preferred by someone who wants a more logical approach to solve operations.

2.4. Assessment by Educational Games

In connection to the previously discussed mathematical competency, assessment
in modern education is understood as a form of diagnosis and control, rather than the
traditional vision of classifying and qualifying students. The diagnosis makes possible the
identification, discrimination, understanding, and characterization of the factors that trigger
learning difficulties. Therefore, the main purpose is to identify and record shortcomings in
the development of the teaching–learning process, so that such leaks can be fixed through
the systematic monitoring and by maintaining teacher–student interaction. On the other
hand, the “classification” function of the assessment is mainly focused on classifying of a
student according to the level of achievement reached in comparison with, for example, the
class group. Corresponding to these functions, three types of evaluation are distinguished:

• The diagnostic evaluation: which implies an evaluation “at the beginning of the
course”, with the intention of verifying whether the students have mastery of the
prerequisites needed. The purpose of the diagnostic evaluation would not only be
an instrument to determine “pass or fail” but be a tool which can be used to define
adequate references for learning.

• The formative evaluation: which is the control function that is carried out throughout
the course to verify whether the students are reaching the foreseen expected objectives.
It is mainly through this type of evaluation that the student knows their errors and
finds stimuli for systematic study. Formative evaluation is connected to feedback
procedures mechanisms since it allows the detection and identification of deficiencies.

• The summative evaluation: which occurs after the action (that is, after the results have
been recorded). This is usually a time-specific evaluation, such as one carried out at
the end of a teaching unit, trimester, semester, or cycle.

According to the definition of formative evaluation, it can take various forms as long
as certain principles are recognized and respected (the detection of deficiencies, feedback,
etc.). It is easy to export these principles to a gamified system where players are monitored
and their progress is tracked. On the other hand, a common complaint from students is
that the evaluation is usually delivered too late and perceived as very slow (it takes place
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at the end of the academic year). In contrast, in the world of gaming, live evaluation is in
the very essence of the method.

Assessment principles for gaming have been widely discussed in the literature [33],
and it is well known that the specific shape of the “triangle of assessment”—cognition,
tasks, and context [34]—depends on the type of game. In this regard, tools for evaluating
mathematical competencies by using games have been already designed by using commer-
cial games [35]; so, there is no novelty in using games to evaluate mathematical competence.
However, most of these assessment methods are based on digital tools and board games (as
far as the authors know), while the use of educational escape rooms to assess the mathemat-
ical competencies is still a novel topic. Indeed, educational escape rooms have recently been
evidenced to be powerful vehicles for teaching mathematics [9,36]; but little to no research
has been focused on educational escape rooms for mathematical competence assessment
purposes. To prove this, we used the Scopus database, looking for “mathematics” + “escape
rooms” in article titles, abstracts, or keywords with their contents specific to learning, teach-
ing, and assessment (we also used “evaluation” in order to consider synonyms). Results
are shown in Figure 5, where a clear lack of research regarding assessment is evidenced.
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Figure 5. Published documents by year (Scopus database) with the “mathematics” and “escape
room” words on their titles, abstracts, or keywords. Each color introduces a new search parameter:
evaluation, assessment, learning, or teaching.

So, in the authors’ opinions, there is room for research on the use of educational escape
rooms to assess mathematical competencies. Furthermore, we consider that the specific
characteristics of educational escape rooms [37] (in terms of isolation, dynamism, commu-
nication, performance, and more) have a positive impact in terms of formative outcomes.

3. Materials and Methods

In this section we present the research methodology, which includes the set of tech-
niques and methods used to carry out the planned research tasks. In this study, we deliver
a case study of the use of gamified learning scenarios proposed as a tool with which to
carry out a formative and contextualized evaluation.

3.1. Formative and Contextualized Evaluation: The Educational Escape Rooms (EER)

To carry out a formative and contextualized evaluation, we proposed the creation
of an immersive scenario in which students could be actively involved. To this end, we
decided to use an educational escape room game model. Such a methodology has already
been demonstrated as a valid vehicle for teaching/learning mathematics (as shown in
Section 2.3). In this environment, a group of students are locked in a room in which they
will have to unravel a narrative that will connect the different tests and questions in order
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to obtain the key that allows them to leave the abovementioned room within a certain
timeframe. In this scenario, the students should remain isolated from the outside world;
however, they have radio-communication with the outside world (in this case, the outside
guidance was provided by both the researcher in charge of this document and the in-service
teacher of the students involved). The interventions were monitored by video and audio,
with hidden cameras placed in the room. Thus, a monitoring and feedback mechanism was
created, recording students’ errors, and creating a stimulating environment that motivates
the student to continue striving to overcome their deficiencies.

The activities of the room were designed to take 45 min of work, comprising three
major connected activities (minor activities, with no mathematical relevance, were also
used in the EER to boost motivation). The first activity was used to introduce the narrative
of the room, as well as to present the skills required to unravel a conventional escape room.
So, this first activity was not used to assess the mathematical competence but to teach
students how the game works in terms of mechanics, materials, communication, and other
inner dynamics.

Once the first activity was solved, students obtained the first digit of a 3 digit code
that would be used to open a padlock and obtain the key that opens the room. The second
and third activities should be solved in a specific order, because the third activity provides
paper and pencil (and the second activity was designed to test mental calculation). The
narrative of the room guides the students to the right sequence, all the activities should
be solved to obtain the access code to the final key that unlocks the room. The experience
was designed to specifically assess mathematical competencies related to algorithmization,
mathematization of situations, mind calculations, and number sense.

Activity 2 consisted of reproducing a pyramidal pattern, extending the pattern to
11 levels, and then providing the total number of cubes used to build the 11-level-tall
pyramid (see Figure 6a). Students were provided with a set of 300 cubes, which were less
than the amount needed to build the 11 levels, so that strategy development and mental
calculation was expected to be mobilized. The total number of 506 cubes that would be
used to build the final pyramid provided a code that was used in the game.
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Figure 6. Activities (with mathematical content) in the educational escape room. (a) Activity 2,
showing the pattern used to build the pyramid. Students had to continue the pattern until 11 levels
were reached and deliver the number of cubes used. Different colors are used ease the relation of each
pyramidal level to the number of cubes used to build an specific level. (b) The “puzzle enlargement”
activity as presented by Brousseau [38] (p. 177).

Activity 3 comprised a minor adaptation of the “puzzle enlargement” activity designed
by Brousseau [38]. Minor modifications to fit to the narrative were made, in this case, the
enlargement of the figure makes the vertex coincide with specific locations on a map. As
the original figure was smaller than the provided map, students were invited to enlarge
the original figure through following a single clue: “The segment that measures 4 cm on
the model will measure 7 cm on your reproduction. I shall give a puzzle to each group of
four or five students, but every student will do at least one piece or a group of two will
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do two. When you have finished, you must be able to reconstruct figures that are exactly
the same as the model” (see Figure 6b). As students were provided with scissors, pencils
papers and rulers, this activity was designed to be the last of the experience. In this case,
the calculations involve a multiplication with decimals (so pencil and paper could be used
to aid in the calculation). The enlargement factor of 1.75 provides a code to be used in
the EER.

3.2. Data Collection and Analysis Method

The data collection was carried out by audio and video recording, with several hid-
den cameras located at key points of the learning scenario. Students were recorded by
hidden cameras in two different spots of the room (so that no area was out of view), re-
sulting in audio and video data of each experience. Immediately after the experience,
students were asked about the educational escape room content (in terms of joy, difficulties,
and knowledge).

A transcription of the experiences was made so that didactic analysis methodology [39]
could be applied to extract the information needed to determine the degree of activation of
certain skills and knowledge.

Didactic analysis is a familiar denomination used in didactic aspect of mathematical
research and it includes a set of notions and mechanisms of analysis commonly used
by research groups. Here, Font’s model [40] has been used to analyze conceptual and
procedural aspects (because of the agreement between our research and the criteria behind
Font’s model [41]). Additionally, a brief analysis of the didactic suitability of the formative
process has been carried out using a model [42] that agrees with Font’s (sharing the
same archetype). Aside from this didactic analysis, the schoolchildren were interviewed
immediately after each experience. A competency rubric, designed following Miller’s
pyramid, was used to assess the mathematical competence of students (provided in ANNEX
1, see Supplementary Materials).

The experiences were designed as pilot experiments and were implemented during
the year 2021 in three educational centers (two schools and one college) in the Spanish
province of Cadiz; with the participation of a total of 56 students from the 6th year of
Primary Education (approx. 12 years old) and 25 students from the first year of ESO
(approx. 13 years old). The educational centers were selected based on a clear distinction
in the teaching methodology applied to the development of numerical and arithmetic
thinking. The teams of players were composed of between 4 and 6 students grouped
heterogeneously. The sample was composed of 23 ABN students and 58 CBC students.

Regarding the trainee teachers involved, three student teachers participated in the
mentoring program (two of them were 4th year students undertaking a primary education
degree and one of them was a student in a secondary education Master’s degree). They
contacted in-service teachers due to the internship stage and used the opportunity to
identify common difficulties. The design of the implemented experience was an agreement
between the three student teachers, the in-service teachers, and the university researchers.
These student teachers were assessed by using a competency rubric (provided in ANNEX 2,
see Supplementary Materials); furthermore, the results of their cooperation in the mentoring
program were included in their final degree theses and evaluated by a committee.

Online and face-to-face meetings with the researchers in charge (authors of the
manuscript) were scheduled in order to provide feedback to the students. Moreover,
virtual meetings with in-service teachers at the school were also scheduled to verify that
the designed EERs fit their needs, as well as to plan different implementations. The activi-
ties presented in this manuscript were co-designed by the researcher in charge and by a
group of student-teachers at the University of Cadiz as part of a mentoring program that
has already delivered good results in terms of the promotion of professional skills and
knowledge [10].
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4. Results and Discussion

Due to extension limitations, we focused the study on the analysis of only three
transcripts of the relevant activities that composed the whole EER. The selected transcripts
were representative of most of the groups. Finally, due to the composition of the sample,
the experience was delivered to 5 ABN groups and 12 CBC groups of 4–5 students.

4.1. Solving the Pyramidal Pattern

In this section we present a transcription of two selected experiences (which are
representative of the whole experience) of how students solved the pyramidal pattern
presented in Figure 6a in the frame of the educational escape room. An extract of the
students’ conversation is presented in each section. It should be noted that students were
not provided with pencil and paper to carry out the involved calculations.

A fragment from the conversations of one of the game groups is here presented, these
dialogues take place just after having read the card corresponding to the activity (all the
players begin to handle cubes to assemble the pyramid).

4.1.1. CBC-Instructed Students

1. S1: (Giving instructions) We have to assemble eleven.
2. S2: (Joining cubes, once having built 5 floors) But it has to be with less cubes . . .

because it has to be like that (points to the draw).
3. S1: No, it’s even bigger, it’s up to eleven.
4. S3: (After a few minutes) It’s just that we have not enough, there are no more cubes.
5. S2: Still two floors remaining, we will have to make it bigger.
6. S1: Oh look! . . . we already have nine floors (dismantles the pyramid), so we are

missing these two floors (builds floors 10 and 11).
7. S3: (Consulting by radio) I think that we miss some cubes, we have not enough.
8. GM: (Confirming that they have understood the activity correctly) That is what the

game consists of: deducing the number of cubes that you would have to use.
9. S1: Wait, I’m trying!
10. S2: Maybe you have to skip those floors.
11. S3: It’s just that you don’t have to do it that way, it’s a pyramid and that’s not a

pyramid (referring to the fact that only floors 10 and 11 have been built).
12. S2: (Checking on the radio) This is impossible!
13. GM: No, it’s not impossible. You must think. Let’s see, how many cubes do you have

now assembled?
14. S1: (After a while, by radio) I had counted 221.
15. GM: Ahm, and what do you plan to do now?
16. S1: Well, build up to 9 and count, right?
17. GM: Try and tell me.
18. S1: (Assembling the pyramid up to 9 levels) I think I got it.
19. S4: But there are leftover cubes.
20. S3: It’s okay, it’s a pyramid.
21. GM: How many cubes do you have?
22. S1: Ugh . . . wait (disassembling and counting, they make a mistake in the count and

have to reassemble and recount) 285 cubes.
23. GM: Well, what do you plan to do now?
24. S1: Add with those from before.
25. GM: How many were there?
26. The students do not remember the number of cubes corresponding to floors 10 and 11.

To prevent frustration, after a moment of pause, we provide the number by radio.
27. S2: Oh ok, so it’s 285 + 221.
28. S3: I have already understood.
29. S4: Done! (claps his hands).
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30. Having no paper support to carry out the operation, they submit (by radio) quantities
more or less close to the solution, waiting for radio confirmation.

31. GM: I’m not going to confirm the result. You have a lock to enter the result and check
if it is correct.

32. The students manipulate the lock for a few minutes. The conversation is incompre-
hensible (they are all talking at the same time and wearing COVID-19 masks), but the
recorded video indicates that they try several times by entering numbers close to the
solution (506) until the lock opens.

Most of the CBC groups (10/12) attempted to solve the activity exclusively in a
manipulative way. That is, by building the 11-level pyramid and counting the cubes which
compose it (since they had enough cubes to build up to the 9-level pyramid, this procedure
was slow but feasible). Even so, approximately half of the groups of players involved (5/12)
failed to physically build the pyramid (as presented in Figure 7b) by not identifying each of
the floors of the structure as squares.
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In the conversation (lines 1–3), it can be seen how some students do not understand
what is asked in the problem. According to Font’s model [40], this denotes a lack of
mathematical practice, in that they proceed to act with no analysis of the problem. In
the presented transcription, the first (and only) strategy was to try to solve the problem
manipulatively and proceed to count the cubes used. Upon encountering obstacles due to
the lack of pieces, only one person in this group proposes breaking down the problem in
such a way that it can be solved with the cubes provided (lines 6–16). It is also evidenced
that students avoid mental calculation as much as possible (lines 30–32). It is detected that
the material has served to develop strategies to simplify the problem, but it is also evident
that the students prefer not to carry out mental calculation, instead pretending that the
teacher validated (by radio transmission) the results that they were suggesting (until they
“get” the correct one).

4.1.2. ABN-Instructed Students

1. At first, they realize that they have to find a code, but they do not fully understand
the instructions: they hesitate between the total number of cubes or the cubes that are
added to the provided drawing. The GM asks and cross-questions until they are clear
about what is being asked of them.

2. GM: How many heights does the problem ask you for?
3. S2: Eleven.
4. GM: And for eleven heights, how many cubes do you need?
5. S2: . . . nine . . .
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6. S3: (building the pyramid up to 4 levels) Oh! Oh, wait. For 4 heights there are
16 cubes. (Talking to a peer) Ask her: for 5 steps we need 25 cubes?

7. GM: Yes, now you could build another height. Do you need to build it?
8. S2: Twenty-five!
9. GM: Come on, now with 6 steps.
10. S2: Well 25 + 6!
11. S3: No.
12. S2: Why not? (he starts counting, builds the 6th floor, talks to S2, and discards his

initial idea).
13. S2: (By radio) 36 steps?
14. GM: Steps or cubes?
15. S2: . . . cubes. Okay, thirty-six cubes for six steps.
16. S1: Look! (pointing to the pyramid) 2 × 2 = 4, 3 × 3 = 9, 4 × 4 = 16, 5 × 5 = 25.
17. S3: Yes, I knew that too.
18. S2: 7 × 7!
19. S4: What do you have to multiply?
20. S3: By the same number.
21. GM: So for 11 steps?
22. S2: 11 × 11 = 121 (mental calculation).
23. S1: That’s the code!
24. They enter the code in the lock, but it does not work. They seem frustrated. They

consult by radio if they have made a mistake when calculating. The GM invites
them to read the statement of the problem again, where it is specified that they must
calculate the total number of cubes (and not those of a specific plant).

25. S1: Ok, so let’s slowly add 1 + . . . 2 × 2 = 4, 5 . . . 06.
26. The work is distributed, one is calculating the cubes of the next floor and the others

count the accumulated cubes until reaching the solution.

While similar difficulties to those of the CBC group are observed (particularly regard-
ing the intention to solve the problem in an exclusively manipulative way). Approximately
4/5 of the groups developed a strategy to solve the problem in a similar way to the one
transcribed below. Of course, errors also occur in the construction of the pyramid.

In the presented situation, students confused steps (floors/levels) with cubes and, at
first, they focused on the number of cubes that they are adding (lines 13–16). This group
found a pattern of square numbers once they built the pyramid up to the 4th floor and
(line 16), consequently, they focused on developing the pattern found. When entering
the code into the lock, they expected it to be correct (11 × 11 = 121), but it did not open
and they seemed frustrated (line 24). We had to invite them to read the statement aloud
again and ask “what they are being asked for”, until they realized that they were being
asked for the total number of cubes in the pyramid. In general, these children showed
a level of mathematical practice similar to those of the CBC group but they developed
(cooperative) mental calculation strategies to solve the problem without having to build
the complete pyramid.

4.2. Solving the Puzzle Enlargement

When opening the box, students were provided with the original figure (printed on
yellow paper), the map, rulers, pencils, and a set of sheets (red sheets, grid sheets, and
clear white sheets). The transcribed experience follows a CBC group, but no significant
differences were identified in the ABN groups.

1. Students read the instructions and clear the table to allocate the sections of the maps:
the vertex of the augmented figure reveals some key positions on the map, but the
size of provided figure does not fit with the map.

2. S1: What about if we cut this (referring to the original figure) and put here the triangle
(i.e., in the map). Ask the teacher, can we cut the figure?
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3. S2: Wait, wait! Don’t cut it . . . we shall cut the whole square (i.e., the whole figure,
which is printed on yellow paper).

4. Students manipulate and cut the original figure into its components. Then try to fit it
to the map by separating the pieces.

5. S3: This is so hard!
6. S1: Shut up! (She takes all the figures and re-builds the original puzzle).
7. Students use the provided red paper to reproduce copies of the original figure with

no augmentation and share a copy with all the members of the group.
8. One of the students (S4) starts testing random numbers on the padlock.
9. S2: Ok, you can try, but we must do the calculation . . . teacher said.
10. S1: Maybe we can fit the whole square with the map
11. They use the red papers to build a square that fits with the provided map and allocate

the original figure next to the new structure.
12. S2: Now it is said that we have to change 4 to 7.
13. Students augments the edge of the figure, but they do not enlarge the rest of the figure

(see Figure 8).
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14. S2: We have to enlarge all the figure.
15. Students try to enlarge the figure by adding 3 cm to each section of the perimeter.

However, they realize that this is not going to solve the problem when drawing the
augmented figure on a sheet.

16. S1: I surrender
17. GM (by radio): What happens?
18. S2: The augmented figure doesn’t fit to the map.
19. GM: Why?
20. S2: Because adding 3 to each figure doesn’t work
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21. GM: Adding? That’s the way you enlarge? Let’s think . . . you’ve a smartphone, right?
When using the camera to zoom in “ten times”, what is shown on the screen?

22. S2: ×10 . . . oh!
23. Student suddenly cuts radio communication and explains to their peers.
24. S2: We have to multiply by tens.
25. Students try to multiply by tens, but quickly realize that 10 is not the augmentation

ratio. Now they are conscious that “they have to multiply” and start searching for the
augmentation ratio.

26. S1: Maybe we can see the percentage 3 on 7 is a (doing the calculation) . . . uf! . . . way
too complex.

27. S2: Maybe using a rule of three? We went from 4 to 7 by adding 3.
28. GM (by radio): do not use additions . . .
29. S3: And how do we go from 4 to 7 with no additions
30. S1: Multiplying 7 by something?
31. Students finally use pencil and paper to divide 7/4; getting 1.75
32. S1: This is much easier than with percentages.
33. S2: Ok, so let’s enlarge all figures
34. Students distributes the original figures and try to enlarge each single figure, they

sometime fail when calculations have to be traduced to a geometric figure; but finally
they manage to build the enlarged figure.

In this situation, students seem to have a better understanding of the goal of the
problem (enlarging the figure) and could also self-validate the augmentation of the figure.
So, the performance in terms of mathematical practice and reasoning seems to improve
during the Escape Room experience; they are learning by doing mathematics. All the
groups failed when enlarging the original figure and all the groups tried to “add 3” rather
than calculating the scale to augment the figure (line 15). Once they were asked about “how
to augment a figure”, they realized that the enlargement should be proportional (in the
transcribed text, the teacher used the analogy of a camera zoom, see line 21).

A collection of failures is presented in Figure 8a. Despite the many fails evidenced,
students seemed to engage with the problem and stay focused on the game, trying to solve
the puzzle both in a manipulative and abstract way (see Figure 8b). On the other hand, all
the groups used paper and pencil to solve the calculation. When questioned about this at
the end of the experience the most common answer was that “decimals are too difficult for
mental calculations”.

While the presented fragment demonstrates with the CBC group experience, no
meaningful differences with ABN students were identified. ABN students show the same
difficulties and face the same obstacles. They also refuse the use of mental calculations and
prefer the use of paper and pencil when provided.

4.3. Outcomes of the Two Methods

By using the scores registered using the rubrics provided in ANNEX 1, a chi-square test
of independence was carried out. The null hypothesis postulates that the use of the ABN
method and the development of a specific sub-competence are not related (i.e., they are
independent). The alternative hypothesis considered that the use of the ABN method and
the development of a specific sub-competency are associated (i.e., they are not independent).
It has to be noticed that the rubric used to assess schoolchildren (ANNEX 1) was coded so
that 1 = does not know and 5 = does know. Results of the chi-square test are presented in
Table 1. A chi-square critical value of 3.84 was obtained.
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Table 1. Chi-square values obtained for each subcompetence.

Dimension Subcompetence X2

Cognitive
Language 0.41
Modelling 12.05

Thinking and reasoning 4.87

Procedural
Use of tools 21.92

Strategy development 7.67

Emotional Productive disposition 3.02

Attending to the results presented in Table 1, and as χ2 corresponding to mathematical
language can be considered as 0, one can conclude that there is no relation with the
ABN–CBC methodology when considering the development of the mathematical language
(i.e., the development of the mathematical language is independent of the methodology).
However, this is not the case for other subcompetencies as, for example, the “modelling”
skill. Indeed, it can be considered that the use of the ABN methodology boosts the skills
related to the construction of mathematical models (as well as to critically analyze and
evaluate existing or proposed models) in connection with the use of tools.

The positive progress of the “strategy development” of ABN students is also re-
markable. One can conclude that the use of the ABN method is not independent of the
development of, at least, the skills related to mathematical modeling, the use of tools, and
strategy development.

On the other hand, Table 2 shows the mean scoring of CBC–ABN schoolchildren. It
should be noted that the score obtained in the abovementioned competences of modelling,
the use of tools, and strategy development are consistent with the conclusions of the χ2 test.
It can also be observed that the development of the “use of tools” competency seems to
worsen not only in CBC students but also in secondary education (S.E.).

Table 2. Mean scores (using the ANNEX 1 rubric) obtained by ABN–CBC schoolchildren.

Competence

Language Modelling Thinking Tools Strategy Disposition

ABN (P.E.) 3.22 3.39 3.17 3.87 3.26 3.61
CBC (P.E.) 3.29 2.76 2.94 3.53 2.82 3.59
CBC (S.E) 3.12 2.96 2.76 3.2 2.8 3.2

Finally, concerning the performance of the methods, one can conclude that the ABN
method is at least 10% more efficient in developing the “modelling”, “use of tools”, and
“strategy development” competences. The authors would also like to highlight the satis-
factory progress of the “productive disposition” of the participants, which scores over 3,
considering that the maximum scoring on the related item is 4. So, a good performance of
the EER is determined and no mathematical anxiety was induced during the experience.

4.4. Profits for Student Teachers

Student teachers’ professional development was analyzed by using a simplified model
(presented in Section 2). Of course, there are deeper and more complex models (such
as MTSK model [43], for example). However, such models are difficult to approach for
those not specifically instructed on the model. The selected model was chosen for its
simplicity, comprehensibility, and accessibility (even for non-specialized researchers), while
being useful for the research in didactic of the mathematics. According to this, the design,
implementation, and analysis of the complete experience has mobilized several professional
competencies. First, trainee teachers were conventionally evaluated in order to attain an
idea of their mathematics-related capabilities. They were also evaluated in the same manner
at the end of the formative process. In doing so, we found:
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• Math knowledge: A meaningful improvement on the procedures for solving mathe-
matic problems was demonstrated, showing a positive development in their capabili-
ties to think and reason about mathematics. They also slightly improved their abilities
regarding mathematical models, while no improvement in the use of mathematic
language was detected.

• Didactic knowledge: In this regard, trainee teachers had to identify schoolchild diffi-
culties during the “practicum” stage and then develop an educational escape room to
manage such difficulties. As the escape room was co-designed, no clear information
was obtained. However, participating in the development of the experience improved
trainee teachers’ skills for making connections in mathematics as well as integrating
mathematics with other fields. They all were able to manage the situation with the
schoolchildren, negotiating, provoking, or giving clues to unravel the experience.

• Procedural domain: This was the dimension with the best performance. Student
teachers showed meaningful improvement in their abilities for using tools to “make
mathematics”. In the same way, they all seem to have gained flexibility and have
promoted their abilities to stablish generalizations (so that they were able to develop
strategies for solving math problems with improved fluency).

• Emotional domain: Student teachers were already well disposed towards mathematics
prior to the mentoring program, so no meaningful improvements regarding this aspect
was detected.

Student teachers were taught in ABN and CBC methodologies prior to the experience
and had to deliver a text comparing both methodologies and identifying weakness and
strengths of both mathematical methods. It has to be highlighted that a proper design of
the activities included in the EER should be accompanied by an analysis of the possible
difficulties which may emerge during the experience. Such activities should be designed to
allow children to reach an autonomous solution of the problem, displacing the “center of
gravity” from the teacher to the student.

As this research focuses on the “assessor” role of the trainee teachers, reaching an
adequate degree of development of their own mathematic competence was a pivot point.
As seen, mathematics knowledge of the trainee teachers involved was promoted during
the experience. On the other hand, by the end of the experience, the involved student
teachers were interviewed and asked about the experience in terms of professional didactic–
mathematic knowledge. They all stated that they felt much more confident in their capa-
bilities to instruct mathematics, showing enthusiasm towards mathematics learning, and
improving self-belief for being able to adapt educational environments; finally, they all
confessed to be more passionate about presenting innovative practices to a class. These
findings agree well with those available in the literature [44].

Finally, we would like to highlight that no quantitative or qualitative research was
carried to reach these conclusions. Rather, the participant trainee teachers delivered a final
degree thesis (or a final Master’s thesis, depending on the student), which was delivered
and presented in a thesis viva. The theses were scored 9.5, 9.3, and 8 (out of a maximum
score of 10) by the committees, so the works of the student were well ranked and considered
suitable to be stored and made available in the university repository. This was the main
marker used to assess the performance of the participant trainee teachers.

5. Conclusions

This manuscript reports on a case study of the implementation of mathematic ed-
ucational escape rooms (experiences were delivered to schoolchildren taught by using
different methodologies—ABN and CBC). To do so, extracts of the in-game conversations
were recorded and analyzed. The experiences were co-designed by trainee teachers, in
service teachers, and university researchers. So, this study affects all the corners of the
educational environment.

Regarding the original objectives and from the point of view of the schoolchild, during
the interview they stated that they had enjoyed the escape room experience and had not
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felt “assessment pressure” (O1). They felt some urgency because they wanted to “win the
game”, but all the groups felt far less anxiety than in a written exam. With respect to the
CBC groups, it has been demonstrated that they prefer not to perform mental calculations,
and they were also not familiar with most manipulative materials (they stated that they did
not use manipulatives in conventional lessons). They were able to solve the problems with
a reasonable amount of guidance and clues, but they encountered difficulties when asked
to identify patterns and regularities. Overall, CBC students show insufficient development
in productive disposition, the use of tools, modelling, and strategy development; however,
they show an adequate development in language and reasoning.

During the experience, the activation of two major skills could be seen: observation
and critical thinking (as the students had to collect data, as well as understanding and
interpreting the meaning of the information). So, we consider that the EER design is well
suited to the original aim of “strengthening the problem-solving skill” (so it can be used to
assess mathematical competencies, Aim 2).

On the other hand, ABN students showed similar results with respect to mental
calculations (they preferred using paper and pencil), but they also showed a higher ability
to carry out mental calculations when mandatory. ABN students were more familiar
with tools and manipulatives (they stated that the use of such tools occurred “sometimes”
in conventional lessons). As in the case of the CBC students, they were able to solve
the problems with a reasonable amount of guidance and clues, but they showed fewer
difficulties in identifying patterns. Overall, ABN students showed insufficient development
of modelling, mathematic language, and strategy development; however, they show an
adequate development on productive disposition, the use of tools, and reasoning (this
fulfills Aim 3). In this regard, ABN students showed a positive 10% additional performance
of certain mathematical competences.

We conclude that schoolchildren tended to show some degree of math-phobia, mainly
due to evaluations but also due to a lack of comprehension of what are they really do-
ing when solving an operation. By using the grid//ABN method, schoolchildren could
easily attain a deeper comprehension of what is being carried out. The ABN method
might not be “easier” for schoolchildren but might be more adequate for developing the
mathematical competences.

Finally, regarding Aim 4, student teachers involved in the experience specifically
mentioned the value of interacting with “real children” and with in-service teachers. They
also state that co-designing the experience was a valuable learning opportunity and we
were able to verify that some professional competencies were successfully developed
during the experience (especially those concerning didactic knowledge).

To close this section, and as a note for the future; families and educational institu-
tions have greatly valued the interventions of this project. Indeed, both demand more
interventions. Families and in-service teachers stated that schoolchildren greatly enjoyed
the experience while doing mathematics. As a final reflection, the authors would like to
emphasize that these studies need to be more extensive, by including a larger number of
students, in order to carry out statistical analyses which allow a proper characterization of
the outcomes of the methodologies. In this study, we demonstrated that educational escape
rooms can be used as assessment tools (replacing traditional tests that induce mathematics
anxiety in students). Once this step is taken, implementing EER in conventional courses
and gathering as many participants as possible should be the next research phase.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/math10163021/s1. See [45].

Author Contributions: Conceptualization, methodology, writing—original draft preparation, super-
vision, project administration, validation, investigation, formal analysis, J.C.P.C.; data curation, R.N.B.
and M.T.C.D.; visualization, funding acquisition, M.d.C.C.L. All authors have read and agreed to the
published version of the manuscript.

https://www.mdpi.com/article/10.3390/math10163021/s1
https://www.mdpi.com/article/10.3390/math10163021/s1


Mathematics 2022, 10, 3021 20 of 21

Funding: The research was funded by the “Programa estatal de excelencia”, within the project
“Cognición Matemática y metodología de cálculo Abierto Basado en Números en el 3er ciclo de
Educación Primaria”; grant number PID2019-105584GB-I00. The APC was co-financed by the 2014-
2020 ERDF Operational Programme and by the Department of Economy, Knowledge, Business and
University of the Regional Government of Andalusia. Project reference: FEDER-UCA18-107851.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. The investigations were carried out following the rules of the Declaration of Helsinki of
1975 (https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/, accessed on
3 June 2022), revised in 2013.

Acknowledgments: The authors would like to acknowledge the participating students, as well as
their institutions: CEIP San Juan de Rivera, CEIP Camposoto and IES Isla de León.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Griffin, P.; Care, E. Educational Assessment in an Information Age Assessment and Teaching of 21 St Century Skills; Springer:

Berlin/Heidelberg, Germany, 2015; ISBN 978-94-017-9394-0.
2. Martínez Montero, J. El Método de Cálculo Abierto Basado En Números (ABN) Como Alternativa de Futuro Respecto a Los

Métodos Tradicionales Cerrados Basados En Cifras (CBC). Bordón 2011, 63, 95–110.
3. Aragón, E.; Delagado, C.; Marchena, E. Diferencias de Aprendizaje Matemático Entre Los Métodos de Enseñanza ABN y CBC.

Psychol. Soc. 2017, 9, 61–70. [CrossRef]
4. Piñero, J.C. Modelando Los Diferentes Roles del Docente en la Educación Matemática Moderna. Espacios 2020, 41, 301–317.
5. Núñez-Peña, M.I.; Suárez-Pellicioni, M.; Guilera, G.; Mercadé-Carranza, C. A Spanish Version of the Short Mathematics Anxiety

Rating Scale (SMARS). Learn. Individ. Differ. 2013, 24, 204–210. [CrossRef]
6. Eden, C.; Heine, A.; Jacobs, A.M. Mathematics Anxiety and Its Development in the Course of Formal Schooling—A Review.

Psychology 2013, 4, 27–35. [CrossRef]
7. Stenmark, J.K. Mathematics Assessment: Myths, Models, Good Questions and Practical Suggestions; National Council of Teachers of

Mathematics: Reston, VA, USA, 1991.
8. Dowker, A.; Sarkar, A.; Looi, C.Y. Mathematics Anxiety: What Have We Learned in 60 Years? Front. Psychol. 2016, 7, 508.

[CrossRef] [PubMed]
9. Piñero Charlo, J.C. Educational Escape Rooms as a Tool for Horizontal Mathematization: Learning Process Evidence. Educ. Sci.

2020, 10, 213. [CrossRef]
10. Piñero Charlo, J.C.; Ortega García, P.; Román García, S. Formative Potential of the Development and Assessment of an Educational

Escape Room Designed to Integrate. Educ. Sci. 2021, 11, 131. [CrossRef]
11. Vanbinst, K.; Bellon, E.; Dowker, A. Mathematics Anxiety: An Intergenerational Approach. Front. Psychol. 2020, 11, 1648.

[CrossRef]
12. Huitt, W.; Hummel, J. Piagets Theory of Cognitive Development. In Educational Psychology Interactive: Cognitive Development;

Valdosta State University: Valdosta, GA, USA, 2003.
13. Piaget, J. Play, Dreams, and Imitation in Childhood; Norton: New York, NY, USA, 1945.
14. Piaget, J. The Psychology of Intelligence; Routledge: London, UK, 1950.
15. Clements, D.H.; Sarama, J. Learning and Teaching Early Math: The Learning Trajectories Approach; Routledge: London, UK, 2014;

ISBN 978-0-415-82850-5.
16. Azcárate Goded, P. La Formación Inicial del Profesor de Matemáticas: Análisis Desde la Perspectiva del Conocimiento Práctico

Profesional. Rev. Interuniv. Form. Profr. 1998, 32, 129–142.
17. Palincsar, A.S. Social Constructivist Perspectives on Teaching and Learning. Annu. Rev. Psychol. 1998, 49, 345–375. [CrossRef]

[PubMed]
18. Brousseau, G. Los Diferentes Roles del Maestro. In Didáctica de Matemáticas: Aportes y Reflexiones; Parra, C., Saiz, I., Eds.; Paidós

Educador: Buenos Aires, Argentina, 1997; pp. 65–94.
19. Recommendation of the European Parliament and of the Council of 18 December 2006 on Key Competences for Lifelong Learning.

Off. J. 2006, 394, 10–18. Available online: http://data.europa.eu/eli/reco/2006/962/oj (accessed on 15 June 2022).
20. Niss, M.; Højgaard, T. Mathematical Competencies Revisited. Educ. Stud. Math. 2019, 102, 9–28. [CrossRef]
21. Kilpatrick, J. The Mathematics Teacher and Curriculum Change; Philippine News Agency: Manila, Philippines, 2009; Volume 3,

pp. 107–121.
22. Instituto Nacional de Evaluación Educativa TEDS-M. Informe Español. Estudio Internacional Sobre La Formación Inicial En Matemáticas

de Los Maestros; Análisis Secundario; Secretaría General Técnica: Madrid, Spain, 2013.
23. PISA. PISA 2018 Assessment and Analytical Framework; OECD: Paris, France, 2019; ISBN 9789264940314.

https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
http://doi.org/10.25115/psye.v9i1.462
http://doi.org/10.1016/j.lindif.2012.12.009
http://doi.org/10.4236/psych.2013.46A2005
http://doi.org/10.3389/fpsyg.2016.00508
http://www.ncbi.nlm.nih.gov/pubmed/27199789
http://doi.org/10.3390/educsci10090213
http://doi.org/10.3390/educsci11030131
http://doi.org/10.3389/fpsyg.2020.01648
http://doi.org/10.1146/annurev.psych.49.1.345
http://www.ncbi.nlm.nih.gov/pubmed/15012472
http://data.europa.eu/eli/reco/2006/962/oj
http://doi.org/10.1007/s10649-019-09903-9


Mathematics 2022, 10, 3021 21 of 21

24. Garcia, I.; Barberà, E.; Gros, B.; Escofet, A. Analysing and Supporting the Process of Co-Designing Inquiry-Based and Technology-
Enhanced Learning Scenarios in Higher Education. In Proceedings of the Ninth International Conference on Networked Learning,
Edimburgh, UK, 7–9 April 2014; pp. 493–501.

25. Sigmon, R.L. Service-Learning: Three Principles. Synergist 1979, 8, 9–11.
26. Azcárate Goded, P. El Conocimiento Profesional Didáctico-Matemático; Servicio de publicaciones de la Universidad de Cádiz: Cádiz,

Spain, 2001; ISBN 84-7786-939-1.
27. Pérez, C.; González, I.; Cerda, G.; Benvenuto, G. The Abn Method as an Effective Articulator of Mathematical Learning in

Childhood: Experiences in Professors of Initial Cycle in Chile. J. Educ. Cult. Psychol. Stud. 2018, 2018, 75–96. [CrossRef]
28. LREI. Why Not Just Teach the Traditional U.S. Algorithm? Here’s Why. Available online: https://www.lrei.org/news-detail?pk=

1218765 (accessed on 27 June 2022).
29. Kamii, C.; Lewis, B.A.; Livingston, S.J. Primary Arithmetic: Children Inventing Their Own Procedures. Source Arith. Teach. 1993,

41, 200–203. [CrossRef]
30. Johnson, H.A. Secretary of State for Education and Skills; Report 2007; Department for Education and Skills: London, UK, 2007.

Available online: https://www.gov.uk/government/publications/department-for-education-and-skills-departmental-report-
2007 (accessed on 24 June 2022).

31. Canto López, M.D.C.; Manchado Porras, M.; Piñero Charlo, J.C.; Mera Cantillo, C.; Delgado Casas, C.; Aragón Mendizábal,
E.; García Sedeño, M.A. Description of Main Innovative and Alternative Methodologies for Mathematical Learning of Written
Algorithms in Primary Education. Front. Psychol. 2022, 13, 913536. [CrossRef]

32. Zolkower, B.; Bressan, A.M.; Pérez, S.; Gallego, M.F. From the Bottom Up—Reinventing Realistic Mathematics Education in
Southern Argentina. In International Reflections on the Netherlands Didactics of Mathematics. ICME-13 Monographs; Springer:
Berlin/Heidelberg, Germany, 2020; pp. 133–166.

33. Scalise, K.; Wilson, M. Measurement Principles for Gaming. In Assessment in Game-Based Learning: Foundations, Innovations,
and Perspectives; Ifenthaler, D., Eseryel, D., Ge, X., Eds.; Springer: Berlin/Heidelberg, Germany, 2012; pp. 287–305. ISBN
9781461435464.

34. National Research Council. Knowing What Students Know: The Science and Design of Educational Assessment; National Research
Council: Ottawa, ON, Canada, 2001.

35. Espigares-Gámez, M.J.; Fernández-Oliveras, A.; Oliveras Contreras, M.L. Instrumento Para Evaluar Competencias Matemáticas y
Científicas del Alumnado Que Inicia Educación Primaria, Mediante Juegos. Rev. Paradig. 2020, 41, 326–359.

36. Fuentes-Cabrera, A.; Parra-González, M.E.; López-Belmonte, J.; Segura-Robles, A. Learning Mathematics with Emerging
Methodologies-The Escape Room as a Case Study. Mathematics 2020, 8, 1586. [CrossRef]

37. Piñero Charlo, J.C. The Rise of Educational Escape Rooms: Designing Games as Formative Tasks. In Handbook of Research on the
Influence and Effectiveness of Gamification in Education; Bernardes, O., Amorim, V., Carrizo Moreira, A., Eds.; IGI Global: Hershey,
PA, USA, 2022; ISBN 1668442876.

38. Brousseau, G. Theory of Didactical Situations in Mathematics; Kluwer: Dordrecht, The Netherlands, 1997.
39. Rico, L. El Método del Análisis Didáctico. Union Rev. Iberoam. Educ. Mat. 2013, 33, 11–27.
40. Font, V.; Planas, N.; Godino, J.D. Modelo Para El Análisis Didáctico En Educación Matemática. Infanc. Aprendiz. J. Study Educ.

Dev. 2010, 33, 89–105. [CrossRef]
41. Artigue, M. Ingenierie Didactique. Rech. Didact. Math. 1989, 9, 281–308.
42. Godino, J.D.; Bencomo, D.; Font, V.; Wilhelmi, M.R. Análisis y Valoración de La Idoneidad Didáctica de Procesos de Estudio de

Las Matemáticas. Paradigma 2006, 27, 221–252.
43. Muñoz-Catalán, M.C.; Contreras, L.C.; Carrillo, J.; Rojas, N.; Montes, M.Á.; Climent, N. Conocimiento Especializado del Profesor

de Matemáticas (MTSK): Un Modelo Analítico Para el Estudio del Conocimiento del Profesor de Matemáticas. Gac. Real Soc. Mat.
Esp. 2015, 18, 1801–1817.

44. Jeong, J.S.; González-Gómez, D. Mathematics Self-Belief Comparison and Examination of Pre-Service Teacher (PST) through a
Flipped-Open Calculation Based on Numbers (ABN) Learning Method. Heliyon 2022, 8, e09806. [CrossRef]

45. Miller, G.E. The assessment of Clinical Skills/Competence/Performance. Acad. Med. 1990, 65, 63–67. [CrossRef] [PubMed]

http://doi.org/10.7358/ecps-2018-017-pere
https://www.lrei.org/news-detail?pk=1218765
https://www.lrei.org/news-detail?pk=1218765
http://doi.org/10.5951/AT.41.4.0200
https://www.gov.uk/government/publications/department-for-education-and-skills-departmental-report-2007
https://www.gov.uk/government/publications/department-for-education-and-skills-departmental-report-2007
http://doi.org/10.3389/fpsyg.2022.913536
http://doi.org/10.3390/math8091586
http://doi.org/10.1174/021037010790317243
http://doi.org/10.1016/j.heliyon.2022.e09806
http://doi.org/10.1097/00001888-199009000-00045
http://www.ncbi.nlm.nih.gov/pubmed/2400509

	Introduction 
	Background and Framework 
	The Mathematical Competence 
	Didactic–Mathematic Knowledge and Teachers in Formation 
	Algorithmization and Methodologies 
	The CBC Method 
	The ABN Method 

	Assessment by Educational Games 

	Materials and Methods 
	Formative and Contextualized Evaluation: The Educational Escape Rooms (EER) 
	Data Collection and Analysis Method 

	Results and Discussion 
	Solving the Pyramidal Pattern 
	CBC-Instructed Students 
	ABN-Instructed Students 

	Solving the Puzzle Enlargement 
	Outcomes of the Two Methods 
	Profits for Student Teachers 

	Conclusions 
	References

