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Abstract: The aim of this study is to understand teacher education students’ experience with an
introduction to use of escape room as a didactic tool in mathematics, and to gain insight on the
impact of such an introduction on teacher education students’ development as mathematics
teachers. Escape room is a new, game-based, didactic tool in school that offers teachers new
possibilities in the mathematics classroom. Twelve teacher education students participated in the
study, and data were collected through a qualitative survey, observation, and focus-group inter-
views. The data were analyzed through use of a framework based on game-based learning and
on Dewey’s perspective about what to learn and how to learn. The findings show that use of es-
cape room in mathematics teaching was met from a traditional perspective on teaching and
learning by the teacher education students, but that they showed glimpses of willingness and cu-
riosity about its use in mathematics in school. The findings also generated hypotheses and prob-
able conclusions that, in relation to Klafki’s theory of categorical bildung, offer some under-
standing of possible influence on teacher education students’ development of bildung as mathe-
matics teachers, and their possible position as future change agents for mathematics teaching in
school.
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INTRODUCTION

“The aim of education is to enable individuals to continue their education” (Dewey, 1916, p. 56).
The Organisation for Economic Co-operation and Development (OECD) (2019) emphasizes the
future importance of citizens to be able to understand, interpret and apply knowledge and skills
in various situations, and therefore that one must learn to navigate through unfamiliar contexts.
Escape rooms are live-action, team-based games in which the players discover clues, solve puz-
zles, and accomplish tasks to complete a mission in a limited amount of time (Nicholson, 2015).
A review of 70 research articles on the use of escape room in education showed that escape room
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has been adopted in teaching, both for emphasis on the participants’ encountered need for appli-
cation of subject area knowledge and skills, and for emphasis on necessity of cooperation and
trust in co-participators’ competence (Taraldsen et al., 2020).

Mathematics is a mandatory subject in primary and secondary school all over the world, and
some countries are already introducing new sets of methodologies in the teaching of mathematics
to meet the expectations for future schooling (European Schoolnet, 2018). In Norway, for in-
stance, the recent revision of the national curriculum gives explicit attention to problem-solving
(Udir, 2019). Polya (1981, p. 117) defines problem-solving as: “to search consciously for some
action appropriate to attain a clearly conceived, but not immediately attainable, aim.” According
to Schoenfeld (1993) problem-solving competence is about applying mathematical concepts,
methods and relations in order to solve problems. Such an action-oriented understanding of com-
petence implies that competence does not show itself as something one has knowledge about, but
as something one can put into action. The escape room idea is based on emphasis of features that
provide such opportunities for the participants in an escape room event. Herein lays the novelty
of use of escape room in mathematics teaching and learning. The pupil is given the opportunity
to display problem-solving competence within a context that is experienced as both playful and
meaningful. Within educational research we see a steady increase in the use of escape room as a
didactic tool, within various contexts. Escape rooms are, for instance investigated as an active
methodological approach for the purpose of teaching mathematics (Alabdulaziz, 2023; Charlo,
2020; Fuentes-Cabrera et al., 2020), or used for explicit attention to mathematical subjects, like
for instance Andrews and Bagdasar’s (2023) emphasis on geometry and Jiménez et al.’s (2020)
focus on algebra. One also finds explicit attention to authentic scenarios related to vocational ed-
ucation, like for instance within professional nursing practice (Morell et al., 2020), computer se-
curity (Béguin et al., 2019), and forensic education (Ferreiro-Gonzalez et al., 2019). Research on
use of escape room in education is still in an early phase (Taraldsen et al., 2020), and Veldkamp
et al. (2020b) conclude that the teacher’s application of escape room, with their complex sets of
interrelations, and the desired outcome of implementing an educational game to help achieve de-
sired learning outcome for the pupils, so far do not align.

The study presented in this article, is concentrated around 12 Norwegian teacher education stu-
dents who participate in a mathematics course on problem-solving where the students are intro-
duced to escape room as a possible didactic tool. Borasi and Finnegan (2010) and Van der
Heijden et al. (2015) highlight the potential of teachers as change agents, and Taraldsen et al.
(2020) identify this potential in the teacher education student’s position as well, because teacher
education students may bring new ideas to the schools where they have their teaching practice as
students and to the schools where they eventually will work as teachers. One of such ideas is the
use of escape room as a didactic tool in mathematics. According to the theories of Dewey (e.g.
Dewey, 1916, 1938), reflection on active and passive experience may transfer into learning,
which means that teacher education students in practice periods, and then as qualified teachers,
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might bring new ideas, didactic tools, and possibilities into the school, based on what they learn
during their teacher education. This is not just because they learn something specific about a di-
dactic tool such as escape room, but also because, in general, they go through a significant kind
of learning-based metamorphosis, from being an experienced pupil to becoming a new teacher,
which may affect their beliefs about mathematics teaching and learning (e.g. Beijaard et al.,
2000; Bishop, 2001; Philipp, 2007; Thompson, 1992), and therefore what priorities to make in
their teaching. Beliefs seem to be in a dynamic interaction with knowledge, recognized by Bish-
op (2001) and Philipp (2007) as subjective knowledge. Beliefs are what one believes to be true.
Subject to influence from feelings, beliefs become materialized through actions and are thereby
visualized as values (Bishop, 2001). Van Zoest et al. (1994) reveal that teacher education stu-
dents in general enter the teacher educational program with quite traditional, experience-based
beliefs about teaching and learning priorities in school mathematics. Such beliefs may be seen in
relation to experience as a pupil, for instance related to organization of mathematics lessons
(Topphol, 2012) or norms in the mathematics classroom (Yackel & Rasmussen, 2002). Through
their time at a teacher education program the students may be introduced to, and influenced by,
approaches and opinions regarding mathematics teaching and learning that may challenge their
beliefs, although this is not always the case (Amundsen & Haakstad, 2018). However, because of
its well-documented novelty, the introduction to escape room, which serves as the foundation for
this article, offered the participating teacher education students one such belief-influencing op-
portunity.

The identification of the need for attention to teachers’ use of escape room (e.g. Veldkamp et al.,
2020b), and the opportunity the introduction of such a didactic tool might offer regarding teacher
education students’ development as mathematics teachers and position as possible change agents
for mathematics teaching in school, makes the objective of this study two-folded. The objectives
are to understand the teacher education students’ experiences of the use of escape room as a di-
dactic tool in mathematics, and to gain insight on the impact of such an introduction on teacher
education students’ development as mathematics teachers. In order to approach these objectives
this study intends to answer the following question: How do teacher education students in a
mathematics education course experience an introduction to use of escape room as a didactic
tool?

THEORETICAL FRAMEWORK
Game-based Learning

In educational research, facilitation for game-based learning (GBL) is recognized as an increas-
ingly popular approach in school and teacher education (Plass et al., 2015; Moon et al., 2023).
Salen and Zimmerman’s (2004) definition of a game acts in this article as the foundation for
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GBL in general and for the escape room: ‘a system in which players engage in an artificial con-
flict, defined by rules, that results in a quantifiable outcome’ (p. 80). Plass et al. (2015) narrow
the understanding of GBL down to a distinction between gamification and GBL. A gamification
of content is, for instance, recognized by giving learners points or other types of credit for com-
pleting well-established activities (e.g. Lee & Lai, 2024). GBL replaces such an approach by re-
designing the activities using artificial conflicts and rules of play to make them more engaging.
The design of such activities relies on the balance between attention to content and the desire to
play (e.g. Andriyani, 2023; Plass et al., 2015). On the one hand you want the participants to learn
something, and on the other hand the only goal of play is for it to realize itself (Wilkinson,
2016). The context one enters with a playful purpose, together with goal and structure (Salen &
Zimmerman, 2004), creates the GBL design.

According to Stolee (2021), there are four main categories of escape games: point and click, vir-
tual reality, tabletop, and live-action escape games. Stolee (2021) claims that the live-action es-
cape games offer the participants most tangibility and affordance conformity, which means that
they best pave the way for activity, influence, reality, and affiliation. An escape room is a live-
action escape game that, in short, offers the participants an artificial context where they are chal-
lenged as a group to make decisions, explore, find clues, and solve discovered problems to com-
plete the mission within a given time frame (Nicholson & Cable, 2021). The escape room is built
on the GBL design premises, where the goal of the contestants’ learning through participating in
the event is met by creating a play-based context in which the contestants immerse themselves to
solve problems that are anchored in their curriculum.

In mathematics, the escape room setting may allow for emphasis on problem-solving in the
mathematics classroom (Charlo, 2020). When applied in a school setting, the playful learning
environment can be used to introduce the need for new subject content and skills (Andrews &
Bagdasar, 2023; Borrego et al., 2017; Vergne et al., 2019). It can also be used to offer possibili-
ties for repetition, deepening and transference of existing knowledge through application of well-
known subject content and skills in new settings (de la Flor et al., 2020; Lopez-Pernas et al.,
2019). In addition, the participants in the escape room are made aware of the effects of their be-
havior on themselves and others (Lathwesen & Belova, 2021), through experienced need for
communication, creativity, and cooperation (Peleg et al., 2019; Zhang et al., 2019; Veldkamp,
2022).

Because it is based on the definition of game (Salen & Zimmerman, 2004), being part of a learn-
ing community (Wenger, 1999) and learning through participation rather than through acquisi-
tion (Sfard, 1998) are important issues in GBL (Nicholson, 2018; Weines, 2021). The fundamen-
tal idea of GBL, however, is the opportunity to learn through the duality of experiences and chal-
lenges that the player encounters in the company of other players, and the complexity of this du-
ality becomes visible in the wide range of reasoned attempts to associate various areas of influ-
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ence on learning and learning outcome with GBL (e.g. Bober, 2010; Christopoulos et al., 2024;
Plass et al., 2015; Weines, 2021), and thereby with an escape room in a school setting. Four ma-
jor areas of influence stand out because of their overarching and fundamentally established posi-
tion in educational research on learning: experience, self-regulation, social interaction, and moti-
vation.

Experience, Self-regulation, Social interaction, and Motivation

Experience has been a focus of attention in educational research all the way back to Dewey’s
theory on learning (Dewey, 1916, 1938). For Dewey, experience includes a duality between ac-
tive and passive. On the active side, the experience consists of trying out or exploring an activity,
while on the passive side, the experience is the exposure to the consequences of the activity. In
addition, experiences are influenced by the surroundings (one does something, and this action
does something in return to the one who did something). According to Dewey, activity itself
does not create learning, but learning takes place when the consequences of the activity are relat-
ed to the activity. Hence, activities that are experienced to be without meaning do not facilitate
learning. Such experiences are mere random impulses not transferred into learning because the
passive side of experience is minimal. Dewey advocated that the value of knowledge depends on
its use. Most of our experiences have phases of trial and consequence, or, in the words of Dewey,
an active and a passive side. One does something, and when it fails, one does something else,
and continues until something that works is found, and then that is used as a rule or starting point
for new actions. One discovers and becomes aware of connections between one’s actions and the
consequences of them. Reflections about these actions and consequences provide learning and
imply engagement and responsibility for future consequences of present actions (Dewey, 1916).

Dewey’s theories about active and passive experience, and reflections about one’s actions and
their consequences are related to theories on self-regulation (Zimmerman & Schunk, 2001). Self-
regulated learning includes the learner’s goals, plans and self-motivational beliefs, experience of
progress, and reflection on experiences in order to adapt learning strategies to adjusted goals,
plans and beliefs (Zimmerman, 2000). Zimmerman (2000) divides self-regulation into a cyclic
process consisting of three phases: forethought, performance or volitional control, and self-
reflection. The first phase consists of the learner’s conscious preparation for acting based on
goals and plans for the up-coming action, influenced by the learner’s self-motivational beliefs.
The second phase is an action phase that contains the learner’s active efforts influenced by voli-
tional strategies, and is subject to self-observation of both personal effort and mimicking of ob-
served skills. The third phase is a reflective, post-active process providing the learner with self-
judgment and self-reaction that may influence adjustment of goals, plans and beliefs in a cycle-
establishing revisiting of the first phase. In a learning community (Wenger, 1999), such as an es-
cape room in a school setting, self-regulated learning takes place through an interactive process
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between individuals and the environment they are in, a process that is operationalized by both
Zimmerman and Dewey.

The principles of continuity and interaction are core in Dewey’s theory of learning and show the
relation between Dewey’s and Zimmerman’s pragmatic point of view and the influence of social
interaction in GBL. The principle of continuity means that the present experience is based on
previous experiences, and at the same time affects subsequent experiences. The previous experi-
ences are crucial to how a situation or problem is understood and handled, and at the same time
the experiences one makes in a new situation influence and shape one’s understanding, interpre-
tation, and attempt to solve future situations. The principle of interaction relates to the influence
of interplay between one’s previous experiences and the surrounding environment for experienc-
es made in the present. Hence, the social dimension emphasized by both Dewey and Zimmerman
highlights the importance of social interaction in GBL. This is identified by soft skills such as
cooperation, confidence, communication, and critical thinking, and within these the application
and development of features such as active listening, giving and receiving constructive correc-
tion, teaching of others, leadership, and trust in others through delegation of responsibility (Mo-
rell et al., 2020). Social interaction is a paramount feature within collaborative problem-solving
that may trigger critical thinking skills (e.g. Khusna et al., 2024).

According to Pintrich (2003), motivation is often studied from four perspectives: the choice of
activity, how the individual engages with an activity, persistence, and the outcome of actions.
Facilitation of learning through an escape room that motivates pupils involves all four: expecta-
tion of relevance, eagerness to play and be strategic, ability to strive and endure, and future utili-
ty. From a Deweyan perspective, the pragmatic view is that the value of knowledge depends on
its use, and therefore motivation is related to future usefulness, both in its strength and stimula-
tion. Lack of activity, lack of interdisciplinarity and lack of cooperation work to alienate and in-
hibit motivation, according to Dewey (1938). In GBL research, however, the self-determination
theory (Deci & Ryan, 1985; Ryan & Deci, 2000a) is the prevailing motivation theory (e.g. Plass
et al., 2015; Weines, 2021; Wilkinson, 2016). The self-determination theory is concerned with
more than just the strength of motivation. It focuses on intrinsic or extrinsic motivation as stimu-
lation for an activity, and the relationship between the two (Ryan & Deci, 2000b). In GBL, this
relates to what motivation one has for involvement in a game experience, and how it will influ-
ence the game experience if one is intrinsically or extrinsically motivated to play and to obey the
rules and structure of the game. As mentioned above, the playful purpose is one of the ingredi-
ents in a GBL design (Plass, et al., 2015; Salen & Zimmerman, 2004), whether it is intrinsically
or extrinsically motivated; however, without motivation to become involved in the game, there is
little chance of the game’s purpose being realized. In a Deweyan perspective, the intrinsic moti-
vation will be continuously influenced by the growth of extrinsic motivation arguments because
of the increase in knowledge and skills through learning. This is also the case in a self-regulation
perspective because of the increase in consciousness about one’s own learning. However, one
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does not stop being possibly intrinsically motivated, as evidenced by the willingness to play for
the sake of the game and social interaction. Motivation is found in the balance between experi-
ence of challenge level and skill level related to the problem one faces, which aligns with Vygot-
sky’s zone of proximal development (Nicholson, 2018; Ouariachi & Wim, 2020) and Wenger’s
learning community (1999). In an educational escape room setting, the operationality of how
such processes are met is found in concepts such as problem-solving, exploring, play and creativ-

ity.

Didactic and Bildung

Didacticism is theory about teaching. In the classroom, the teacher’s didactic stance reveals
choices the teacher has made in the planning of the teaching and actions in the actual teaching
situations. It also identifies both near and distant conditions for such choices. According to Klaf-
ki, the development of a didactic stance is based on bildung (Hohr, 2011). Bildung is an individ-
ual process that is continuously influenced through the individual’s informal and formal
knowledge- and skill-acquisition, and becomes an expression for the ability to make independent
decisions (Korsgaard & Levlie, 2003). This means that a person’s bildung refers to the dynamic
relation between the person’s experiences and the personal and cultural development she encoun-
ters. Consistent with Dewey’s principles of continuity and interaction, Klafki and Dewey seem to
share the impression of learning and environment to act as conditions for the continuous devel-
opment of character that is recognized as bildung (Straum, 2018). This makes bildung a process
that continuously occurs in the meeting between a person’s subjective prerequisites and experi-
ences, and surroundings that are continuously culturally disseminated (Hohr, 2011).

The teacher education student enters the teacher education program with a bildung that consists
of a personal identity and beliefs about mathematics teaching that are constantly confirmed or
challenged by experiences made during the program. The teacher education student’s identity as
a mathematics teacher and beliefs about the didactics of mathematics are operationalized and
challenged through the didactic choices she makes both in her own studying and in teaching
practice during the teacher education program. Potential changes and refinement of such choices
are related to both education and cultural development via didactic evaluations related to peda-
gogical processes (Arneberg, 2008; Torjussen, 2011). This means that the teacher education stu-
dent’s development of bildung as a mathematics teacher emerges through active experience of
connections between what to learn and how to learn in mathematics and passive experience
through evaluation of consequences for her didactic stance.

Klafki (1983) identifies two main categories of the concept bildung: material bildung and formal
bildung. The first involves acquisition of attitudes, knowledge and values that have emerged
through culture and society. Emphasis on material bildung may be expressed through a mathe-
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matics teacher’s prioritization of pupils’ achievement of the national curriculum goals, as evi-
dence of their acquisition of knowledge and skills in mathematics. Formal bildung involves de-
veloping inherent abilities and competences, and may be expressed through a mathematics
teacher’s prioritization of the learning environment ahead of scholar content. However, accord-
ing to Klafki (1983), these two categories must not be seen as separate. This echoes Dewey’s
theory about learning: What to learn and how to learn are closely connected. There are no skills
or methods detached from content (e.g. Toft, 2018). Klaftki, as well as Dewey (Straum, 2018),
suggests that such interweaving is required. On the one hand it offers an experience that opens
up cultural content for the learner (here: it is possible to apply use of escape room to pave the
way for learning in school mathematics). On the other hand the learner opens up for the cultural
content (here: it is possible to emphasize various elements related to school mathematics through
use of escape room). The result is that knowledge, skills, and experiences of a general (categori-
cal) nature are created in the learner (Straum, 2018). The learner’s awareness of this interweav-
ing of content and form is what Klafki (1983) recognizes as categorical bildung. In this study,
categorical game-based bildung emerges through the teacher education student’s introduction to
escape room. This includes examples that extend towards something bigger and more general
(categorical) than simply what an escape room is, and the opportunities it provides for funda-
mental experiences that may motivate an alternative, fundamental way of thinking (here: applica-
tion of a GBL design) in mathematics teaching and learning.

METHOD
Selection of Participants

In the beginning of 2021, 12 teacher education students were selected randomly (Brinkmann &
Kvale, 2015), from a group of 44 students taking a 7.5 ECTS (European Credit Transfer and Ac-
cumulation System) mathematics education course on problem-solving. According to the Euro-
pean Commission (2015) 7.5 ECTS implies a workload of approximately 200 hours. Introduction
to use of escape room in mathematics is part of this course, and therefore participation in the
course was the sole selection criteria. The course was conducted in the sixth semester, and is part
of the students’ five-year teacher education program in Norway, where they qualify for teaching
of mathematics in primary and lower secondary school. When commencing the course the 12
students had already passed 30 ECTS in mathematics education.

Description of the Introduction
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The introduction consisted of three lessons that alternated between plenary lecturing and activi-
ties. Some sessions of group work were planned as part of the course, and the 12 teacher educa-
tion students were divided into three groups. They were in these groups in all organized group
activity during the teaching involving escape room introduction.

The first lesson (135 minutes) was devoted to the lecturer’s introduction of escape room as a
concept and a phenomenon. He gave escape room a definition, elaborated on different ways of
designing escape rooms and previous research on the use of escape room for educational purpos-
es, and suggested research-based indications about how this didactic tool seemed to provide op-
portunities in the teaching of mathematics that related to experience, self-regulation, social inter-
action, and motivation in mathematics. In addition, the students tried out an escape box
(Veldkamp et al., 2020a). An escape box is based on the idea of players trying to break into a
box instead of trying to break out of a room (Nicholson & Cable, 2021). The escape box was
used as a step on the way towards a full escape room because of the lower level of complexity
that an escape box entails, when all necessary information leading to a desired code is to be
found on a box instead of scattered around in a room.

In the second lesson (45 minutes) the students were challenged to try out an escape room that
had a content emphasis on mathematics. In groups the students were ‘trapped in a cave’, as
shown in figure 1 below, where they had to solve five problems in order to escape.

Figure 1: Two student groups in escape room mode, ‘trapped in separate caves’

The ‘caves’ were shaped by using walls, chairs and desks in the classroom. In each ‘cave’ there
were different articles and puzzles leading the students in direction of problems containing both
practical and cognitive challenges, and clues on how to combine all the answers, in order to
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manage to escape the room. One of the problems was for instance written on a piece of paper
hidden inside an empty bottle. In this situation the students first had to get the piece of paper out
of the bottle without smashing it, and then crack the mathematical problem to be found. The
problem they met was: When writing the page numbers in a book, 3289 digits were used. How
many pages were there in the book, when the first page of the book was labelled 1?

The third lesson (90 minutes) started with a debrief session related to the experiences from the
escape room tried out in the second lesson. In the debrief the students’ ability to cooperate was
emphasized, and strategies and solutions regarding the five problems were discussed. Towards
the end of this lesson a plenary discussion about experiences with the introduction to escape
room in mathematics was conducted. In this discussion the students elucidated on what possible
use they found in escape room as a didactic tool in mathematics.

Collection of Data

Data were collected from the participants in the study through three stages. At the first stage they
answered a small, qualitative survey. This was followed by a stage of observation. Finally semi-
structured focus-group interviews were conducted.

Stage I: Before they were introduced to escape room, the 12 students were informed about the
project and their role in it, gave their consent, and then completed a small, qualitative survey.
The purpose of the survey was to obtain the students’ previous knowledge of escape room, ex-
pectations regarding the upcoming introduction, and their thoughts on teaching of mathematics.

Stage 2: 1 observed the three lessons, and filled in an observation form where it was described
what happened in the situations and immediate understanding of students’ active and passive ex-
periences (Dewey, 1916, 1938). In the lessons, video recordings were used to collect data from
the 12 participants during the group activities. The purpose of using observation was to obtain in-
formation about the interaction in the context being studied (Krumsvik, 2019), which on this oc-
casion was the 12 teacher education students’ meeting with an introduction to use of escape
room in mathematics teaching and learning. The video recordings were watched immediately af-
ter each lesson and used to nuance the field notes. The video recordings offered opportunity to
develop precise descriptions of the situation and accurate retelling of expressions the students
had applied.

Stage 3: Two weeks after the introduction, the three focus-group interviews were conducted (in-
terview A, interview B and interview C). Each student group was the same as the ones used dur-
ing the introduction. The purpose of the interviews was to collect data from the participating stu-
dents’ sharing of opinions and discussions of their experiences about the use of escape room as a
potential didactic tool in mathematics, and to use these data to investigate the meaning of what
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the participants expressed, through describing, systematizing, and interpreting. The application
of focus-group interviews was chosen because of the opportunity this data collection tool pro-
vides both for the participants’ sharing of individual experiences and production of data in coop-
eration with other participants (Brinkmann & Kvale, 2015). I moderated all three interviews, us-
ing an interview guide with a semi-structured format influenced by the theoretical framework for
the study and research on escape rooms, in addition to the preliminary impressions that were
made based on the previously described survey and observations. Each group was asked about
their expectations associated with the use of escape room, how they encountered the introduction
in the mathematics course, and what thoughts they now had about the use of escape room as a
didactic tool in mathematics. By using semi-structured focus-group interviews, it was possible to
capture participants’ individual and joint perceptions. In addition, the focus-group setting gave
participants the opportunity to communicate with other group members, and through this to dis-
cuss, enlighten and elaborate on opinions and perceptions that emerged as a desired consequence
of the focus-group structure (Brinkmann & Kvale, 2015).

Analysis

The analyses in this study are based on a hermeneutical approach (e.g. Gilje & Grimen, 1993).
The analytic process started with a theory-driven identification of categories related to escape
room in GBL, and on Dewey’s theory of learning through experience. Four categories related to
learning were identified: experience, self-regulation, social interaction, and motivation, each be-
ing registered in the data material through moments of recognition given by features and aspects
identified through the elaboration of each category in the theoretical framework. This elaboration
is based on argumentation found in well-established educational research specifically targeting
each of these four categories. A directed content analysis (Hsieh & Shannon, 2005) of the survey
and observations was used to establish analytic impressions of the participants’ knowledge about
and experience with escape room before the interviews took place. In accordance with Hsieh and
Shannon (2005) a directed content analysis can be applied to identify, validate, and extend con-
ceptually a theoretical framework by using existing theory and prior research as key concepts for
initial coding categories.

In the next round of analysis, the same four categories experience, self-regulation, social interac-
tion, and motivation were used to analyze the transcribed data from the three focus-group inter-
views to further investigate how teacher education students experience an introduction to use of
escape room as a didactic tool in mathematics. This round of analysis consisted of multiple close
readings and interpretations of the transcripts. This was followed by attention to text segments in
the transcripts, a process that provided the study with selection of quotes to be used when pre-
senting findings. The students are identified through the following labelling: AS1, AS2, AS3,
AS4, BS1, BS2, BS3, BS4, CS1, CS2, CS3, CS4 in quotes from the three focus-group inter-
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views. Utterances from the researcher is labelled R. The identification of findings also provided
the opportunity to generate hypotheses and probable conclusions regarding possible impact on
teacher education students’ beliefs about mathematics teaching.

Trustworthiness

The trustworthiness of a qualitative research study will always be measured in relation to the va-
lidity and reliability of the study (Cresswell, 2014). In short, as a researcher, one must be aware
that one’s prejudices influence the research process, but still strive for transparency in the vari-
ous phases of data collection and analysis. For instance, when gathering data from the observa-
tion, field notes were written, and it was made sure that they were structured in a way that al-
lowed others to read and make sense of them. The field notes were read by the lecturer, who con-
firmed the registrations and impressions I had made. The dialogues from the video recordings
and focus-group interviews were transcribed, and analyzed. Another researcher might make dif-
ferent interpretations and reach other findings because of the nature of influence from prejudices
and preconceptions on interpretation of qualitative data (Gilje & Grimen, 1993). In this case, the
lecturer who orchestrated all three lesson used for the introduction read through both the tran-
scriptions from the interviews and my presentation of findings. He confirmed my interpretations
and identification of quotes to support the findings. The lecturer is an associate professor in
mathematics education. His credibility on this matter is founded on his broad background within
mathematics education research and competence within qualitative research, his knowledge of
introducing and using escape room in mathematics teaching and learning, and the fact that he
was present in all three observed lessons.

The framework of the study has also been verified to strengthen the trustworthiness. In Septem-
ber 2020, a pilot study on the planning and data-collecting parts of the design was carried out.
The survey, observation, and focus-group interview were piloted during the same course with the
same lecturer but a different group of teacher education students. Minor, practical adjustments
such as adding a head camera to each group during the group work were made after the pilot. In
addition, the decision to use three groups, each with four students, was one of convenience be-
cause it allowed for the possibility of ruling out any insecurity related to the occasional absence
of a student; data from two groups, each with three students, proved to give the study sufficient
data. To sum up, it has been attempted to be as transparent as possible in the data collection and
analyses, to provide replicable and valuable data that will provide trustworthy findings relevant
to the research question. These findings are presented in the next section.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.

S0



T
%ﬁw\ MATHEMATICS TEACHING RESEARCH JOURNAL 273

S iy SUMMER 2025
RESEARSN Vol17no 3

NYC MODEL

FINDINGS

The imperative of the findings section is to show, with support in quotes stemming from the in-
terviews with the students, how the introduction to the use of escape room as a didactic tool in
mathematics was experienced. The attention to findings is brought forward from a participant
point of view and a teacher point of view, respectively. In extension of these findings, some con-
siderations regarding impact on the students’ bildung are made.

Participant Point of View

The students described the experienced introduction as something different from what they were
familiar with in mathematics (conversations translated from Norwegian):

BS2: It contrasts traditional teaching. You might be much more active here, physically.

BS4: Yes. Mathematics is a subject where it is easy to become accustomed with a pattern of
individual solving of tasks, with offering of plenary explanations of how to solve them if
there are several pupils that do not understand what to do. But here...you solve problems,
and do not just sit at your desk and calculate, calculate, calculate...

R: So it has a physical dimension...because it invites movement?

BS4: Yes, in a way.

BS1: But also the inclusion of cooperation in mathematics. Normally, one is left alone to
work on a task at one’s desk, but in the escape room a group is supposed to reach solutions
together, and that contrasts pretty much what we are used to in mathematics lessons.

In their further elaboration on such an impression, a typical mathematics lesson was described as
follows: first, the teacher goes through a topic, then the pupils work individually with tasks, and
finally the teacher shows the pupils how to solve a selection of those tasks. This is an impression
that aligns with a traditional time signature for school mathematics lessons, identified by Top-
phol (2012). The introduction they experienced in relation to escape room, relied on participa-
tion-based experiences with problem-solving, exploring, play, and creativity with a didactical
tool that they were somewhat unfamiliar with. AS1 commented, “Well, it was something new.
We were like a group...it was an entirely different way of working, and we approached it in an-
other way than, at least I, approach a regular mathematical task.” The students argued that it was
essential that they got the opportunity to try out escape room themselves. This refers to the active
dimension of learning through experience (Dewey, 1916, 1938), and features related to group
dynamics (Lathwesen & Belova, 2021) and social interactions (Morell et al., 2020).

The students emphasized their own participation in encountering both the escape box and the es-
cape room that had mathematical content priority. When encouraged to elaborate further on their
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experiences with the introduction, they first reflected on the organization and presentation of ac-
tivities:

R: You only had 20 minutes to work on the escape box, being the first encounter with an es-
cape room session...

BSI: Yes.

R: How did you experience this encounter?

BS1: It was fun to see how simple and down-to-earth you can present the escape room set-
ting. Just use a box, with some tasks on it...and it instantly became apparent that we became
excited and engaged.

It seemed to be a positive surprise that the escape box invited the participants so rapidly to be-
come involved. Second, the students brought forward the problems they experienced as difficult
to solve, basically because they struggled to reach solutions to them. This is an understandable
attention, because of their need for solutions to all the problems, in order to escape the room,
which to some extent also nourished the students’ established opinion about the importance of
product (here: solution):

R: As part of the introduction lessons, [name of lecturer] also emphasized the debrief phase.
What do you think about the debrief of the escape room?

AS2: Very important.

R: How come?

AS2: To share both joys and frustrations...

R: Mmm?

AS2: Yes...in order to understand. At least on my behalf. I need to know how it is supposed
to be solved, or else it may torment me for hours, days...you name it! Haha!

R: So having the solutions to all the problems shared, so to speak...?

AS2: Well, yes. For me it is annoying not to be enlightened about how to solve it. By having
a debrief you get an impression of what the others did in the escape room as well, for in-
stance if you split the group in pairs, and you did not catch hold of what the other pair was
working on. Through a debrief I get to know what they were up to, instead of ending the es-
cape room experience knowing only about the parts I was involved in, and thereby not being
able to reflect on the holistic impression of the escape room because I do not know all the de-
tails. This has to be done in the debrief if it is not communicated while in the escape phase.
R: Okay...so bringing attention to each of the problems met in the escape room is important
in the debrief. Do you find other aspects relevant to pay attention to in a debrief?

AS4: Yes, how to approach the room. We learned a lot about that from our first escape room
try-out...What to look for, where to look, strategic use of the group. I remember that when
we tried the room created for us, we did not even find all the problems. We whirled purpose-
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lessly around, so to speak, looking neither up or down. After that we have become more syn-
chronized and strategic in our approach.

They pointed out the importance of using problem-solving strategies, solutions to problems,
sharing of choices and experiences, and self-regulation based strategy development regarding the
group’s choices and activity in the room. The attention to product and process culminated in the
students’ support to the necessity of a debrief session, in accordance with research on use of es-
cape room as a didactic tool (Sanchez & Plumettaz-Sieber, 2019). Later on in the interview AS2
also pointed out that it is easy to forget the problems if you are not given the opportunity to re-
flect on them afterwards. Through these reflections, Dewey’s (1916, 1938) dimension of passive
experience related to approaching problems in an escape room setting comes into display.

Furthermore, with relation to frames and settings for escape rooms, the students from a participa-
tor point of view discussed that the composition of a group seems important in an escape room,
and that the setting can wipe out attention to time and place. Student CS2 explained that she felt
confident being a member of the group she was assigned to (in the study). While referencing the
escape room her group tried she stated, “The fact that you [the other three group members] were
present made me feel that I cooperated, but I did the work all by myself without knowing.”
Hence, her confidence also enabled this student to be completely engrossed in her individual
work with one of the problems in the escape room. She indulged in the playful feature of the es-
cape room setting.

Teacher Point of View

The students acknowledged the balanced priorities between plenary lecturing and student partic-
ipation in the lessons. These holistic reflections brought forward specific attention to escape
room as a possible didactic tool in mathematics, from a teacher point of view:

BS2: I find that it is, in a way, mathematics with an aim. Traditionally pupils work with
tasks, but there is no aim to reach. In the escape room you have a clear aim. If one passion-
ately indulge the room’s context, then you have to solve the tasks in order to escape the
room. That makes the mathematics lesson motivating, as opposed to a regular lesson.

R: May such an alternative have some impact on the pupils’ learning in mathematics?

BS2: Well...yes, it might. Because you can use the escape room as a teaching method, and
relate it to various practical contexts and problems...and reach conclusions on site. You can
choose what context you want, like building a house, or whatever...you have to solve mean-
ingful mathematical problems in a context that makes sense in the present.
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BS2 experiences the escape room as a teaching method to possess a motivational dimension
through focus on aim, instant need for resources one has as participant, and relation to a mean-
ingful, practical context. This dimension was further exemplified through personal reflections on
experiences from the specific escape room they had encountered themselves.

The students had various opinions about the necessity of presentation of a reliable setting as par-
ticipants. One student (AS4) said that the story used did not catch his attention, while others
(CS2 and CS4) argued that it was the playful approach given by the setting that gave meaning to
the rules and motivation to solve the problems they encountered in the escape room. An example
given by CS4 to underpin the latter opinion was that they were not allowed to use the internet on
their mobile phones, as ‘there was no coverage in the cave they were trapped in’. However, from
a teacher point of view AS1 summarized the impression of possible influence of establishing a
viable setting for the escape room experience:

Well, we are grown-ups, but pretend that you are in primary school...Dim the lights, gather
in a circle, have a narrative...right? Build it up...like, eeeh, once upon a time...the
lights...people going back and forth...excitement about some issue that it is urgent to handle.
At least I believe that the introduction to a setting has a great influence on the entering of the
escape phase...at least it had for me!

Regarding the actual implementation the students mentioned the need for the escape room to be
practically manageable for the teacher in the classroom, yet recognizable as an escape room for
the pupils. This line of arguments was followed into the necessity of adapting the escape room to
the pupils’ age and maturity, but at the same time that children are used to role-playing and com-
plying with the rules given for games. The argumentation therefore prolonged into emphasis on
the importance of the possibility of learning through play, for instance through the following
quote by CS2: ““...I don’t think they [pupils] know that play is cooperation, but it is a natural in-
gredient when they create a fictional world and play in it together.”

The aspect of mathematical content was raised with reference to experience of the value of repe-
tition of mathematical content:

CS2: Yes, I also think it is a good way to use your knowledge... so that if you use it [escape
room] as repetition, then you can apply the knowledge you have gained.

R: Mmm.

CS2: And see that you manage to use it.

CS4: Mmm. Yes!

CS2: That it in a way becomes beneficial.

CS2 saw a didactic possibility for use of an escape room in mathematics linked to repetition of
mathematical knowledge, but then with support from CS4 extended into an argument for experi-
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ence of usefulness of application of mathematical knowledge in a new situation. To sum up the
impressions made from a teacher point of view the students claimed that what one already knows
may be beneficial in the present, and not just be possibly beneficial in the future. In relation to
this, the students argued for the importance of a teacher orchestrated debrief when the escape
room session is finished, in order to share and reflect upon the pupils’ experiences in the imple-
mentation phase, and establish connections to the learning objectives that the teacher had in mind
while planning and developing the escape room.

Impact on Bildung

In an extension of the above findings, it is significant that the students saw both application pos-
sibilities in their own teaching practice, and experienced glimpses of impact regarding their be-
liefs about mathematics teaching and learning, and thereby their development of mathematics
teacher identity. One student (AS4) concluded that he saw the opportunity and value for pupils to
gradually be challenged to make escape rooms for other pupils, because of the possible impact
on learning through creating:

AS4: 1 believe that it is more learning in developing escape rooms than it is to experience
them as participants...

AS1: Mmm.

AS4: ...when it comes to learning of mathematics. Because you actually, when making
something new, you have to use your knowledge, develop tasks, create the holistic setting,
pilot the tasks...does this work? Is it necessary to make adjustments? This is quite different
from being in an escape room as participant.

In another interview CS4 concluded, after some contemplation, “I believe that if we had not done
it [the escape room] at the teacher education ... then we probably would not use it when we start
working as mathematics teachers either. [Because you] have not tried it ... you know.” The ap-
plication of escape room becomes an active choice one makes as a mathematics teacher to possi-
bly improve one’s teaching for pupils’ learning of mathematics. These two quotations support
the impact of active and passive experiences on learning, through two students’ identification of
reflection on further use (AS4) and necessity of trying oneself (CS4). All in all, the introduction
to escape room provided the teacher education students with experiences related to both a hands-
on participant perspective and a more reflecting teacher perspective, for instance in an argument
for application of escape room in teaching of mathematics and social studies:

AS3: On my behalf, I have decided that escape room is something that I want to use in my
teaching, and especially emphasize an interdisciplinary relation.
R: Yes?
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AS3: For instance, since I have specialized in mathematics and social studies in my teacher
education, I see opportunities to intertwine knowledge-based attention to tasks and problems
from these subjects with for instance priority to development of competence in cooperative
work.

Such experiences may indicate an impact on the participating students’ beliefs about mathemat-
ics teaching and learning, because of their willingness to change. However, the possible impact
on their bildung is hidden, both for me as a researcher and for them. Hence, only hypotheses can
be generated regarding bildung and the teacher education students’ possible change agent influ-
ence stemming from the upcoming discussion of the findings related to the students’ experience
with the introduction to escape room, followed by conclusions that can only be probable.

Summary of Findings

To sum up, the findings show that traces of a traditional perspective on teaching and learning of
mathematics are clear among the students, for instance through their description of a typical
mathematics lesson and their stated importance of sharing the solutions or answers to the prob-
lems on the escape box and in the escape room in debrief sessions. The students compared new
input regarding teaching and learning of mathematics with their established beliefs about math-
ematics, but revealed glimpses of willingness and curiosity to change perspective, after being in-
troduced to use of escape room as a didactic tool in mathematics.

DISCUSSION

Through the introduction to escape room as a didactic tool in school mathematics, teacher educa-
tion students were given an opportunity to experience an approach to problem-solving in mathe-
matics that challenges the didactic of the traditional mathematics classroom (Van Zoest et al.,
1994; Topphol, 2012). The above findings describe the introduction as a somewhat surprising al-
ternative to the 12 teacher education students’ expectations for the mathematics classroom. The
findings, however, show that the students are open for change of perspective, after being intro-
duced to a GBL alternative that calls for a change of beliefs about teaching and learning of math-
ematics from a traditional, acquisition-based individual learning perspective to a more participa-
tion-based learning community perspective (Sfard, 1998; Wenger, 1999). The students appreci-
ated that escape room was introduced in a well-grounded manner, and that they had the oppor-
tunity to try out both an escape box and an escape room. This appreciation is shown first through
clear interest and arguments regarding organizing, adaptation to pupils and emphasis on variety
to positively influence motivation. Second, the students seemed to experience escape room as a
means of offering pupils a collective context for repetition of mathematical knowledge and skills
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through application in a new situation while experiencing the benefits of mathematical compe-
tence and social interaction in the present.

According to Dewey (1916; 1938), learning and experience are intertwined. One makes experi-
ences when one creates new balance through activity and consequences of the activity where
there previously was imbalance. At the same time, Dewey is concerned about the value of the
experiences and the direction in which the experiences orientate the learner. The intentions of,
for instance, the Norwegian curriculum for compulsory schooling imply that pupils should have
experiences that are not limited to cognitive knowledge and skills, but have a broader, education-
al perspective (Kunnskapsdepartementet, 2017). Within GBL experience, self-regulation, social
interaction and motivation are key areas in such a perspective, and the findings show that the
students seem aware of the opportunity to use escape room to adapt learning strategies to task re-
quirements (Zimmerman, 2000), to emphasize group dynamics (Peleg et al., 2019; Zhang et al.,
2019; Lathwesen & Belova, 2021; Veldkamp, 2022), and to generate motivation (Ryan & Deci,
2000b) regarding both subject matter content and development of 21 century skills (Andrews &
Bagdasar, 2023; Kunnskapsdepartementet, 2014; Morell et al., 2020). If so, this means that the
playful foundation of GBL, a socio-cultural approach to learning (Ouariachi & Wim, 2020; Plass
et al., 2015; Weines, 2021), and the acknowledgment of creative processes such as problem-
solving together suggest that an important objective is to go beyond subject matter content and
give priority to the learning process (Charlo, 2020). To succeed in paving the way for such a
learning objective the teacher must see the pupil, and not merely the subject and its content. Such
a perception does indeed both depend on the teacher, and influence the teacher.

The possible change of the participating teacher education students’ beliefs about mathematics
teaching and learning, in this particular case, surfaces through their experience with escape room
as a didactic tool that represents a change that the teacher education students seem to find inter-
esting. The main purpose of teacher education is to educate quality teachers, that is, teachers
who, in addition to scholar knowledge, know how to pave the way for pupils’ learning, or apply
a well-founded didactic approach. Requests for changes in the educational sector are based on
societal development, educational research, technological revolutions, and education policy re-
forms (European Schoolnet, 2018; OECD, 2019), and therefore teacher education students have
to learn how to relate to such requests for change through development of their own didactic
stance, operationalized through their teaching and continuous answering of the questions of what
you learn, and how you learn. One can relate to new active and passive experiences with reflec-
tion that leads to deliberate change of practice (Dewey, 1916). The opposite to adaptation and
embracing of changes and development is the routine, where the possibility of change is meas-
ured in relation to what is established, and then rejected. The experienced introduction to escape
room seems to offer an alternative to the traditional social and psychological norms of the math-
ematics classroom (Yackel & Rasmussen, 2002) through GBL’s emphasis on experience, self-
regulation, social interaction, and motivation.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.

S0



MATHEMATICS TEACHING RESEARCH JOURNAL 280
SUMMER 2025

TEACHING
RESEARCH Vol17no 3

The learner’s bildung is influenced through the meeting between object and subject, and stems
from her learning based on personal judgment of the value of content, form, and relations be-
tween these. Through didactic choices for the teaching and learning environment, the teacher
paves the way for experiencing such meetings. With reference to Klafki’s (1983) categorical
bildung, this means that if the teacher education student meets a well-founded introduction to a
new didactic approach in mathematics teaching (here: use of escape room in school mathemat-
ics), and this meeting awakes interest in and awareness about the interaction between what an es-
cape room is, how it represents learning possibilities in mathematics, and why the escape room
approach is emphasized because of mathematical content one can learn, then a categorical bild-
ung process is recognizable. When the teacher’s didactic choices for this meeting are based on a
balance between attention to content and the desire to play, and thereby based on the fundamen-
tal idea of GBL as an opportunity to learn through a duality of experiences and challenges en-
countered in the company of other players, a basis for categorical GBL bildung may be recog-
nizable. Such a basis may provide an environment for possible change in the participating teach-
er education students’ beliefs about mathematics teaching and learning and their identities as
mathematics teachers, that is prosperous from a Klafkian and Deweyan perspective. This might
support the teacher education students in becoming future change agents for the use of escape
room as one of several didactic tools in mathematics at the schools where they will be working
as mathematics teachers.

CONCLUSION

The findings in this study show that use of escape room in mathematics teaching was met from a
traditional perspective on teaching and learning of mathematics in school. However, the findings
also implied glimpses of willingness and curiosity about the idea of trying out this new, game-
based, didactic tool. The introduction offered them opportunities for both active and passive ex-
periences, and to reflect on teaching and learning of mathematics based on application of a new
didactic tool. This may have made a difference when it comes to the intrinsic impact on the stu-
dents’ beliefs and thereby bildung as mathematics teachers. One of the students (CS4) stated that
without the well-founded introduction to escape room she experienced, she would have been un-
likely to try out escape room as an activity in her own teaching practice. By bringing escape
rooms into mathematics teaching in school, the teacher education student may be recognized as a
mathematics teaching change agent, but such an initiative will only stem from an inner convic-
tion about the value of making such a didactic choice, related to one’s didactic stance.

The students’ participation in this study have made it possible to display valuable contributions
to the field of mathematics education. Collection of data regarding the teacher education stu-
dents’ introduction to the use of escape room as a didactic tool in mathematics, has made it pos-
sible to give empirical support to theoretical frameworks that investigate what constitutes GBL
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in mathematics. Through emphasis on the pivotal role of the teacher in planning, conducting, and
debriefing of an escape room experience in mathematics, this study also contributes to the grow-
ing body of knowledge about GBL in mathematics and more specifically about how escape room
may work as a beneficial and meaningful part of mathematics learning in the classroom.

It is necessary to highlight that this is a qualitative study where only 12 teacher education stu-
dents participated. This may open for theoretical generalization due to experiences other teachers
and researchers have with use of escape room in education. Selection of other students from the
group of 44 would have provided the study with other data (Brinkmann & Kvale, 2015). Howev-
er, due to the equal conditions in the introduction of escape room in mathematics, I assume that
such data would provide me with more or less the same foundation for analyses. Another possi-
ble limitation is the traditional perspective on mathematics teaching and learning held by the stu-
dents in the study. This is not necessarily the prevailing perspective among teacher education
students in mathematics neither in Norway, nor in other countries. A third limitation might be
choices made for the actual introduction, for instance the design of the escape room and choice
of mathematical problems. In reply to such limitations, the use of a GBL-based framework has
provided the study with a methodological approach to identify and understand teacher education
students’ reactions and responses to an introduction to use of escape room as a didactic tool in
mathematics. This offers a useful alternative for other researchers who are curious about use of
escape room in mathematics, for instance in relation to frontiers such as learning outcomes,
cross-sectional collaboration in both development and application of escape rooms in education,
and use of digital escape rooms. I am aware that this study is limited to investigate a selection of
teacher education students’ experiences with an introduction to escape room in mathematics.
Therefore additional research on teacher education students’ use of escape room as a didactic
tool in practice periods, or as new teachers in primary and lower secondary school teaching, is
needed to form an impression of their position as possible change agents when applying an es-
cape room based on the didactic questions of what you learn and how you learn.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.

S0



MATHEMATICS TEACHING RESEARCH JOURNAL 282
SUMMER 2025

TEACHING
RESEARSN Vol17no 3

NYC MODEL

REFERENCES

(1]

(2]

3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

Alabdulaziz, M. S. (2023). Escape rooms technology as a way of teaching mathematics to
secondary school students. Education and Information Technologies, 28, 13459-13484.
https://doi.org/10.1007/s10639-023-11729-1

Amundsen, G. Y. & Haakstad, J. (2018). Teaching in higher education — Consistency and
change in context and role. Journal of the European Higher Education Area, 2, 83-98.

Andrews, J. & Bagdasar, O. (2023). Escape Rooms for Secondary Mathematics
Education: Design and Experiments. Open Education Studies, 5, 20220194.
https://doi.org/10.1515/edu-2022-0194

Andriyani (2023). Stimulation of Cognitive and Psychomotor Capability by Game-Based
Learning with Computational Thinking Core. Mathematics Teaching Research Journal,
15(5), 76-104.

Arneberg, P. (2008). Pedagogisk dannelse og etikk [ Pedagogical bildung and ethics].
Cappelen akademiske forlag.

Béguin, E., Besnard, S., Cros, A., Joannes, B., Leclerc-Istria, O., Noél, A., ... Nicomette,
V. (2019). Computer-security-oriented escape room. IEEE Security & Privacy, 17(4),
78-83.

Beijaard, D., Verloop, N., Wubbels, T. & Feiman-Nemser, S. (2000). The professional
development of teachers. In R. J. Simmons, J. van der Linden, & T. Duffy (Eds.), New
learning (pp. 261-274). Kluwer Academic Publishers.

Bishop, A. (2001). Educating Student Teachers about Values in Mathematics Education.
In F.-L. Lin & T. J. Cooney (Eds.). Making Sense of Mathematics Teacher Education
(pp.233-246). Kluwer Academic Publishers.

Bober, M. (2010). Games-based experiences for learning. Manchester Metropolitan
University.

Borasi, R. & Finnegan, K. (2010). Entrepreneurial attitudes and behaviors that can help
prepare successful change-agents in education. New Educator, 6(1), 1-29.

Borrego, C., Fernandez, C., Blanes, I. & Robles, S. (2017). Room escape at class: Escape
games activities to facilitate the motivation and learning in computer science. Journal of
Technology and Science Education, 7(2), 162—171.

Brinkmann, S. & Kvale, S. (2015). Interviews. Learning the craft of qualitative research
interviewing (3" ed.). Sage.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



(13]

(14]

(15]

[16]

(17]

(18]

[19]
[20]

[21]

[22]

(23]

[24]

[25]

MATHEMATICS TEACHING RESEARCH JOURNAL 283
SUMMER 2025

TEACHING
RESEARSN Vol17no 3

NYC MODEL

Charlo, J. C. P. (2020). Educational escape rooms as a tool for horizontal
mathematization: Learning process evidence. Education Sciences, 10(9), 213-229.
https://doi.org/10.3390/educscil 0090213

Christopoulos, A., Mystakidis, S., Kurczaba, J., Laakso M-J. & Stylios, C. (2024). Is
Immersion in 3D Virtual Games Associated with Mathematical Ability Improvement

in Game-Based Learning? International Journal of Science and Mathematics Education.
https://doi.org/10.1007/s10763-023-10440-4

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods
approaches (4" ed.). Sage.

Deci, E. L. & Ryan, R. M. (1985). Intrinsic motivation and self-determination in human
behavior. Plenum Press.

de la Flor, D., Calles, J. A., Espada, J. J. & Rodriguez, R. (2020). Application of escape
lab-room to heat transfer evaluation for chemical engineers. Education for Chemical
Engineers, 33, 9—16.

Dewey, J. (1916). Democracy and education. In J. A. Boydston (Ed.), John Dewey. The
Middle Works, 1899-1922 (Vol. 9, 1916(1980)). Southern Illinois University Press.

Dewey, J. (1938). Experience and education. Kappa Delta Pi.

European Commission. (2015). ECTS User’s Guide European Union. Luxembourg:
Publication Office of the European Union.

European Schoolnet. (2018). Science, technology, engineering and mathematics
education policies in Europe. Scientix Observatory report. European Schoolnet.

Ferreiro-Gonzalez, M., Amores-Arrocha, A., Espada-Bellido, E., Aliafio-Gonzalez, M. J.,
Vézquez-Espinosa, M., Gonzalez-de-Peredo, A. V., ...Cejudo-Bastante, C. (2019).
Escapeclassroom: Can you solve a crime using the analytical process? Journal of
Chemical Education, 96(2), 267-273.

Fuentes-Cabrera, A., Parra-Gonzélez, M. E., Lopez-Belmonte, J. & Segura-Robles, A.
(2020). Learning mathematics with emerging methodologies—The escape room as a case
study. Mathematics, 8(9), 1586. https://doi.org/10.3390/math8091586

Gilje, N. & Grimen, H. (1993). Samfunnsvitenskapens forutsetninger. Innforing i
samfunnsvitenskapens vitenskapsfilosofi [ The prerequisites of social science. Introduction
to the philosophy of science in the social sciences]. Universitetsforlaget.

Hohr, H. (2011). Kategorial danning og kritisk-konstruktiv didaktikk — den didaktiske
tilnermingen hos Wolfgang Klafki [Categorical bildung and critical-constructive
didactics — the didactical approach of Wolfgang Klafki]. In K. Steinsholt & S. Dobson

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

MATHEMATICS TEACHING RESEARCH JOURNAL 284
SUMMER 2025

TEACHING
RESEARSN Vol17no 3

NYC MODEL

(Eds.), Dannelse. Introduksjon til et ullent pedagogisk landskap [Bildung. Introduction to
a woolly pedagogical landscape], (pp. 163—175). Tapir Akademisk Forlag.

Hsieh, H-F. & Shannon, S. E. (2005). Three approaches to qualitative content analysis.
Qualitative Health Research, 15(9), 1277-1288.
https://doi.org/10.1177/1049732305276687

Jiménez, C., Aris, N., Ruiz, A. A. M. & Orcos, L. (2020). Digital escape room, Using
Genial.Ly and A Breakout to learn algebra at secondary education level in Spain.
Education Sciences, 10(10), 271-284. https://doi.org/10.3390/educscil 0100271

Klafki, W. (1983). Kategorial dannelse. Bidrag til en dannelsesteoretisk fortolkning af
den moderne didaktik [Categorical Bildung. Contributions to a bildung-theoretical
interpretation of the modern didactics]. In W. Klafki (Ed.), Kategorial dannelse og
kritisk-konstruktiv peedagogik [ Categorical Bildung and critical-constructive pedagogy],
(pp. 33-72). Nyt Nordisk Forlag.

Korsgaard, O. & Levlie, L. (2003). Indledning [Introduction]. In R. Slagstad, O.
Korsgaard & L. Lovlie (Eds.), Dannelsens forvandlinger (2. utg.) [The transformations of
bildung (2" ed.)] (pp. 9-36). Pax Forlag AS.

Krumsvik, R. J. (2019). Kvalitativ metode i lcererutdanninga [ Qualitative method in
teacher education). Fagbokforlaget.

Kunnskapsdepartementet. [Ministry of Education] (2014). NOU 2014: 7 Elevenes lering
i fremtidens skole— Et kunnskapsgrunnlag. 8 kompetanser for det 21. drhundre [NOU
2014: 7 The pupils’ learning in the school of the future — a knowledge base].
Kunnskapsdepartementet.

Kunnskapsdepartementet. [Ministry of Education] (2017). Overordnet del — verdier og
prinsipper for grunnoppleeringen. Leereplanverket for Kunnskapsloftet 2020 [General
part —values and principles for basic education. The national curriculum for knowledge
promotion in primary and secondary school]. Kunnskapsdepartementet.

Khusna, A. H., Siswono, T. Y. E. & Wijayanti, P. (2024). Mathematical Problem Design
to Explore Students’ Critical Thinking Skills in Collaborative Problem Solving.
Mathematics Teaching Research Journal, 16(3), 217-240.

Lathwesen, C. & Belova, N. (2021). Escape rooms in STEM teaching and learning —
Prospective field or declining trend? A literature review. Education Sciences, 11(6), 308.

Lee, W-C. & Lai, C-L. (2024). Facilitating Mathematical Argumentation by Gamifcation:
A Gamifed Mobile Collaborative Learning Approach for Math Courses. International
Journal of Science and Mathematics Education. https://doi.org/10.1007/s10763-024-
10462-6

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



(36]

(37]

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

MATHEMATICS TEACHING RESEARCH JOURNAL 285
SUMMER 2025

TEACHING
RESEARSN Vol17no 3

NYC MODEL

Lépez-Pernas, S., Gordillo, A., Barra, E. & Quemada, J. (2019). Examining the use of an
educational escape room for teaching programming in a higher education setting. /EEE
Access, 7,31723-31737.

Moon, J. Yeo, S., Si, Q. & Ijeluola, A. S. (2024). A scoping review of game-based
learning for mathematics teacher education. International Journal of Mathematical

Education in Science and Technology, 1-29.
https://doi.org/10.1080/0020739X.2024.2337934

Morell, B. L. M., Eukel, H. N. & Santurri, L. E. (2020). Soft skills and implications for
future professional practice: Qualitative findings of a nursing education escape room.
Nurse Education Today, 93, 104462.

Nicholson, S. (2015). Peeking behind the locked door: A survey of escape room facilities.
Scott Nicholson homepage. http://scottnicholson.com/pubs/erfacwhite.pdf

Nicholson, S. (2018). Creating engaging escape rooms for the classroom. Childhood
Education, 94(1), 44-49.

Nicholson, S. & Cable, L. (2021). Unlocking the potential of puzzle-based learning:
Designing escape rooms and games for the classroom. Corwin.

Organisation for Economic Co-operation and Development (OECD). (2019). OECD
future of education and skills 2023. OECD. https://www.oecd.org/education/2030-

project/teaching-and-learning/learning/

Ouariachi, T. & Wim, E. J. L. (2020). Escape rooms as tools for climate change
education: an exploration of initiatives. Environmental Education Research, 26(8), 1193—
1206.

Peleg, R., Yayon, M., Katchevich, D., Moria-Shipony, M. & Blonder, R. (2019). A lab-
based chemical escape room: Educational, mobile, and fun! Journal of Chemical
Education, 96(5), 955-960.

Philipp, R. A. (2007). Mathematics Teachers’ Beliefs and Affect. In F. Lester Jr. (Ed.),
Second Handbook of Research on Mathematics Teaching and Learning (pp. 257-315).
Information Age Publishing.

Pintrich, P. R. (2003). Motivation and classroom learning. In W. M. Reynolds & G. E.
Miller (Eds.), Handbook of psychology (pp. 103-122). John Wiley & Sons.

Plass, J. L., Homer, B. D. & Kinzer, C. K. (2015). Foundations of game-based learning.
Educational Psychologist, 50(4), 258-283.

Polya, G. (1981). Mathematical Discovery. On Understanding, Learning, and Teaching
Problem Solving (3" ed.). John Wiley & Sons.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



[49]

(50]

(51]

(52]

(53]

(54]

[55]

(56]

(57]

(58]

(59]

MATHEMATICS TEACHING RESEARCH JOURNAL 286
SUMMER 2025

TEACHING
RESEARSN Vol17no 3

NYC MODEL

Ryan, R. M. & Deci, E. L. (2000a). Intrinsic and extrinsic motivations: Classic
definitions and new directions. Contemporary Educational Psychology, 25(1), 54-67.

Ryan, R. M. & Deci, E. L. (2000b). Self-determination theory and the facilitation of
intrinsic motivation, social development, and well-being. American Psychologist, 55(1),
68-78.

Salen, K. & Zimmerman, E. (2004). Rules of play: Game design fundamentals. MIT
Press.

Sanchez, E. & Plumettaz-Sieber, M. (2019). Teaching and learning with Escape Games
from Debriefing to Institutionalization of Knowledge. In M. Gentile, M. Allegra & H.
Sobke (Eds.), Proceedings of the 2018 International Conference on Games and Learning
Alliance. Palermo, Italy (pp. 242-253). Springer.

Schoenfeld, A. H. (1993). Teaching mathematical thinking and problem solving. In
SANN, JA! - Rapport fra konferanse om matematikkdidaktikk og kvinner i matematiske
fag [THAT’S RIGHT! — Report from conference about mathematics education and
women in mathematics subjects], 2(93), 67-89. Norges forskningsrad [Norwegian
Research Council].

Sfard, A. (1998). On two metaphors for learning and the dangers of choosing just one.
Educational Researcher, 27(2), 4—13.

Stolee, M. A. (2021). Descriptive schema for escape games. Well Played: A Journal on
Video Games, Value and Meaning, 10(1), 5-28.

Straum, O. K. (2018). Klafkis kategoriale danningsteori og didaktikk. En nermere
analyse av Klafkis syn pd danning som prosess med vekt pa det fundamentale
erfaringslag. [Klafki’s categorical bildung theory and didactic. A closer analysis of
Klafki’s view on bildung as a process with emphasis on the fundamental layer of
experience]. In K. Fuglseth (Ed.), Kategorial danning og bruk av IKT i undervisning
[Categorical bildung and use of ICT in teaching] (pp. 131-153). Universitetsforlaget.

Taraldsen, L. H., Haara, F. O., Lysne, M. S., Jensen, P. R. & Jenssen, E. S. (2020). A
review on use of escape rooms in education — Touching the void. Education Inquiry,
13(2), 169-184.

Thompson, A. G. (1992). Teacher’s beliefs and conceptions: A synthesis of the research.
In D. G. Grouws (Ed.), Handbook of research on mathematics teaching and learning (pp.
127-146). Macmillan.

Toft, A. (2018). Nettbrett, fortelling og kategorial danning [Tablet, narrative and
categorical bildung]. In K. Fuglseth (Ed.), Kategorial danning og bruk av IKT i
undervisning [ Categorical bildung and use of ICT in teaching] (pp. 131-153).
Universitetsforlaget.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



(60]

(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

[70]

MATHEMATICS TEACHING RESEARCH JOURNAL 287
SUMMER 2025

TEACHING
RESEARSN Vol17no 3

NYC MODEL

Topphol, A. K. (2012). “Da klokka klang...” — om timesignaturane til matematikk og
naturfag [“When the bell rang...” — about the time signatures of mathematics and
science]. In P. Haug (Ed.), Kvalitet i oppleeringa. Arbeid i grunnskulen observert og
vurdert [Quality in the training: Work in primary and lower secondary school observed
and evaluated] (pp. 122—143). Samlaget.

Torjussen, L. P. S. (2011). Danning, dialektikk, dialog — Skjervheims og Hellesnes’
pedagogiske danningsfilosofi [Bildung, dialectics, dialogue — The pedagogical bildung
theories of Skjervheim and Hellesnes]. In K. Steinsholt & S. Dobson (Eds.), Dannelse.
Introduksjon til et ullent pedagogisk landskap [Bildung: Introduction to a woolly
pedagogical landscape] (pp. 143—-162). Tapir akademisk forlag.

Udir. [Directorate for Primary and Secondary Education] (2019). Leereplan i matematikk
1.-10.trinn [The Curriculum in mathematics 1st-10th grade]. Udir.

Van der Heijden, H. R. M. A., Geldens, J. J. M., Beijaard, D. & Popeijus, H. L. (2015).
Characteristics of teachers as change agents. Teachers and Teaching, 21(6), 681-699.

Van Zoest, L. R., Jones, G. A. & Thornton, C. A. (1994). Beliefs about mathematics
teaching held by pre-service teachers involved in a first grade mentorship program.
Mathematics Education Research Journal, 6(1), 37-55.

Veldkamp, A., Daemen, J., Teekens, S., Koelewijn, S., Knippels, M-C. P. J. & van
Joolingen, W. R. (2020a). Escape boxes: Bringing escape room experience into the
classroom. British Journal of Educational Technology, 51(4), 1220-1239.

Veldkamp, A., Niese, J. R., Heuvelmans, M., Knippels, M-C. P. J. & van Joolingen, W.
R. (2022). You escaped! How did you learn during gameplay? British Journal of
Educational Technology, 53, 1430-1458. https://doi.org/10.1111/bjet.13194

Veldkamp, A., van de Grint, L., Knippels, M.-C. P. J. & van Joolingen, W. R. (2020b).
Escape Education: A systematic review on escape rooms in education. Educational
Research Review, 31, 100364.

Vergne, M. J., Simmons, J. D. & Bowen, R. S. (2019). Escape the lab: An interactive
escape-room game as a laboratory experiment. Journal of Chemical Education, 96(5),
985-991.

Weines, J. (2021). Game-based learning for marine resource management. Reflections
on using games in the Bachelor of Science in Fisheries and Aquaculture (Ph.D. thesis).
UiT: The Arctic University of Norway

Wenger, E. (1999). Communities of practice: Learning, meaning and identity. Cambridge
University Press.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



[71]

[72]

(73]

[74]

[75]

MATHEMATICS TEACHING RESEARCH JOURNAL 288
SUMMER 2025

TEACHING
REESAREN Vol17 no 3

NYC MODEL

Wilkinson, P. (2016). A brief history of serious games. In R. Dorner, S. Gébel, M.
Kickmeier-Rust, M. Masuch & K. Zweig (Eds.), Entertainment computing and serious
games (pp. 17-41). Springer.

Yackel. E. & Rasmussen, C. (2002). Beliefs and norms in the mathematics classroom. In
G. C. Leder, E. Pehkonen & G. Torner (Eds.), Beliefs: A hidden variable in mathematics
education? (pp. 313-330). Kluwer Academic Publishers.

Zhang, X. C., Diemer, G., Lee, H., Jaffe, R. & Papanagnou, D. (2019). Finding the ‘QR’
to patient safety: Applying gamification to incorporate patient safety priorities through a
simulated ‘escape room’ experience. Cureus, 11(2), e4014.

Zimmerman, B. J. (2000). Attaining self-regulation. A social cognitive perspective. In M.
Boekaerts, P. R. Pintrich & M. Zeidner (Eds.), Handbook of self-regulation (pp. 13-39).
Academic Press.

Zimmerman, B. J. & Schunk, D. H. (2001). Reflections on theories of self-regulated
learning and academic achievement. In B. J. Zimmerman & D. H. Schunk (Eds.), Self-
regulated learning and academic achievement: Theoretical perspectives (pp. 273-292).
Erlbaum.

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must

license the modified material under identical terms.

S0



