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Recently, there has been an increased emphasis on the use of educational escape rooms (EERs) in educational 

research. In this article, four pre-service teachers (PSTs) plan an EER for implementation with 9th grade 

students in their teaching practice period. The aim of the research is to explore the priorities that the PSTs 

set at the planning and implementation stages regarding both content and form. Qualitative data were 

collected through observation and focus group interviews, which were analysed in four phases inspired by 

constant comparative analysis. The results are discussed in relation to theories and research on teacher 

content knowledge, problem-solving in mathematics, and EER in the mathematics classroom. It appears that 

planning and implementing an EER for use in mathematics teaching is a complex, challenging task, requiring 

knowledge-based attention to both content and form, as well as the need for a clear motivation for bringing 

an EER into the mathematics classroom. Regardless of how an EER is planned and implemented, an 

implication of the results in the article is that the underlying rationale of the teacher’s priorities for the 

students’ learning outcomes must be evident, and these priorities must match the expected features of an 

EER. 
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Introduction 

According to the literature, an escape room is defined as a live-action team-based game in which the 

players discover clues, solve puzzles, and accomplish tasks to complete a mission in a limited amount 

of time (Nicholson, 2015). When a teacher brings an escape room into a classroom context, it can be 

referred to as an educational escape room (EER) (Veldkamp et al., 2020b). Although the structure of 

EERs may differ, the game typically consists of an introduction phase, an escape phase, and a debriefing 

phase (Sanchez & Plumettaz-Sieber, 2019; Wiemker et al., 2015). The game-master (in school settings 

often a role filled by the teacher) introduces the story to the players (students) and provides information 

about the game’s purpose and the rules that need to be followed. During the escape phase, the game-

master monitors the game and may provide players with hints to ensure progress. In the final debriefing, 

strategies and solutions are discussed. Studies have shown that this debriefing phase is particularly 

relevant to achieving learning objectives (Botturi & Babazadeh, 2020; Sanchez & Plumettaz-Sieber, 

2019; Veldkamp et al., 2022). 

Problem-solving is a key element in mathematics, and competence in mathematical problem-

solving relies on the application of mathematical knowledge and skills (Schoenfeld, 1993) and heuristic 

strategies (Polya, 1990). Mathematics education research also emphasises that problem-solving may be 

a social activity (Liljedahl & Cai, 2021). In mathematics teaching, EERs are being used to emphasise the 

application of both specific mathematical competences, such as geometry and algebra (Andrews & 

Bagdasar, 2023; Jiménez et al., 2020), and of soft skills related to problem-solving, such as 

communication, creativity and cooperation (Charlo, 2020; Peleg et al., 2019; Zhang et al., 2019). Such 

priorities in mathematics teaching reflect the worldwide acknowledgement of the need to educate 
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future generations in addressing and dealing with complex problems (European Commission, 2018; 

OECD, 2019). 

Studies to date provide knowledge on how EERs can be applied in mathematics teaching (Andrews 

& Bagdasar, 2023; Charlo, 2020; Fuentes-Cabrera et al., 2020), and about the motivation behind the 

choice to use them (Taraldsen, in press). Less is known, however, about the priorities teachers set when 

planning for such use, and about the implementation in the classroom once the decision to bring the 

EER into the mathematics classroom has been made. The overarching rationale for this article is to 

contribute to establishing a body of knowledge about “if, how, why and when” EERs are used as a 

didactic tool (Taraldsen et al., 2020) by focusing on the operationalisation of an EER in mathematics 

teaching. This is achieved by studying one detailed case of how the use of an EER was planned and 

implemented in a mathematics classroom in a lower secondary school in Norway. The teacher 

perspective is at the centre of attention in this case, given that it is the teacher who brings the EER into 

the classroom. Applying an EER may be a decision that is made outside of the classroom, but once it is 

made, the teacher—through the authority, trust, and responsibility that come with the position as 

teacher—is left with the task of operationalising the EER in the classroom with the specific learning 

objectives in hand. In general, this process lays stress on the teacher’s knowledge, both subject matter 

knowledge and pedagogical content knowledge (Ball et al., 2008; Shulman, 1986).  

Nielsen and Bostic (2020) call for pre-service teachers' (PSTs') experiences with problem-solving in 

their education. The present case involves four Norwegian PSTs, participating in a mathematics course 

where the emphasis is on problem-solving. One element in this course is the introduction of an EER as 

a possible didactic tool: one that relies on the PSTs' active and passive experiences with EERs throughout 

the course. In the course, a general introduction to EERs is given and PSTs experience both an EER 

related to a break-out box (Veldkamp et al., 2020a) and a fully developed EER with emphasis on school 

mathematics. Once PSTs are familiarised with the use of an EER as a possible didactic tool, they switch 

roles from participant to director (i.e., from PST to teacher). This is because one of the mandatory 

learning activities for the PSTs in the course is to plan an EER and implement it with students during a 

school practice period. Given that someone (i.e., the course lecturer) made the decision to use an EER 

in the mathematics classroom, rules out the discussion about "if, why and when", and opens for the  

PSTs' concentration to be on the "how". PSTs are not affected by prevailing conventions at a workplace 

(e.g., school), apart from the beliefs about mathematics teaching they bring into their teacher education, 

which is based on their own previous experience as students (Van Zoest et al., 1994). Hence, when given 

a mandatory learning activity, the PSTs can devote themselves entirely to the tasks of planning and 

implementing the EER because they do not have the teacher’s need for a long-term perspective or need 

to attend to the often hectic state of the school’s daily life. Thus, the PSTs are on this occasion an ideal 

source of data. Their attention to bringing the EER into the mathematics classroom is narrowed down 

to their own priorities within the framework provided by the mandatory learning activity, and discussion 

with their teaching practice mentor (the teacher of the class where they will have their upcoming practice 

period) about the curriculum the students are familiar with or to which they are about to be introduced. 

Focusing on "how" in the PSTs' planning and implementation implies accepting the rationale for 

EER as a mandatory learning activity, and for individual PSTs it relies on both their curiosity about how 

an EER may be used in the mathematics classroom, and on their motivation for carrying out the activity. 

At the operational level it implies focus on their priorities in the planning and implementation of the 

mandatory learning activity. This represents an opportunity to gain new insight into the PSTs' priorities 

regarding both content and form, and the foundation for these priorities. Based on such considerations, 

the following research question is addressed in this article, with the aim of elucidating priorities that 

influence the operationalisation of an EER in the mathematics classroom:  

What priorities are set by PSTs when planning and implementing an educational escape room in 

mathematics teaching? 
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Theoretical Background 

Teacher Content Knowledge 

Shulman (1986) addressed the issue of teachers’ content knowledge and identified different kinds of 

intertwined knowledge. He emphasised that it is not sufficient for teachers simply to master the content 

(i.e., subject matter knowledge). It is also imperative that they facilitate the desired content so that 

students can learn in a way that makes it comprehensible (i.e., pedagogical content knowledge); 

moreover, teachers should aim to relate their approach to teaching to topics and issues encountered 

by students in other subjects (i.e., curricular knowledge). This means that learning objectives are 

influenced by subject matter content, teachers’ beliefs about what to learn and how to learn it, and by 

their attention to students' near (in school) and distant (societal) surroundings. Influenced by Shulman’s 

work, Ball et al. (2008) developed a practice-based theory that identified domains of mathematical 

knowledge for teaching in which the teacher should pay attention to knowledge of both content and 

form when planning and implementing the learning of mathematics. Such attention will then be of 

importance when planning and implementing an EER. 

Problem-solving in Mathematics 

Based on the theory of mathematical problem-solving proposed by Polya (1990) in the 1940s, a problem 

is identified when one faces a challenge, and experiences a need or desire to solve it, but do not have 

an immediate approach or method for this purpose at hand. According to Polya (1990), problem-solving 

is the process of analysing the problem, developing a plan, executing the plan, and validating the 

outcome. In mathematical problem-solving, the first of these four stages requires the problem-solver 

to acknowledge that there is a problem to solve and then apply one or more heuristic strategies to 

analyse the problem, with the subsequent goal of developing and executing a plan that will produce a 

viable solution to the problem. With reference to Polya’s (1990) proposed heuristic strategies, Liljedahl 

et al. (2016) identified some recognisable characteristics of the high-quality problem-solver as being 

able to: reduce the problem to its essential nature by visualisation and structuring; think backwards from 

a desired outcome; see the problem from various angles, and thereby recognise internal relations; 

change the approach adopted; and transfer well-known approaches and procedures from one problem 

to another. 

Bringing problem-solving into the mathematics classroom requires the mathematics teacher to 

emphasise both mathematical content (what mathematical objectives to plan for) and pave the way for 

students to develop into high-quality problem-solvers (how to work with problems in mathematics). 

These two goals make demands on the teacher’s mathematical content knowledge, knowledge of the 

students’ experience with problem-solving, and knowledge of how to develop the characteristics of 

good problem-solvers. In other words, the teacher needs to be mathematically skilled and be able to 

improvise while the students work on a problem based on developments taking place in the 

mathematics problem-solving classroom. 

Smith and Stein (2018) present five practices for orchestrating productive mathematics discussions 

with an aim of mitigating the need for teacher improvisation while promoting reasoning and problem-

solving: anticipating, monitoring, selecting, sequencing, and connecting. In addition, they argue for a 

"Practice 0" consisting of goal setting, since this must occur in any case before the teacher can 

orchestrate a productive discussion. This argument adds to the requirement of a planning phase. 

Attention needs to be given to goalsetting to anticipate possible strategic approaches and attempts to 

solve the problem, monitoring students to determine how action may be carried out, organising the 

selection and sequencing of students’ approaches and attempts for plenary sharing, and finally, and 

linking the shared attempts to the mathematical learning objective(s) for the lesson. Then, the latter 

four of the practices proposed by Smith and Stein (2018) are put into action. Hence, the teacher’s 

reliance on subject matter knowledge in mathematics, pedagogical content knowledge and curricular 
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knowledge are present both before and during the planned mathematical problem-solving lesson. This 

strategy for diminishing the necessity of the teacher’s content knowledge virtuosity and improvisation 

is recognised with respect within mathematics education (e.g., Kaplinsky, 2019; King, 2019). The five-

practice structure of Smith and Stein (2018) relies on acknowledging socio-cultural principles such as 

participation in a learning environment, communication with others, and students' co-responsibility for 

linking of content and form. This also implies, in a Deweyan sense, acknowledging that learning is 

something more than merely acquiring knowledge, because students are assumed to learn by 

participation; that is, through engaging in (i.e., reflection on) shared active experiences (e.g., Dewey, 

1916, 1938). 

EER in the Mathematics Classroom 

A number of studies have reported on bringing the EER into the mathematics classroom (e.g., Arnal-

Palacián et al., 2019; Fuentes-Cabrera et al., 2020; Jiménez et al., 2020). Clarke et al. (2017) presented a 

theoretical framework for creating EERs that was inspired by game-based learning, and is comprised of  

six areas: participants, objectives, theme, puzzles, equipment, and evaluation. All these areas are part of 

the teacher’s planning, and although some of them are quite fixed in a school setting (e.g., the number 

of students, down-to-earth complexity regarding equipment, and matters relating to the curriculum), 

other aspects are left for the teacher and, if desired, the students to decide (e.g., learning objectives, the 

escape room theme, puzzles to be used, and evaluation). Clarke et al. (2017) stressed that their 

framework is a proposed development tool that needs to be modified based on conducting specific 

case studies that focus on the planning, facilitation, execution and evaluation of EERs, for example, in a 

mathematics classroom setting in a Norwegian lower secondary school. 

Clarke et al. (2017) argued that EERs allow students to apply a variety of problem-solving 

approaches to develop their abilities in learning processes and to experience the impact they may have 

in problem-solving processes through the human tendency to learn by playing. Bertoni and Maffia 

(2022) added to the focus on problem-solving abilities and soft-skills development by reflecting on the 

opportunity that EERs provide to enhance students' development of creative skills. In this way, they echo 

the attention given by Polya (1990) and Liljedahl et al. (2016) to problem-solver strategies and 

characteristics. They conject that puzzles in EER may provide contexts where the mathematics that needs 

to be used is not already explicated to the contestants. In sum, when planning and implementing an 

EER in mathematics teaching, the teacher has to attend to priorities regarding both content and form, 

or as argued by Ball et al. (2008), rely on knowledge about mathematical content, teaching and students 

as Smith and Stein (2018) suggested. 

Method 

Qualitative research is used to understand individuals’ opinions about social or human phenomena 

(Creswell, 2014). The present case examines the approach of four PSTs to issues concerning “how” in 

their work with a mandatory learning activity involving an EER in mathematics teaching. A qualitative 

approach was applied to explore the priorities that the four PSTs set when planning the EER for 

implementation with 9th grade students (approximately 15 years old), in a practice period as part of 

their teacher education. According to Yin (2014), a case study is defined as an empirical investigation 

that studies something in its real context but is limited by both time and place because the boundary 

between what is to be studied and the context is unclear. The present case study was conducted within 

a two-month period during the sixth semester of the PSTs' 5-year teacher education. 

Description of the Case 

In the beginning of 2021, four PSTs participated in the study; they were part of a group of 44 PSTs 

taking a 7.5 ECTS (European Credit Transfer and Accumulation System) mathematics education course 
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on problem-solving. One part of the course focused on EER as a didactic tool in mathematics teaching. 

The four PSTs were given a general introduction to the use of EERs, and a mandatory learning activity 

was introduced (Figure 1). The four PSTs worked together on campus with the planning of the EER and 

then implemented it in their practice period. They were assigned to the same practice group at a school 

and had a teacher at the school as their joint practice mentor. 

 

Figure 1. The mandatory learning activity (author translation). 

The mandatory learning activity was divided into two parts (Figure 2). In Part 1, the PSTs planned 

an EER, in Part 2, they implemented it in the teaching of mathematics during their practice period. In 

this study, data were collected through both observation and interviews. The author observed the PST 

group in four planning sessions and in their piloting of the EER with fellow PSTs, after which the first 

semi-structured group interview was conducted. Later, two sessions were observed to capture the 

implementation phase of the EER during the PSTs' practice period. Data collection ended with the 

second group interview about one month after completion of the practice period. Figure 2 shows a 

timeline of the case with data collection. 

 

Figure 2. Timeline of the case. 

Mandatory learning activity: Planning and implementing an EER in mathematics teaching 

In groups, you are required to plan an EER and implement it during the upcoming practice period. 

The aim of this activity is for PSTs to proceed in accordance with the following learning objectives: 

• PSTs can critically assess and adapt didactic approaches that encourage students to reflect, be 

creative, and explore. 

• PSTs can contribute to the analysis of, reflection on, and justification of how teachers can influence 

the learning environment and motivation for mathematics through their didactic choices. 

The learning activity comprises the following three steps: 

1. Planning of teaching that includes implementation of an EER, which is to be adapted to the age of 

the students and should contain mathematical content that students are either familiar with or will 

encounter during the practice period. Development of the EER must take place before the practice 

period starts. The EER must last at least 60 minutes, and consist of an introduction phase, an escape 

phase, and a debriefing phase. The EER shall be piloted with fellow PSTs before the practice period 

(the time schedule for this is published on Canvas). 

2. Implementation of the EER during the practice period. 

3. Submission of a written report (the criteria for content and structure are published on Canvas). The 

group of four PSTs submits a joint report. 
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In Part 1, Planning an EER, the PSTs started the group work directly after the learning activity had 

been introduced. No fixed meeting times were set and the PSTs themselves decided when to work on 

the assignment. In the description of the learning activity (Figure 1), there were some guidelines that 

the PSTs had to follow. For instance, the EER had to be related to the mathematical content on which 

the students in the practice period class were working. I observed the group when they worked together, 

one advantage of which is that information is obtained about participant interaction in the context being 

studied (Krumsvik, 2019). During the four group work sessions, I completed an observation form where 

I wrote down my descriptions of what happened and my immediate impressions of PSTs' active and 

passive experiences (Dewey, 1916, 1938). During the subsequent piloting of the EER with fellow PSTs, I 

used video observation, where two of the PSTs who had created the EER wore head cameras. The 

purpose of this was to gain insight of the observing PSTs' focus during the piloting, and to access their 

attention and conversations while they were observing. Before the practice period, a focus group 

interview was conducted. The purpose of this interview was to collect data from PSTs' discussion about 

their experiences in the planning of the EER, and their thoughts about using the EER as a potential 

didactic tool in mathematics teaching (Brinkmann & Kvale, 2015). I moderated the interview using an 

interview guide with a semi-structured format. 

In Part 2, Implementing the EER, the PSTs brought the EER into the mathematics classroom during 

their teaching practice period. During their planning, they had decided to devote one session (Session 

1 in Figure 2) to an introduction to students about the escape room and problem-solving, and then to 

try out the EER in the subsequent mathematics session (Session 2 in Figure 2). I observed these sessions 

using video recordings. In both sessions, I used a stationary camera and two of the PSTs wore head 

cameras. By using head cameras, these PSTs were given a more active role in the collecting of data, and 

the line between participants and researcher became less visible (Blikstad-Balas & Sørvik, 2015). The use 

of video in data collection provided a detailed non-interpreted rendering of what took place. After the 

practice period, another semi-structured focus group interview was conducted. In contrast to the first 

interview, the focus here shifted to PSTs' actual experiences from implementing the EER in the 

classroom. 

Data Analysis and Trustworthiness 

To gain insight into the four PSTs' priorities when planning and implementing an EER in mathematics 

teaching, a phenomenological condensation of impressions produced by data from observation and 

focus group interviews was inspired by a grounded theory approach, more precisely narrowed down to 

a constant comparative analysis (Glaser, 1965; Strauss & Corbin, 1998). The analysis was comprised  of 

four phases; the first phase included three steps. In the first step, I wrote memos based on field notes 

and observations from Part 1 and transcribed data from the first interview (Figure 2). This provided 

impressions and incidents from the PSTs' planning and prospects for implementation. A similar process 

was then conducted in the next step with a focus on implementation of the EER (Figure 2). Finally, 

through an inductive approach, impressions and incidents from the data were compared to identify and 

interpret priorities set by the PSTs. The four PSTs were assigned alpha-numeric codes (S1–S4) to follow 

them individually within the group. In a second phase, with the condensation of the PSTs' planning and 

implementation of the EER following the timeline for the case and the subsequent interpretations, the 

data were organised according to the themes, Planning an EER and Implementing the EER.  

In constant comparative analysis, there is a continuous flow from one phase to the next, and my 

experiences from the first two phases were important for the third phase. In this phase, I developed 

grounds for discussing the priorities made by the PSTs when planning and implementing an EER by 

relating my interpretations to a theoretical background consisting of teacher content knowledge, 

problem-solving in mathematics, and EER in the mathematics classroom. These three areas were chosen 

because of the study's focus on bringing an EER into the mathematics classroom. From the aim of the 

study and the presented research question the teacher's role emerges as pivotal. As a consequence, 

theory on teacher content knowledge was emphasised. Furthermore, with the definition of EER in mind 
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(Nicholson, 2015), problem-solving was recognised as a necessary element in use of an EER. This aligns 

with previous research on use of EER in mathematics (e.g., Andrews & Bagdasar, 2023). The discussion 

is in relation to Smith and Stein's (2018) framework, because it emphasises what the teacher may 

prioritise in various phases when working on problem-solving in mathematics. This aligns with the 

various phases recognised in a typically EER structure consisting of an introduction phase, an escape 

phase and a debriefing phase (Sanchez & Plumettaz-Sieber, 2019; Wiemker et al., 2015). In the final 

phase, conclusions and implications were generated on the key research question to be addressed. 

 Theoretical sensibility is a core concept within constant comparative analysis and reflects the 

researcher’s personal qualities (Glaser & Strauss, 1967). From my knowledge and experience related to 

EERs, I was aware of such potential impact. Therefore, I strived to connect my theoretical sensibility to 

the data analysis without diminishing the transparency of the data. I needed to understand the PSTs' 

priorities before it would be possible to explain them and allow my subjective experiences and 

theoretical development of sensibility to capture an holistic understanding of such priorities when 

planning and implementing an EER in mathematics teaching. 

Planning and Implementing an EER: Escape the Prison Cell 

Planning an EER 

At the planning stage, the PSTs were challenged to organise their own group processes, to decide what 

theme to apply, what puzzles and equipment to put into the EER, and what learning objectives to 

emphasise for the students participating in the EER experience (Clarke et al., 2017). Work Session 1 was 

initiated by the four PSTs with a discussion about how they should collaborate on the mandatory 

learning activity in an appropriate manner. The activity required them to work as a group in all three 

parts (Figure 1), and the PSTs assured each other that they were aware of this. They made deliberate 

choices about distributing work to be done in the group, which alternated between individual work, pair 

work, and joint cooperation in Work Sessions 1–4. During these sessions, the four PSTs had unique 

personal experiences that were then shared verbally with the other three, receiving responses and 

generating discussion. PSTs' knowledge did not remain tacit but was shared and negotiated until 

consensus was reached. I observed that the PSTs took on different roles in the group. S1 showed 

leadership already in Work Session 1, putting forward questions such as “What theme can we use?” and 

“What should be the centre of attention in the EER?” He showed initiative and expressed a desire for 

progress. Later in the planning part, this role was strengthened by his urge to connect the various 

selected elements in the EER to sustain control of both content and progress in the planning. S1 was 

the PST who monitored most conversations in the four work sessions and collected everything the group 

discussed and agreed on, through writing and editing a text file on his computer. 

Designing an EER is a complex process (Botturi & Babazadeh, 2020), with decisions to make on both 

content and form. In Work Session 1, the group primarily focused on the EER form. I observed that the 

PSTs spent time discussing the theme of the room. There were some disagreements within the group, 

for instance, when S2 pointed out that the narrative had to be as realistic as possible for the students 

to find it exciting. This comment was met with hesitation from S3 and S4 because they did not think 

that the introductory narrative of the escape room would make much difference; rather, they found it 

imperative to focus on the puzzles to be solved. Various theme suggestions were discussed, and towards 

the end of Work Session 1, the group decided the theme would be a prison cell, and that the narrative 

should be about a mathematical genius who previously had been behind bars in the cell. He had been 

wrongfully convicted, and rumour had it that he was about to escape just before being transferred to 

another prison. In the first interview, I asked the group about this choice, and they said that they were 

satisfied with the theme because it added realism to the narrative. Moreover, it would be feasible to 

carry out this EER activity in the mathematics classroom with 16 students (i.e., with four equal prison 

cells). After Work Session 1, the PSTs were in contact with their teaching practice mentor, who suggested 
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that they should relate the mathematical content to fractions. The PSTs agreed and said they would 

each come up with some puzzle suggestions for their next work session. 

Work Session 2 appeared somewhat chaotic from an observer’s perspective. All four PSTs had 

individually followed their own line of thought about the puzzles in the EER, and they were keen to show 

the others their suggestions. The conversation jumped from one suggestion to the next, but “all the 

pieces in this puzzle” did not seem to fit. Eventually, S1 suggested that it might be a good solution to 

collect all their thoughts and potential puzzles in a shared document. Accordingly, the group discussion 

moved towards agreement about five puzzles in which individually hatched puzzle inputs were selected 

and adapted to fit the overall objectives of the EER. In the first interview, the PSTs were challenged to 

describe their selection of content, and possible learning outcomes for the students. The PSTs explained 

that the mathematical objective for the EER was to have students recall their knowledge about fractions, 

while at the same time wanting them to improve their collaboration. They elaborated on the five puzzles 

and argued for some of their choices. An example of one of the puzzles is presented in Figure 3. 

 

Figure 3. Fractions and percentages: the blue diagram is placed on top of a table and the yellow 

diagram is attached to the underside of the table. 

In the interview, S2 explained the intention behind the puzzle in Figure 3, where students must 

convert the fractions inside the blue ellipse attached to a tabletop with adhesive tape into percentages, 

and then collaborate with a fellow student who is looking at the yellow ellipse (attached to the underside 

of the tabletop) to decide which values matched. In this puzzle, the only correct answer is 28 (
14

50
=

0.28 = 28%) as it is the only quantity found in both ellipses. The PSTs argued that this puzzle facilitates 

both repetition of fractions and collaboration through encouraging students to work together by 

communicating with each other positioned above and below the table. It would be difficult for one 

person to remember all the quantities while shifting from above to below the table to check. S3 pointed 

out that this was not a puzzle they invented themselves: “I feel that many of the puzzles are rip-offs 

because we have tried out similar puzzles ourselves, but changed the numbers … so we used our 

experience from the introduction to create our own EER.” The conversation in the first interview then 

moved from talking about the puzzles to expressing agreement that the PSTs wanted the students to 

experience the value of creativity in the EER, and recognition of the need for creativity when making an 

EER (Bertoni & Maffia, 2022). 

In Work Sessions 3 and 4, the five puzzles were planned in detail, and preparations for the pilot 

were made. The PSTs discussed what physical objects to use to create a prison cell atmosphere that 

would influence the narrative framing of the EER as well as the unique content of each of the five puzzles. 

In these two sessions, the PSTs appeared to prioritise both EER content and form to ensure that the 

students would have a holistic EER experience. 

After Work Sessions 1–4, a pilot of the EER was conducted with fellow PSTs from the same teacher 

education course as contestants. In the first interview with the four PSTs, conducting this pilot was 
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considered important and necessary in their planning of the EER because there were aspects of the 

game that they had not foreseen. This was related both to the EER developed and to the behaviour of 

participants in the EER. An example of the former was the deliberate use of physical objects that did not 

have any connection to the puzzles and were only included to create visual noise or disturbance, such 

as a newspaper on the floor in the room. An example relating to participants’ behaviour was that the 

group's fellow PSTs did not collaborate as much as they had anticipated. Although the pilot was highly 

appreciated by the four PSTs, major adjustments to the EER were not made, and only the newspaper 

and a couple of other physical objects were removed. Towards the end of the first interview, the PSTs 

broached the topic of their expectations regarding the implementation of the EER with students in the 

upcoming teaching practice period. They commented that they were looking forward to trying out the 

game with students as they believed it would be something the students would enjoy; at the same time, 

they were somewhat anxious about how the game would go. Based on my observations and the first 

interview, it appeared that in the planning of the EER the PSTs prioritised the introduction and escape 

phases; planning how to facilitate the debriefing phase was not given explicit priority. 

Implementing the EER 

Although being well prepared is a prerequisite in teaching (e.g., Smith & Stein, 2018), even if the teacher 

presents a careful and thorough teaching plan, it is impossible to predict entirely what will capture the 

students' interest and attention during a session. As noted, (Figure 2) the PSTs decided to devote one 

session to introduce the escape room and problem-solving to students before the EER was 

implemented. In Session 1, they first described the EER concept and then facilitated students' individual 

work with some selected mathematical problem-solving tasks. In the second interview, when asked 

about Session 1, the four PSTs described the progress in this plenary session and their choice of 

problem-solving tasks to present for the students. S2 said that the purpose of the selected tasks was to 

make students aware of the need to have several strategies available: “If you do not understand a 

problem-solving task, you have to try another approach to solve it.” For example, S4 advised the 

students to sketch the task if it was difficult to understand how to approach it. Another issue raised in 

the interview was the challenge for a teacher to balance the progress of students by providing 

supervision and guidance that paved the way for progress, but without reducing the problem to a well-

known algorithm. The attention to this issue revealed that the four PSTs experienced the potential 

difficulty of finding this balance. Observations from Session 1 provided several instances of supervision 

where the task to solve ended up as a familiar algorithm, as well as several instances where only minor 

hints from the teacher kept students keen to follow an analytic or experimental self-made strategy. In 

relation to this case, it is important to stress that the four PSTs did not know the students and their 

strengths and challenges very well, and that they are still mathematics teachers in training. 

Session 2 contained the main event of the mandatory learning activity with the implementation of 

the planned EER. I observed that S1 held the introduction phase in the hall outside the classroom, where 

he told the story about the mathematical genius who was ready to escape his prison cell to the 16 

students present. He also pointed out some rules before randomly dividing the students into groups of 

four and leading them into their "prison cells" in the classroom. Figure 4 shows two groups of students 

working in their prison cells.  
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Figure 4. Photograph of two groups of students trying to escape their prison cells. 

During the escape phase, the PSTs kept a low profile and hardly communicated with the students. 

This experience was raised in the second interview; PSTs shared the frustration they felt observing the 

students becoming confused and frustrated yet retained ownership of the puzzles provided by the EER. 

S3 noted, “You feel like stepping into the prison cell to help or give them the solution, because it is right 

in front of them, and they do not see it … in a way it’s frustrating.” Figure 4 illustrates this apparent 

dilemma, with one of the PSTs visible on the far left standing outside the delimited area of the prison 

cell and resembling more a paralysed witness than a supervisor. S2 added to this experience of 

bewilderment and frustration: “I thought that the students were going to use hints we offered them 

more actively, but several students ignored them and continued to fiddle with other things … I found 

that very strange.” The students were in the escape phase for 45 minutes and none of the four groups 

managed to escape the room. In the second interview, when looking back at the outcome, S1 said, “It 

looked like they were a bit disappointed. Nobody got out of the room." 

When the 45 minutes were up, the debriefing phase began. At first, the students were urged to use 

their cell phones to anonymously share their immediate experiences and opinions by logging into an 

app that instantly showed the feedback on a smartboard when written and posted by a student. 

Utterances such as “enjoyable in the beginning”, “exciting with something new”, “fun to collaborate with 

others” and “frustrating” came as immediate responses from the students. In the debriefing phase, S2 

lingered a little about the feedback, before getting the students to identify the five puzzles they 

encountered in the escape room. S2 orchestrated the students' verbal input about the puzzles, while S1 

wrote the solution of each puzzle on the whiteboard. S2 asked students directly, rather than asking them 

to raise their hands. She made sure that each group had the opportunity to contribute to the debriefing. 

For instance, regarding the Figure 3 puzzle, the students said that the purpose of the puzzle was to find 

out which quantities were equal. S2 then asked them how they had approached solving the puzzle, and 

it emerged that there were different ways to solve it. In the second interview, S2 stated that although 

the students found the correct quantity, they did not understand what to do next with it. All five puzzles 

became part of the debriefing phase, as well as the necessary connections between the answers to the 

puzzles that were needed to escape the room. 

Towards the end of the second interview, the PSTs discussed their impressions of the two 

implementation sessions, and what they thought the students had gained from those sessions. S3 

stated, “I think they [the students] learned more mathematics in the first session than in the second 

session” and S4 nodded in agreement. S1 and S2 pointed out that Session 2 was also about other 

matters. S2 noted, “Problem-solving is really about opening your mind to more possibilities … having 

patience and respect for others’ opinions, and ideas about how a puzzle can be solved.” In relation to 

the puzzle in Figure 3, she said, “I think they got a new impression of fractions, percentages and decimal 

numbers, and how important the relationship between the three is.” The discussion of impressions about 

the two implementation sessions revealed that the four PSTs differed in their opinions about what to 
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prioritise when working with problem-solving in school mathematics. However, they unanimously 

agreed that they had experienced how an EER might offer variety in the mathematics lesson and increase 

students' motivation to concentrate during problem-solving processes; importantly, this is something 

that may lead to positive ripple effects in mathematics.  

Discussion 

As with all attempts to facilitate learning, planning and implementing an EER in mathematics are 

complex and challenging matters. In this study, four PSTs were tasked with such an assignment as part 

of a teacher education course. They came to the assignment with their own personal beliefs about what 

and how to learn in mathematics, as well as their personal knowledge related to mathematics and 

mathematics teaching (Ball et al., 2008; Shulman, 1986). 

In the initial part of the planning of the EER, Escape the prison cell, the PSTs focused on the choice 

of theme, and then on the selection of objectives, puzzles and equipment (Clarke et al., 2017). They 

prioritised a theme that could feasibly bring a quasi-realistic context into the classroom. This choice is 

supported by previous research on the use of escape room in education and shows that the realism of 

the scenario does not seem to limit students' motivation for participation (Taraldsen et al., 2020). The 

objectives chosen by the PSTs were that they wanted the students' to repeat work with fractions and 

collaborate through a problem-solving approach. More generally, the PSTs also wanted the students to 

experience enthusiasm in learning mathematics and the value of being creative. They used the puzzles 

to emphasise both mathematical relations and collaboration, through joint emphasis on content and 

form: for instance, in solving the Figure 3 puzzle. In the planning, the PSTs were also concerned with the 

students' ability to approach a problem from various angles. This approach is recognised as one of the 

characteristics of the high-quality problem-solver identified by Liljedahl et al. (2016). However, several 

puzzles turned out to be inspired by puzzles the PSTs had experienced themselves. The reasons for this 

are manifold, but one obvious reason might be personal experience of a puzzle’s elegance and 

operationalisation of the desired learning objective. The endeavour of both planning and implementing 

the use of a didactic tool that was new to them, may explain why the PSTs ended up using a variety of 

content they encountered during their own active and passive experiences (Dewey, 1916, 1938) with 

EERs in mathematics. Another reason could be the need for mathematical knowledge for teaching (Ball 

et al., 2008). No matter how eager and persistent the four PSTs were, their limited level of knowledge 

of mathematics teaching—which on this occasion was manifested through a lack of initiative and ability 

to revise or replace puzzles based on the pilot—confirms the mathematics teacher’s need for content 

knowledge. The four PSTs may also have been affected by their motivation towards the mandatory 

learning activity. However, observation of the priorities set regarding initiative, cooperation, and 

delegation in the group planning sessions, and the reflections made on the planning in the first 

interview, support the impression of highly motivated PSTs. Collectively, this shows that planning an 

EER for use in mathematics teaching is a complex process (Botturi & Babazadeh, 2020), and demands 

knowledge-based attention to both content and form of the EER, and motivation for its use. The latter 

is important, but the former is crucial. The quality of the EER and the students' learning experience are 

affected by the teacher’s knowledge-based planning, which includes the initiative and ability to make 

adjustments so that students may achieve the desired learning objectives. This aligns with the 

importance of planning and anticipating as emphasised by Smith and Stein (2018). 

During Session 1 of the implementation of the game, the PSTs prioritised introducing the concept 

of the EER, where the main ingredient was the students' individual work with mathematical problem-

solving tasks. The aim was to familiarise students with the EER experience in the upcoming session. In 

Session 2, the PSTs followed the guidelines for the mandatory learning activity, which included a three-

part structure comprising an introductory phase, an escape phase and a debriefing phase related to the 

EER. Following Smith and Stein (2018), the monitoring practice was the dominant priority for the PSTs 

in the escape phase. In this case, and in accordance with their own experiences with EERs, the PSTs 

decided to monitor the game from outside the prison cell and only provide students with some carefully 
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selected hints given to all four prison cells in the classroom at the same time. Two consequences of this 

choice were first, that the PSTs felt frustration based on the lack of opportunity to be involved in the 

students' struggles with the puzzles, and second, that there was little opportunity to observe the 

students' processes closely. In the debriefing phase, in accordance with the five practices of Smith and 

Stein (2018), the PSTs maintained their planned priority of participation of all students in the plenary 

sharing of the various problem-solving strategies applied in the EER. This was achieved by focusing on 

the strategies used and solutions reached for each of the five puzzles, and then on how the solutions 

had to be combined to crack the code and escape the room. However, this was only moderately 

successful because of the lack of monitoring opportunities of students during the escape phase. When 

the teacher does not register and reflect on observations during the monitoring phase, the orchestration 

of the plenary mathematical discussion becomes more difficult (Smith & Stein, 2018). The reason for 

this is the lack of rationale for selecting and sequencing observations according to the objectives of the 

EER. In turn, this affects the summarising connection of experiences, strategies and solutions because 

the teacher will have to attend to arbitrary inputs from the students rather than to selected and 

sequenced observations modified by the teacher. Such conditions require the teacher to rely on content 

knowledge in a more improvisation-based summary of connections. In this case, the connection practice 

(Smith & Stein, 2018) was difficult to initiate, and made the foundation for establishing coherence 

between the use of the EER and the students' active and passive experiences unclear for the students 

and a bit uneasy for the PSTs in the debriefing phase. However, the influence of knowledge-based 

initiative and the PSTs' organisation ability in the mathematics classroom (Smith & Stein, 2018) were, as 

in the planning phase, clearly displayed by their sacrificial and well-intentioned implementation of their 

planned priority of basing the connection of objectives related to the EER on the students' recent escape 

room experiences. 

Conclusions and Implications 

The discussion shows how the teacher’s priorities may influence the operationalisation of an EER in the 

mathematics classroom and underpins the complexity of priorities when planning and implementing an 

EER. Three reasons for this can be highlighted. First, although teachers may find it useful to bring an 

EER into mathematics teaching, it is necessary to consider parameters such as the number of students; 

access to equipment and location; and students' individual needs, characteristics and competence. In 

the present case, these were not matters for the PSTs to decide. They had to manage the context 

provided by the mandatory learning activity, and within these specifications, garner motivation to deal 

with the learning activity in an appropriate manner. Second, the definition of an escape room by 

Nicholson (2015) and the theoretical framework for creating EERs suggested by Clarke et al. (2017), 

establish expectations about what an EER ought to comprise regarding both content and form when 

applying such a didactic tool. In adding emphasis on mathematical content through problem-solving, 

the game-based perspective must be connected to the development of problem-solving competence. 

It is conceivable that the four PSTs experienced the activity as a considerable challenge because of the 

strict expectations of what comprises a mathematics-based EER, and the need for joint motivation for 

planning and implementing the EER. Third, when planning and implementing a mathematics-based EER, 

the influence of the teacher’s content knowledge is crucial, as emphasised by Ball et al. (2008). In 

retrospect, based on such expectations, and combined with being learners themselves, it is 

understandable that the four PSTs experienced the planning and implementation of the EER as 

something of an ordeal. Nevertheless, the justified priorities of the PSTs regarding both planning and 

implementation were visible and provided valuable insight into the process of setting such priorities 

and putting them into action. Therefore, the results from this study both add empirically based 

knowledge to theoretical frameworks that assist in the investigation of what constitutes productive use 

of EER in teaching and contribute to the growing body of knowledge regarding use of EERs in the 

mathematics classroom. From a teacher education point of view, it is not always manageable to address 

all new didactic tools that become available for mathematics teaching. This challenges mathematics 
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teacher educators on what to give critical and thorough attention in mathematics courses. This study of 

EER provides an exemplar of integrating mathematics education with practical teaching in a way that 

offers a relevant teacher experience regarding attention to a new didactic tool. 

This study is based on qualitative data from one PST group’s experiences with planning and 

implementing an EER in mathematics as part of their teacher education course on problem-solving. 

However, irrespective of how an EER is planned and implemented, the underlying rationale of the 

teacher’s priorities for the students' learning outcomes must be evident. Furthermore, such priorities 

must match the expected features of an EER, such as team-based problem-solving with the aim of 

completing a mission. This argues for an analytic generalisation value from the four PSTs' commendable 

effort in the case reported, that ought to be confronted or confirmed through more case studies of 

similar kind. Further research on the use of EERs in mathematics is required before confirming that their 

use may be a valuable component in cracking the code to students' motivated application of 

mathematics in problem-solving situations. 
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