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ABSTRACT 

Traditional mathematics instruction serves many purposes in today’s education systems. Providing step-by-step 
guidance and lecture-style tuition in mathematics is often the norm. However, emerging insights into challenge, 
grit, and optimal teaching and learning strategies suggest that there may be benefit from increasing the mental 
burden on students. A short-term investigation was conducted into the use of choice, unstructured assessment and 
a “locked box” style of student-directed task for a high school calculus class of ESL students in China. Results were 
encouraging and suggested the emergence of a complex learning system composed of individual students that 
transcended the typical classroom experience. 
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INTRODUCTION 

There is copious literature about the benefits of play puzzles, and 

games in mathematics instruction and practice (Palm, 2009; Palm & 

Burman, 2004; De Lange, 1996; Ernest, 2002). Much of this research 

focuses on the areas of engagement and uses university undergraduate 

students as the primary subjects of inquiry. At the high school level, 

however, there appears to be little done with regards to play, puzzle and 

games-based assessment, evaluation, and research comparatively. 

However, it has been acknowledged by Thomas et al. (2013) that a good 

characteristic of puzzles is that they cannot be solved by rote, rather 

they are invaluable at making students think. Similarly, Klymchuk 

(2017) states that “[s]olving puzzles can be linked to the development 

of professional skills.” (p. 2). The combination of these two factors, not 

by rote and as preparation, were a motivating factor for this study. 

Building on Schoenfeld’s (1985) work where he found that university 

students tend to spend a small amount of time on planning solutions 

but rather quickly jump into ‘doing mathematics’ and writing it down. 

Selden et al. (2000) when investigating university calculus students’ 

non-routine problem-solving methods, found that above-average 

students often used sophisticated methods that led them nowhere 

instead of accessing known calculus methods and knowledge. Even 

worse, perhaps, was that the failure rate of students increased when 

students in another study were asked to solve calculus problems that 

had a non-routine wording (Klymchuk, 2017). These factors combined 

to create the concept of using a student-created and solved escape room 

model for review of a high school calculus course. The primary question 

was: What observable impacts could be noted when students are 

provided with the opportunity to engage in an open-ended play-based 

opportunity in a high school calculus class? 

THEORETICAL CONSIDERATIONS AND 
METHODOLOGY 

In this study, an open concept model for the project was used. 

Building on the concept of “enabling constraints” championed by Davis 

et al. (2015), enough information was provided to students to fuel their 

desire and energize them for the opportunity to attempt to stump each 

other. Rather than a purely competitive environment, as recommended 

by Plass et al. (2013), a combination of collaboration and competition 

was considered to be optimal for student engagement and learning. 

Collaboration, as reported by Slavin (1988), is the most effective when 

group members have a shared group goal that is important, and the 

success of the activity is dependent on all members of the group – each 

member must be accountable. Further, Mullins et al. (2011) found that 

collaboration improved performance on both conceptual and 

procedural tasks but only when students still tended to perform the 

procedural tasks with inefficiency and inaccuracies. However, Fu et al. 

(2009) found that both collaborative and competitive features increased 

enjoyment in learning. In addition, when competitive features were 

present and stressed, students demonstrated an improvement in 

analytical skills and separated concepts into parts as a means to better 

comprehend the organizational structure. As reported in Klymchuk 

(2017), the collaborative features encouraged higher level synthesis 

learning from information and, therefore, higher level learning. 
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The environment for this exploration involved several coinciding 

factors that made it particularly pertinent. One of these was that the 

school in China was an offshore school with a North American 

curriculum. This is relevant for a few reasons; it makes the findings 

more potentially applicable to a North American audience as the 

curriculum material is comparable; the school regularly undergoes 

inspections, and in this particular year was applying a Cognia (an 

international educational-practice certifying body) process of 

observation and evaluation as the external criteria for certification 

meaning there were trained “observers” in the school; and finally, the 

end of the COVID-19 isolation procedures in China meant that these 

particular students were returning to regular classes, in which their 

predominant expectation is to be provided with lectures and highly 

structured lessons. The methodology was largely motivated by the 

presence of trained Cognia observers who were present solely to collect 

information on classroom and student activities during a variety of 

lessons. As such, an independent observer was present in the classroom 

to collect data without prior awareness of, or involvement in, the class 

or the project. 

It is important to note that this study was not conducted as an action 

research project, nor with the intent of being scientific. Rather, 

following an Educational Design Research (EDR) methodology, 

including the opportunity for iterative improvements to be made, for 

emergent phenomena to occur, for feedback through the system and 

indeterminate conclusions to occur, there was a notably different 

intent. Science, traditionally, seeks truth. EDR, as a complexivist 

methodology, seeks meaning in context and allows for diverse 

interpretations to emerge. 

Key Questions 

If a group of students who expect lecture presentation are provided 

with a “locked box” independent learning opportunity, how will they 

respond to it? What will change in the classroom environment? What 

will an independent evaluator note about the interactions among and 

between students, about the learning environment and the depth of 

learning opportunities? All of these questions were formed prior to the 

action taken in the class. 

The Project 

Students were provided with the opportunity to engage in a playful 

act of creating and sharing an escape room (locked box) style activity. 

Working in groups of varying numbers, they were to design a set of 

tasks that would eventually lead to a solution that would reveal a “way 

out.” The rest of the project was intentionally left open for student 

experimentation and interpretation. Assessment and evaluation of the 

project was also left up to the groups to determine for themselves and 

sets of criteria were suggested but not required (for example, peer 

evaluation, teacher rubric assessment, survey, student completion rate, 

submission of sample problems, etc.). The project was introduced prior 

to the end of the course and was intended as a review of course material. 

Three groups were formed varying in number from 3 students to 14 

students. All students were required to submit a form that outlined their 

specific roles within the group prior to the creation of any problems. 

They were all then asked to determine how much time would be 

required for completion of the project and to “play” the game. This time 

was allocated during traditional review time in the final week of the 

course. 

The Observer 

To authenticate an observer, there is a protocol involving training 

and calibration that is followed. The training, because of the pandemic, 

took place in an online course comprised of modules that focused on 

each of the areas of observation and inquiry. Once the modules were 

completed, a mock observation was conducted involving a video of a 

classroom experience. The calibration and authentication component 

was completed by having the observer rate the video lesson accurately 

compared to the standard set forth by Cognia. This method, while 

perhaps not ideal, lends a level of validity to the use of the tool and to 

the observer in this instance. Additionally, the observer has had 

experience with more than 20 individual and independent 

observations, many of which have been further calibrated with other 

observers also present in the same classroom and have all been reliably 

at the expected level. 

The ELEOT tool is part of AdvancEd, an organization built on their 

psychometric analyses. As reported on the ELEOT website (AdvancEd, 

2021) regarding validity and reliability, “to date, data collected from 

over 45,000 classroom observations has established the overall 

reliability and validity of ELEOT related to test content, response 

processing and construct validity” (p. 6). Additionally, “The overall 

reliability of the measure is .94 using a Cronbach’s alpha, which is 

considered a very strong level of reliability. To assess construct validity, 

a confirmatory factor analysis of the measure revealed the root mean 

square error of approximation (RMSEA) as .068 indicating an adequate 

fit of the model to the data” (AdvancEd, p. 6). 

The independent observer has written the following about his 

classroom observations, role, and training to provide further context: 

“As a certified Cognia ELEOT 2.0 observer, I have been trained 

to observe classroom environments. The training I have 

received observes and investigates the learning environment 

that students are immersed in classrooms. It is specific to the 

environment, and while it is certainly true that the teacher is part 

of and affects that environment, the ELEOT 2.0 is not a teacher 

observation tool. It is not a tool used to evaluate teachers or 

their practices, but rather it is a tool used to document various 

aspects of the learning environment. More specifically, the 

ELEOT tool evaluates how student-centered and conducive to 

learning an environment is. Of course, this encompasses what 

many would readily think regarding the learning aspects of a 

classroom including coursework, activities, discussions, 

technology, and feedback, but also it evaluates other aspects of 

the environment as well such as equitability, expectations, 

support, community, and respect. And certainly, these 

observations are not restricted to be between teachers and 

students, but also include collaborations amongst students, and 

everyone’s interactions with the physical environment around 

them as well. Additionally, the observations are made not solely 

by observing, but also through conversations with students. 

Observations are recorded on a rubric that is divided into seven 

categories including Equitable Learning Environment, High 

Expectations Environment, Supportive Learning 

Environment, Active Learning Environment, Progress 

Monitoring and Feedback Environment, Well-Managed 

Learning Environment, and Digital Learning Environment. 

Each of these categories are further divided into 3 or 4 detailed 
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aspects of each category. It is each of these aspects that are then 

scored on a scale of 1 – 4. 4 is rated Very Evident, 3 is Evident, 

2 is somewhat Evident, and 1 is Not Observed. In the process 

of Cognia Accreditation, dozens to possibly hundreds, 

depending on school-size, of observations are made and 

documented of all classes offered by the school to get a picture 

of the typical classroom environment throughout the entire 

school. They are just one piece of the evidence used to conclude 

the overall school environment. So, in short, the ELEOT 2.0 

tool is used to help identify and document observable evidence 

of classroom environments that are conducive to student 

learning. 

Recently, I made three separate observations of same Calculus 

class. They happened on three consecutive school days. The 

classes I observed were focused on review for their upcoming 

semester final exam. During these classes different groups of 

students were leading the class in games that they had created 

for review for their exam. Prior to the observations, I was not 

detailed on what specifically would be happening in the class, 

the requirements of the assignment, nor how it would be 

marked (if at all), but merely was informed that students would 

be leading games for review.  

After observing the class for three days and watching 3 different 

groups present their games and conversing with several 

members of each group, I had one unanswered question that I 

never found a satisfactory answer to. Why did students choose 

to create games that were so ambitious?  

Part of the ELEOT observations require observers to converse 

with students about expectations and feedback – could students 

explain how their work would be assessed. In my conversations 

with students, all of them said that their work would be assessed 

on rubrics that they created for their own games. The teacher 

would use the rubric and give them a mark and their peers 

would also use the rubric and give them a mark as well. So, if 

students are creating their own rubrics for their games, then it 

couldn’t be that their teacher is forcing them to tackle such 

ambitious games in pursuit of high marks.  

Another part of the ELEOT observations investigates how 

learners take responsibility for and are self-directed in their 

learning. Well, maybe it was the requirements of the 

assignment caused students to create such complicated and 

elaborate games for review. Yet in my observations, students 

told me that the only requirements they were given for the 

assignment was to make a game and make it interesting. One 

group even went so far as to say that they worked every day 

after school for a month to prepare and create their game. From 

student conversations and class observations, it certainly wasn’t 

the requirements of the assignment itself that caused students 

to make such extravagant games. Although one student did 

offer one insightful comment regarding working on the game. 

He said that “more people led to more power” explaining that 

they held each other accountable in their group for 

accomplishing individual parts of the game. And later, further 

explaining that when everyone had completed their individual 

tasks, together they “enjoyed the group cooperation and sense 

of accomplishment it gave them.” 

Observations made using the ELEOT 2.0 tool, didn’t offer any 

more insight into the motivations behind student productivity. 

And so, my question of the reason of such great student 

ambition won’t be answered by ELEOT. However, because it 

was clear that students were motivated, other aspects from the 

ELEOT tool certainly were highlighted. One of the categories 

of ELEOT is high expectations environment. Although 

students weren’t able to explain to me why they had such high 

expectations, it was clear that students had high expectations 

for themselves. The games they created certainly were intricate 

and involved. The products they presented demonstrated 

higher order thinking skills to create them, and even required 

them of those playing the games. One game even required 

independent research on the Internet in the search for clues. 

Certainly, students held themselves to a higher standard than a 

traditional Jeopardy-like game or a contest of who can answer 

faster. By the nature of the games that students created they also 

certainly created an environment for their peers that was 

supportive and active, two other categories included in the 

ELEOT tool. Students created games that required their peers 

to work in teams, creating a sense of community and rivalry. 

And within each team, students were clearly engaged, working 

together to accomplish tasks, and were not afraid of any 

negativity resulting from their efforts.  

Through the lens of the ELEOT tool, and as a teacher myself, I 

was also drawn to the category of Progress Monitoring and 

Feedback Environment. As a teacher, I am continually fighting 

the battle of marking student work and trying to give timely, 

useful feedback. Students through their games had created their 

own systems for this, that required no marking or feedback 

from their teacher. Through systems of getting hints, rewards 

and punishments, progression through the game, and even 

competition with other groups, each game had created their 

own unique mechanism for giving students feedback, and most 

impressively students were able to use these mechanisms on 

their own or within their team without the need for feedback 

directly from the teacher. They were monitoring their own 

learning, and able to self-correct and make adjustments as 

needed, not only to make progress in the game, but by doing so 

also further and deepen their learning of the underlying 

calculus they were reviewing.  

These review games provided an opportunity to see and 

document a classroom environment that was clearly student-

centered and conducive to student learning. Nearly all 

categories earned Very Evident ratings, but one category the 

Digital Learning Environment, received mixed results. This 

was simply because it completely depended on the 

requirements created by each game. One group had decided to 

restrict the use of technology for their game. However, another 

group clearly encouraged it by requiring independent research 

on the Internet. But regardless, overall, these classes that I 

observed scored high, “Very Evident”, on the ELEOT 

observation tool, and demonstrated a student-centered 

environment conducive to learning. Conversely, however, 
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during a debrief after each class, which was led by the classroom 

teacher, students didn’t always have a similar high opinion of 

the games they had just played. When discussing the value of 

review activities such as these, several students questioned their 

efficiency compared to a traditional review – one in which 

students simply worked through papers with question after 

question on them. In fact, some students said they would even 

prefer this traditional method, despite readily agreeing that 

these games were more fun, engaging, and active than a 

traditional review. It’s an intriguing mindset of these students 

that is worthy of further investigation, but despite this differing 

opinion it cannot be denied that in this classroom, during my 

observations, students were provided an environment that was 

equitable, supportive, active, engaged, well-managed, and had 

high expectations with mechanisms for progress monitoring 

and feedback.” 

RESULTS 

It is clear from the Observers’ observations that students were the 

primary focus of the classroom dynamic through these activities. In 

addition, the aspect of student engagement and feedback were 

enhanced, much to The Observer’s surprise and expressed awe. His 

notes and comments along with the original ELEOT tool are provided 

as Appendix A-D, respectively. 

A summary of the scores, average scores and percentages is 

provided in Table 1. In parentheses are the total available scores for 

each learning environment descriptor. While the averages and 

percentages may seem to be trivial statistics, they demonstrate that 

many of the environmental factors being observed and related to the 

research questions. Students consistently created and interacted within 

an environment that was equitable, had high expectations, in this case 

self-imposed, was active, rich with feedback, and was well-managed. It 

can also be noted that the digital learning was differentiated by groups, 

as not all groups took advantage of digital media to present and engage 

the class with their tasks. 

Returning to the initial questions: 

If a group of students who expect lecture presentation are 

provided with a “locked box” independent learning 

opportunity, how will they respond to it? 

According to the notes that the Observer made, students in this 

class appeared to embrace the challenge, competition, and cooperative 

aspects of the project. It enabled them to interact with each other and 

with the course material in new ways than the “typical” class review. As 

the Observer wrote, “students held themselves to a higher standard than 

a traditional Jeopardy-like game or a contest of who can answer faster. 

By the nature of the games that students created they also certainly 

created an environment for their peers that was supportive and active.” 

Additionally, the data also points to this finding as scores for active and 

supportive are amongst the highest. This finding is also consistent with 

those described in Klymchuk (2017) and Plass et al. (2013). The authors 

attribute this primarily to the complex interplay of collaborative 

environment, inherent competition and a level of challenge that was 

determined by the students themselves, though no empirical evidence 

is provided in this study to support this conjecture. 

What will change in the classroom environment? 

The classroom environment appeared to exhibit two emergent 

characteristics in this complex learning environment. As documented 

by the Observer, one was the high level of expectations, as mentioned 

earlier, while a second may be related to feedback. As the Observer 

writes,  

“Through systems of getting hints, rewards and punishments, 

progression through the game, and even competition with 

other groups, each game had created their own unique 

mechanism for giving students feedback, and most impressively 

students were able to use these mechanisms on their own or 

within their team without the need for feedback directly from 

the teacher. They were monitoring their own learning, and able 

to self-correct and make adjustments as needed, not only to 

make progress in the game, but by doing so also further and 

deepen their learning of the underlying calculus they were 

reviewing.”  

In short, students in this class and with this project demonstrated 

the abilities to create a level of expectation that demanded rigour while 

also self-regulating and self-correcting that level of expectation through 

feedback loops. These are also prescriptive elements of complex 

learning environments, also known as learning systems. 

One caveat at this point is germane. Because the Observer was 

present for only these limited interactions, he was not privy to much of 

the work of establishing class routines, building individual self-esteem 

and expectations, and developing feedback cycles within the regular 

class practices. As the classroom teacher for this group, I can attest to 

the fact that I contributed to each of these but was also pleasantly 

surprised by the high level of emergent behavior during the escape 

room project. 

What will an independent evaluator note about the 

interactions among and between students, about the learning 

environment and the depth of learning opportunities? 

Based on his noted and written reflections, this independent 

observer was intrigued, positively surprised, and impressed by the level 

Table 1. Accumulated data scores 
 Day 1 Day 2 Day 3 Averages Percentage 

Equitable learning environment (16) 14 14.5 14.5 14.3 90 

High expectations environment (20) 20 13.5 19.5 17.7 88 

Supportive learning environment (16) 13.5 16 16 15.2 95 

Active learning environment (16) 13.5 16 15 14.8 93 

Progress monitoring and feedback environment (16) 14 15 15.5 14.8 93 

Well-managed learning environment (16) 13 15.5 15 14.5 91 

Digital learning environment (12) 8 3 10 7.0 58 
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of difficulty of the problems, by the support structures that students 

self-generated, and by the interactions between students. It is also 

worthy of note that students did not share the same thoughts about the 

project as they were not sure that it provided the same level or depth of 

experience that they anticipated, or thought was required. As the 

Observer has written, the concept of student self-perception of an 

activity and its benefits may be beyond their capacity to comprehend as 

they are inherently embedded within the topic itself (it is their subject 

of interest, not yet objectified) and is an area for potential future 

examination. 

What observable impacts could be noted when students are 

provided with the opportunity to engage in an open-ended 

play-based opportunity in a high school calculus class? 

In short, students in this school, and environmental situation, 

created a complex learning environment that exhibited many aspects of 

self-regulation, continuous change, feedback cycles to control and 

monitor growth and change, challenge, equity, engagement, and 

support. 

DISCUSSION 

Complex systems are difficult to define empirically but tend to 

exhibit sets of characteristic behaviors regardless of the type or scale. 

According to Cilliers (1998) these include: 

• Many elements, 

• Interactions that involve information, 

• Rich interactions, 

• Non-linearity, 

• Short-range interactions (moderated influence), 

• Loops of interaction (feedback), 

• Openness to environmental conditions and feedback, 

• Lack of equilibrium (constant change), 

• History, and 

• Elements each have an embedded view of their role without 

vision of the whole. 

While this is not an exhaustive list, these elements are clearly 

represented in The Observer’s evaluation and the answers to the initial 

research questions. Further to Cilliers (1998) components is the 

assertion that developments of these structures “can also be called 

learning” (p. 17). Fundamentally this was the purpose of the project – 

student learning. It appears that what has been cocreated by the teacher 

and the students through engagement in this escape room project is a 

complex learning environment – a group organization without central 

control that learns and adapts. The implication of this is that the class 

itself is acting as a learning organism, not just the individual students. 

This speaks directly to the final characteristic of Cilliers’ (1998) list as 

well as the observation that The Observer made about students not 

believing that their actions were as beneficial as “traditional” review 

might have been. Perhaps, as a learning system with students as 

components, they are not able to be aware of the functioning of the 

entire system because they are immersed in action at their own 

individual level. The collaborative/competitive combination may be 

partially responsible for this emergent phenomenon, which is an area 

for further investigation. Regardless, it appears clear that a complex 

learning system was created within the microcosm of this calculus 

classroom. 

In the view of the authors, one is left to ponder what implications 

this might have for future learning, group work, interactivity among 

students, testing practices, and learning theory as we move inexorably 

toward greater need for higher level actions and thinking skills in 

students at all levels. 
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