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Abstract 
Extended reality (XR) learning environments result in greater knowl-
edge gains when coupled with opportunities to reflect on one’s 
actions and learning. However, when and how one should prompt 
reflection in XR learning environments (XRLEs) to effectively en-
hance learning, without breaking immersion, remains an open 
question. In this work, we argue that we can extract insights on 
how to design effective, immersive reflection for XRLEs from the 
expertise of escape room game masters (GMs) who regularly pro-
vide reflective hints and prompts in complex, immersive problem 
solving environments. To explore what we can learn from GMs, we 
conducted exploratory semi-structured interviews with 13 escape 
room GMs and, via iterative open coding, captured their best prac-
tices in how they provide hints and give nudges to escape room 
players. From these results, we present a foundation and model 
of how GMs observe and intervene and discuss implications for 
XRLE-based reflection. 
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1 Introduction 
Extended reality (XR) is an umbrella term for virtual, mixed, or 
augmented reality, which, in turn, are all environments that either 
simulate or blend the real, physical world with a digital one to 
varying degrees using technology such as head-mounted displays, 
phones, video screens, or computers [47]. The last decade saw 
substantial interest in leveraging XR in the domains of education 
and training [17]. For example, XR technology is often used to 
provide safe, hands-on training for manufacturing tasks, where real-
world training can be both expensive and dangerous [33, 42, 91], and 
health and medicine, where real-world training could put patients at 
risk [89, 107]. In more traditional academic contexts, XR technology 
is used to take students on field trips to locations they otherwise 
would not be able to visit (e.g., the International Space Station) [66] 
and let them interact directly with lesson subject matter [43]. For the 
purposes of this paper, we refer to these environments that use XR to 
teach and train collectively as XR Learning Environments (XRLEs). 
Recent work, however, found that, while XRLEs are engaging, they 
often do not improve learning gains on their own [61]. Instead, 
learning supports must be integrated to ensure that the student’s 
interaction with the XRLE goes beyond mere enjoyment and is an 
actual educational experience [46, 76]. 

One type of learning support showing great promise, and there-
fore garnering great interest, is reflective prompts, which can im-
prove learning outcomes from XRLEs compared to lessons with-
out reflection opportunities [22, 46, 68]. Reflection is not new to 
learning technology: digital and gamified learning environments 
often leverage reflection through prompting, data sharing, or visu-
alizations [10, 96]. Open learner models (OLMs), a classic form of 
learning support technology, have also typically placed reflection 
support and reflective opportunities at the center of their design 
[14, 31, 63, 92]. Prior work demonstrated that including reflection 
in these digital learning contexts improves learning outcomes [74], 
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and many frameworks and guidelines exist for designing for such 
reflection in digital learning [48, 56, 58, 90]. Reflective prompting 
is also seeing new advancements into dynamic, automated forms, 
spurred by the recent advancements in artificial intelligence (AI) 
technology and the rise of large language models (LLMs). As a 
result, the last few years saw an increased interest in AI-powered 
reflection for learning [35, 73, 77], which already started to produce 
guidelines for design [1, 13]. 

XRLEs, however, take the immersion and interaction of digital 
learning a step further due to the way that a virtual environment 
truly surrounds the learner and, often, is not sitting stationary at a 
desk or computer but rather moving about [21, 38]. As such, exist-
ing designs for reflection may not apply to XRLEs as they do not 
account for this dynamic, immersive interaction. For example, they 
often rely on students to communicate their thoughts via written 
text [14, 74], which is difficult to replicate in XRLEs. In fact, prior 
work on reflection in XRLEs found that existing ways of prompt-
ing reflection break flow and immersion and risk interrupting the 
immersive learning process [46, 68]. Addressing these concerns, 
however, remains an open problem, as there have yet to be concrete 
and widely adopted suggestions for designing reflection for such 
immersive experiences. 

In this work, we argue that we may be able to glean insights into 
designing reflection for XRLEs from escape room game masters. 
Escape rooms are immersive puzzle games that challenge players 
to solve a series of interconnected puzzles to escape from a seem-
ingly locked, and usually themed, room [25]. They are typically 
facilitated by a game master (GM) who observes players’ progress 
and interjects with guidance or assistance as needed to help players 
succeed. While escape rooms can exist in various formats, including 
board games or two-dimensional digital games, for the purposes of 
this work, we focus on escape rooms that take place in a physical, 
three-dimensional space (i.e., an actual room). 

Given this definition, our argument that reflection insights can 
come from this environment is based on two key observations. First, 
escape rooms are essentially learning environments where play-
ers must exercise various meta-cognitive skills, including problem 
solving, communication, and critical thinking, to solve increas-
ingly complex puzzles. This connection between escape rooms and 
learning has not gone unnoticed by educators either, with many ed-
ucational escape rooms appearing in recent years [25, 95]. Second, 
the interjections that come from the GM of an escape room may 
come in the form of an explicit clue or suggestion, e.g., “check the 
drawer”, but may also come in the form of a reflective prompt, e.g., 
“Do you remember where you have and have not searched yet?” In 
other words, these exchanges are moments in which players are 
prompted to reflect in an immersive learning environment. As such, 
game masters likely possess valuable knowledge on how to judge 
when learners in an immersive environment would benefit from 
reflection, how to prompt them without breaking their immersion 
or engagement, and how to determine if it worked or if more aid is 
needed—all information that would be needed to design effective 
reflection for XRLEs. 

Based on these observations, we explore what insights for prompt-
ing reflection in XRLEs can be extracted from interviews with es-
cape room game masters. While the insights gleaned from escape 
rooms could also apply to other immersive learning environments, 

e.g., digital games [15], here, we focus on applying them to XRLEs, 
specifically, due to the immersive and spatial nature of the two 
environments. While XRLEs, like escape rooms, typically require 
learners to move about in a three-dimensional space and take action 
with their actual bodies, leading to heightened immersion, educa-
tional games are typically presented via computer screens and lack 
the immersive and spatial component. Further, we recognize the 
problem of immersive reflective prompts to be more pressing in 
the XRLE context due to the aforementioned immersive and spatial 
nature, thus rendering them a more relevant context for this work. 

To guide this exploratory work, we developed the following re-
search question: “What can we learn from how game masters provide 
hints and nudges to escape room players to enhance reflection in XR-
LEs?" While terminology and practices are not consistent across 
escape rooms, for the purposes of this work, we refer to assistance 
that was specifically requested as a “hint" and assistance that was 
provided at the discretion of the GM as a “nudge," consistent with 
how the majority of our participants differentiated between the two 
forms of aid. To answer our question, we conducted semi-structured 
interviews with 13 game masters with various levels of experience 
in the United States. From the interviews, we extracted ten themes 
sorted into three categories related to observations of player progres-
sion, players’ experience of the escape room, and the delivery of aid. 
From these themes, we synthesize and discuss a foundation of how 
these three categories, and the themes within, describe what GMs 
look for in players, how they interject to provide aid, and how these 
findings can inform the design of reflective prompting in XRLEs. 
We translate these findings into ideas for the use case of a human 
(i.e., educator) and the use case of technology prompting, guiding, 
assessing, and responding to reflection in XRLEs. Through these 
discussions, we contribute suggestions for innovative design oppor-
tunities of how XRLEs can better integrate reflection to enhance 
learning in such immersive and spatial learning environments. 

2 Related Work 
In the following sections, we review relevant literature on how 
reflection is elicited via prompts, visualization, and conversation 
in learning environments. We then transition into a discussion of 
extended reality learning environments (XRLEs) and the role of 
reflection within them. We conclude with a brief introduction to 
and justification for examining escape rooms. 

2.1 Eliciting Reflection in Learning 
Reflection is a metacognitive process by which learners explore 
and review their experiences to reach new understandings [9]. 
It is a key part of learning, particularly when the goals include 
deeper competence and confidence beyond the subject’s surface 
features. Through reflection, learners can overcome challenges [88] 
and adapt to new situations [45], ultimately making them stronger 
learners. Prior work already demonstrated that reflection improves 
learning outcomes in various contexts [2, 85, 98]. As such, there is 
interest in effectively triggering reflection [19] and evaluating its 
quality and impact [57] to better leverage it to improve learning 
experiences and outcomes. 

In traditional learning environments, reflection is often elicited 
through “prompts” or brief interventions that request the learner 



From Locked Rooms to Open Minds CHI ’25, April 26–May 01, 2025, Yokohama, Japan 

write or dictate a response to a question (or set of questions) or 
elaborate their thoughts on an idea [62]. For example, Rakovik 
et al. [82] had biology students write short essay responses to 
five reflective prompts regarding their activities in and around the 
class after their first exam. Such prompts can also vary in terms of 
specificity. Kramarski and Kohen [49] illustrate this point in their 
work, which provided students in a teaching program with generic 
(e.g., stop and reflect) or specific (e.g., reflect back and ahead on 
the experience) prompts to examine and compare the effectiveness 
of the two styles on the learners’ self-awareness. In earlier work, 
Davis [19] also examined the differing impact of generic vs. directed 
prompts on middle school students, finding that both the quality of 
reflection and learning gains varied depending on the style of the 
prompt. Interestingly, the results of these two studies contradict one 
another, with one finding generic prompts to be better for reflection 
and the other finding them to be worse [19, 49], suggesting that 
there is a time and place for both approaches. 

As learning technology evolved, so did the ways of eliciting re-
flection from learners. One trend of note is visualizations of student 
or community (i.e., the class) performance in a learning context. 
Commonly utilized in learning analytics and open learner modeling 
[8, 30], but also becoming more popular in game-based learning as 
well [96], the aim is to provide students with data that allows them 
to contextualize their progress in terms of class goals or classmates 
and motivate better learning behaviors. In doing so, this approach 
is conceptually similar to using data to promote reflection in other 
areas of human-computer interaction, such as personal informatics 
[6, 67]. An example of this approach can be seen in the recent work 
of Maram et al. [63], who developed an open learner model for an 
educational game that teaches parallel programming. The model 
uses process visualizations to show students where they performed 
poorly and expose them to alternative ideas via the data of their 
classmates. Their user study highlights how access to this infor-
mation prompted students to reflect on their learning process and 
consider how they would adapt. 

Conversing with an AI is also an effective way to elicit deep 
reflection [30]. As a result, many digital learning environments opt 
for dialogue-style interactions with a chatbot or similar agent as an 
alternative to traditional prompting (with or without any visualized 
component) [50, 101]. Winkler et al. [99], for example, presented 
Sara, a conversational agent embedded within an online learning 
environment, who, as they discuss in their work, helped students 
reflect on their understanding of the topic through scaffolded dia-
logue. In another example, Wolfbauer et al. [100] developed Rebo, a 
chatbot that prompts users to reflect on their work experiences as 
learning opportunities, which they found was successful in doing 
so with 98% of their participants. 

All of this work demonstrates the various and creative ways 
that learners are prompted to reflect in analog and digital learning 
environments. However, most of the work until now has focused 
on what one might call “traditional” digital learning environments, 
where a student is situated in front of a monitor. Extended real-
ity learning environments (XRLEs) add a layer of complexity by 
immersing the learner such that they are situated within the envi-
ronment itself. This change in interaction modality makes many 
existing approaches to integrating reflection difficult to implement, 
warranting a need for domain-specific considerations. 

2.2 Extended Reality Learning Environments 
(XRLEs) 

Extended reality (XR) refers to technologies that surround the user 
in 3D images and sound, making them feel immersed in either a fully 
digital or mixed physical and digital environment, encompassing 
virtual, mixed, and augmented reality. XR can enable learning op-
portunities that are difficult or impossible in traditional classrooms, 
such as transporting students to inaccessible places and visualizing 
phenomena at scales not possible in real life [78]. The primary affor-
dances of XR for learning are its immersive capability that makes 
learners feel present in a different place, and the agency it gives 
them through its novel forms of interactivity with digital objects 
and environments [60]. These affordances can enable immersive 
learning experiences that situate learning in meaningful tasks and 
environments previously only possible through experiences like 
apprenticeships, field trips, and exchange programs [21, 54]. In fact, 
XRLEs can improve upon physically situated learning experiences 
not only because they make them more accessible but also because 
the experience can be designed to maximize learning. For example, 
XRLEs can scaffold learners’ experience by giving them progres-
sively more challenging tasks, overlaying information onto objects 
and environments, and automatically measuring their learning by 
collecting multi-modal performance data. 

Despite the promise of XR to deliver these rich learning expe-
riences, reviews and meta-analyses find that using XR at times 
increases learning outcomes over using other media, but at others 
has no effect or even a negative effect [28, 81, 102]. One explana-
tion is that the stimulus and arousal of using XR lead to extraneous 
cognitive load, making it difficult for learners to focus or to process 
the information they receive in the environment [65]. For example, 
Makransky et al. [61] found learners retained less when using a lab 
simulation in VR than a 2D version. 

Reflection, however, has been shown to help learners manage 
their cognitive load in VR while increasing their intrinsic motiva-
tion to learn, suggesting it can mitigate the information retention 
issues of previous work. One study showed that a reflective activity 
increased learning outcomes over only viewing a VR experience 
straight through: participants in the reflective condition removed 
their headset and wrote a summary of what they had just viewed 
six times throughout the VR experience [76]. Another study found 
a generative learning activity in which participants worked in pairs 
to teach what they had learned to a peer immediately following 
a VR or computer-based simulation increased learning retention 
and transfer most for the VR participants [46]. Qualitative research 
on classroom VR implementation also found that learners can bet-
ter understand what they see and do in VR field trips when given 
opportunities to reflect and discuss with their peers immediately 
following the VR experience [66]. 

While these prior studies illustrate the benefit of reflection in 
supporting learning in XRLEs, questions remain about the most 
effective ways to incorporate it within an XR learning experience 
rather than prompt reflection afterward. One study utilized segmen-
tation in a VR learning experience about climate change, pausing 
and encouraging users to think about what they had just seen and 
heard, but this did not improve learning outcomes over engaging 
straight through without pauses [79]. Therefore, more research 
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is needed to understand when and how such prompting is most 
effective in XRLEs. 

2.3 Escape Rooms 
In the mid-2010s, escape rooms emerged as a popular pastime, chal-
lenging small groups of players to a game that required them to 
solve puzzles and answer riddles to escape from a “locked” room 
[25]. The games grew in popularity, and escape rooms can now be 
found in most major cities. Research into escape rooms and how 
they can be used for serious or high-impact domains has grown 
since [71, 72]. Examinations into the rooms themselves and their 
players found that the experiences offer more than just entertain-
ment. Like many gaming experiences, escape rooms can nurture 
real-world skills, especially those related to collaboration, commu-
nication, and teamwork [75, 95]. 

Important for our purposes, escape rooms promote and require 
critical thinking and problem-solving skills [5, 20, 29, 32, 103], mak-
ing them comparable to learning environments. Unlike traditional 
learning environments, however, escape room players are immersed 
within the environment of the room, similar to learners’ state of 
immersion within an XRLE. Escape rooms also almost always fea-
ture a “game master,” a type of facilitator who watches what hap-
pens in the room from a control room and, most notably, provides 
hints or nudges to the players when they ask or become stuck 
in their progress. These prompts are integral to the experience 
and are meant to guide players or help push them forward, not 
unlike reflective prompts in learning environments. To illustrate, 
a common structure for reflective prompts in learning is “please 
review/evaluation...what worked/did not work?” [45, 57]. Escape 
rooms may, similarly, feature hints along the lines of “think about 
[something noticed/already done] what worked/did not work?”. 
More importantly, these escape room aids are exchanged so that 
they do not break player engagement. For these reasons, we turn to 
escape rooms and game masters to seek insights that may address 
the problems with integrating reflective prompts in XRLEs that we 
discussed previously. 

3 Methods 
To explore our idea and answer our research question, we conducted 
semi-structured interviews with current and former escape room 
game masters. Through interviews, we could ask targeted questions 
regarding our research interest (prompting reflection via nudges 
and hints) but follow up on what they say to get deeper insights 
into their experiences and expertise. 

3.1 Participants 
Participants were recruited through social media, email, escape 
room special interest groups, and the researchers’ personal net-
works. Participants were required to be over 18 years of age, lo-
cated in the United States, capable of communicating in spoken 
English, and either currently or formerly have worked as a GM 
for an escape room. No other inclusion or exclusion criteria were 
applied. Participants were not compensated, and the study was a 
strictly voluntary activity. A total of 13 participants were recruited 
for the study. We discuss saturation of the data below. 

The GMs had a range of experience that can be seen in Table 1. 
Experience ranged from 5 months to 7 years and most had experi-
ence overseeing rooms of various difficulties About half had also 
helped design rooms at some point. Beyond what is presented in the 
table, no other demographic information (i.e., age) was considered 
relevant for the current study. 

3.2 Interview Protocol 
Interviews were one-on-one and conducted over Zoom between 
May and July 2024. Audio was recorded. All participants were 
assigned a random ID number. Interviews lasted between 15 and 52 
minutes with an average of 32 minutes. University IRB approved 
the protocol. 

The interview (see Table 2 to view questions) was intended 
to capture various elements of GM assistance in escape rooms, 
including when it is given, how GMs determine it is needed (both 
for hints and nudges), how it is phrased or delivered to the player, 
and what type of assistance it is. 

Interviews were semi-structured, meaning that the attending 
researcher would ask follow-up questions when necessary, and 
participants could speak for as long as they desired. Questions were 
skipped if they were deemed irrelevant to the participant (i.e., if they 
did not provide nudges when players did not ask). Participants were 
also allowed to skip any question they did not wish to answer or ask 
for further explanation for any question they did not understand. 
At the beginning of the interview, the attending researcher asked 
the GMs for their years of experience as a GM, the number of rooms 
completed as a player, whether or not the GM had ever designed 
a room, and the average difficulty of rooms GMed (see Table 1). 
After the interview, the author allowed the participants to ask any 
remaining questions before thanking them for their time. 

3.3 Data Analysis 
After each interview, the first author noted initial emerging themes. 
Apparent saturation was observed quickly: by the eighth interview, 
no new themes were observed. Five additional interviews were con-
ducted to confirm, and no additional themes emerged. All authors 
reviewed the themes and determined that saturation [26] had been 
reached. 13 participants is consistent with common standards for 
similar, qualitative research [27, 44, 97]. 

Interviews were transcribed using Adobe Premiere, cleaned man-
ually, and analyzed using iterative open coding [87]. For this pur-
pose, all interview transcripts were imported into a spreadsheet 
with each individual interview transcript contained within its own 
tab and each utterance (of either the interviewer or GM) in its own 
line. The transcribed utterances were contained in the left-most 
cell of each line and the remaining cells were used for coding. The 
unit of analysis was an entire utterance by a participant. The first 
and second authors conducted the analysis, first reviewing a repre-
sentative sub-set containing 30% of the data [12]. Independent of 
each other, they labeled each participant utterance, using the empty 
cells to the right, with initial emerging themes, quotes, or notes or 
memos and organized and consolidated their labels into initial codes. 
Together, they then discussed their findings, collapsed overlapping 
codes, and generated a combined list of 16 initial themes. 
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Table 1: Demographic information for the GMs interviewed. For the communication category, “verbal” refers to information 
conveyed by speaking over audio equipment (i.e., a speaker or a walkie-talkie). Some GMs mentioned stepping into the room to 
explain something in extreme situations, but this was not the standard form of aid. “# played” refers to the number of rooms 
they have attempted as a player. 

GM Yrs as GM Hours # Played Designer? Communication Difficulty of Rooms GMed 
1 5 Months Full Time 1 No Verbal and Text Beginner to Advanced 
2 6 Years Full Time 50 Yes Verbal Beginner to Advanced 
3 3 Years Part Time 3 No Verbal Intermediate 
4 1.5 Years Part Time 12 Yes Text Beginner to Advanced 
5 1.5 Years Part Time 37 No Text Intermediate 
6 3 Years Full Time 40 No Live Actors Beginner to Advanced 
7 7 Years Part Time 225 Yes Verbal and Text Beginner to Advanced 
8 2 Years Part Time 36 Yes Text Beginner to Advanced 
9 3 Years Full Time 175 Yes Verbal Advanced 
10 3 Years Full Time 50 Yes Text Intermediate to Advanced 
11 3 Years Part Time 25 No Verbal and Text Intermediate to Advanced 
12 1 Years Full Time 7 No Verbal and Text Intermediate to Advanced 
13 2.5 Years Part Time 10 No Verbal and Text Beginner to Advanced 

Table 2: The interview outline for the escape room game masters. 

Part 1: Regarding when assistance is given and how GMs determine it is needed 
For nudges provided when the players do not ask 
1. How often do you typically provide nudges when not explicitly asked? 
2. How do you identify when a participant needs a nudge? 
3. How do the participants typically respond to these unprompted nudges? 
4. How do you determine if the nudge worked or not? 
5. If it does not work how do you respond? 
6. Have there been moments where you provided a nudge that the participants did not want? 
For hints provided when the players ask for them 
7. How often do participants request hints? 
8. In what types of situations do participants typically request hints? 
9. How do the participants typically respond to the hints? 
10. How do you determine if the hint worked or not? 
11. How often would you say you provide nudges unprompted vs. provide requested hints? 
Part 2: Regarding how the assistance is phrased and delivered 
1. When giving a hint or nudge, how do you phrase it? 
2. What, in terms of the task at hand, do you include in the hint or nudge? 
3. Is there anything specific that you do not include or try not to say? 
4. When deciding how to structure the hint, what, about the players, do you take into account? 
5. Have you ever encountered a scenario where you unintentionally gave players the answer? 
6. Can you think of a recent scenario where you gave a hint you thought was very successful? 
7. If a hint or nudge does not work, how do you respond? 
Part 3: Regarding the type of assistance 
1. What types of assistance do you typically give? 
2. What do you take into account when you decide what type of assistance to provide? 
3. Do you typically stick to one kind of assistance or does it change? 

The first and second authors then independently coded a separate 
30% of the transcripts with these themes to assess their Inter-Rater 
Reliability (IRR) via Cohen’s Kappa [16]. Once again, the themes 
were applied to the empty cells to the right of the utterance in the 
spreadsheet. The IRR calculation was then performed manually by 
the first author. The resulting Kappa value was .64, indicating mod-
erate agreement [53]. The two authors discussed disagreements and 

identified several conceptual overlaps, resulting in 14 themes. The 
researchers then performed a second IRR check with the updated 
themes, resulting in a Kappa of .798, a strong level of agreement 
[53]. The first author then coded the remaining data and performed 
a final iteration on the themes, collapsing and re-organizing them 
based on the number of appearances and remaining conceptual 
overlaps. The result is 10 themes, which were then discussed among 
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all authors and organized into three conceptual categories. This 
final list of themes can be seen in Table 3 and is discussed in the 
next section. 

4 Results 
The single most common concept that emerged from our interview 
data was the importance of adaptation. GMs had to be ready to 
adapt their entire intervention strategy and to adapt individual 
aids on the fly, depending on what players needed. Our analysis, 
further, revealed ten themes concerning GMs’ best practices in 
terms of what they look for and how they intervene when they are 
engaging with this adaptive aid process. We organized these into 
three interrelated categories based on common concepts, which we 
present below: Progression, Experience, and Delivery. An overview 
can be seen in Table 3. 

4.1 Theme Category One: Progression 
The first category is Progression. We define progression, here, as 
a focus on the observed player progress, or their advancement 
through a task or the entire room. This category contains three 
themes related to the ways in which GMs would observe progress, 
players’ awareness of their own progress, or how interventions 
could prompt or guide progress. 

4.1.1 Theme One: Progression is both an indicator that aid is needed 
and that it was successful. GMs revealed that sometimes players 
would simply stop making progress and would either explicitly ask 
for help or require the GM to interject: “those are the people who 
will...sort of spend 2 or 3 minutes kind of staring at things or staring 
at nothing and then go, ’what are we supposed to do here?”’ (GM 
6). While this example demonstrates a case where progress stops 
before it even begins, others discussed cases where players would 
stop making progress in the middle of a puzzle, typically because 
they were unable to determine the next step: “so there’s steps to 
get...from one process to the next. And, if they’re wandering around 
and, you know, if the next step they need is basically just to, you know, 
open a drawer or, you know, look somewhere that they haven’t looked 
yet, then, I will...wait 2 or 3 minutes and then give them a clue” (GM 
11). GM 11’s quote highlights the need to wait before chiming in, as 
players’ progress may not be stalled, and they may just be thinking. 

GMs suggested that tracking progress was important, not only 
to see when help is needed, but also to make the correct judgment 
in what help to give: “I have a couple times assumed that a group 
was further along in a puzzle than they actually were...and I sent 
help for where I thought they were in the puzzle, which included 
maybe an object that they hadn’t picked up or something they hadn’t 
noticed yet” (GM 8). Additionally, almost all GMs revealed that they 
knew their aid worked if the players made progress afterward. For 
example: “if they actually solve the puzzle. Yeah. If they solve it, and 
continue to the next. Because the puzzles in our rooms, it’s like a series 
of puzzles. They have to start on the first one, then the second, then the 
third. Like this...So once they actually solve the puzzle and continue 
to the next one, I can hear it, see it actually, the hint working” (GM 
1). Some GMs suggested that the speed with which they can turn 
the help into progress is also an indicator of how good a hint is: “I 
sent it to them and they immediately got it. And I felt amazing, and 
I immediately added it to our prefabricated hints, so that it can be 

reused as many times as we want, because it just worked that well” 
(GM 8). This theme and these quotes highlight how observable 
progress is an easily measured benchmark for GMs to determine 
the state of players and when they are ready for aid. They also 
emphasize the need to pay close and constant attention to players’ 
actions to ensure that aid is provided at the right time and in the 
right way. 

4.1.2 Theme Two: The sensation of a time crunch will prompt aid. 
Building upon progress on its own, GMs also revealed that progress 
could be measured in relation to time. Most escape rooms provide 
players with one hour to solve all the puzzles and “escape” the room 
(with some variants offering more time), and in their interviews, 
GMs revealed that both they and players were cognizant of this 
time crunch. In some cases, players who were tracking their time 
remaining would begin to request more hints if they felt they were 
falling behind: “I think that we generally saw...a pickup in requests for 
hints as there was a time crunch. So once it’s getting closer to the end, 
I would say that’s the only time where I would say, situationally, more 
hints would be requested” (GM 7). Similarly, several GMs described 
tracking time, and what players’ progress should look like as time 
ticked down to decide whether and when to interject: “I know, like, 
okay, if they haven’t gotten this in like five minutes or I know they 
need to be in to the next puzzle in like the next ten minutes, like I can 
kind of use that as, as a way to gauge, like, okay, they really need a 
nudge now because if I wait, they’re not going to get out” (GM 4) and 
“we interfere here and we send the hints to help them even...even if 
they don’t like it, because they took a long time and we need them 
to...to explore the room more” (GM 1). The emphasis on time was 
motivated not only by players’ desire to succeed but also by GMs’ 
desire to have players succeed and ultimately have a good time: 
“We want them to experience the room, in our escape rooms. So we’re 
not necessarily we don’t want to sit there and just watch them, like, 
not get anything for 40 minutes” (GM 4) and “you want to put them 
in the right direction to sort of avoid frustration” (GM 13). However, 
GMs also revealed that, despite their desire to help players succeed, 
some did not want hints, no matter how far behind they may be: 
“it is wild to see people lose because they have decided that interacting 
with me is a concession, that they will not make for themselves” (GM 
6) and ”then there’s groups that will die before receiving a hint. And 
it doesn’t matter if they are going to succeed or fail, they will not take 
anything. No matter how many times they’re prompted, they will not 
accept or ask for a hint” (GM 7). These quotes reveal the significant 
role that time plays in players’ and GMs’ perceptions of progress 
and the need to give or receive aid and raise questions about what 
may happen in an environment that does not have a time limit. 

4.1.3 Theme Three: Aid can direct players’ attention or engagement 
when it is insufficient or incorrect. Similar to the first theme, GMs 
also discussed the need to observe and track players’ focus and 
engagement. Specifically, if players begin to drift away from the 
puzzle they are working on or become overly focused on unrelated 
parts of the room, it is an indicator that they may need help: “it 
could be that they are spending a lot of time on something that is 
not going to help them at all. Just really digging a rabbit hole down 
there and they need a nudge to get away from that into something 
that maybe they thought of before or something that is like next 
to whatever they’re working on” (GM 13). Unlike the first theme, 
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Table 3: The analysis resulted in ten themes, which we organize into three interrelated higher-level categories based on common 
concepts and present alongside the number of times each theme appeared in the data and the number of GMs who mentioned 
it. 

# of Obs # of GMs Theme 
Theme Category 1: Progression 

39 13 Progression is both an indicator that aid is needed and that it was successful 
17 10 The sensation of a time crunch will prompt aid 
45 14 Aid can direct players’ attention or engagement when it is insufficient or incorrect 

Theme Category 2: Experience 
46 13 Emotions determine when aid is needed and whether or not it was appropriate 
13 8 Aid is diegetic, and sometimes the requests are too 
81 14 Player characteristics and differences will influence when/how aid occurs 

Theme Category 3: Delivery 
34 13 Aid is incremental, scaffolded, and elaborates as needed 
19 10 Aid should not include the answer, unless it must 
17 8 Aid should make the players feel like they came up with the solution themselves 
22 10 Players should have agency in when/how they receive aid 

here, GMs are specifically watching players’ behaviors in terms of 
what puzzles they are attempting to solve and whether or not they 
become distracted by unrelated elements. In some cases, it seemed 
like this was caused by set dressing in the room that confused 
players: “there are elements of the the space that will be designed in 
a way that has more potential for red herring...the players would just 
start reading books, and in that game, it’s not about the books” (GM 6) 
or because players did not realize the pieces they were interacting 
with were not part of the same puzzle or task: “if they are combining 
information from two separate puzzles that isn’t intended to be mixed, 
then I’ll say like this information over here, just ignore that for now” 
(GM 10). 

For these reasons, GMs described directing players’ attention 
usually to aspects of the room they may have overlooked. For 
example, GM 2 described directing players with, “Hey, guys, you 
have 15 minutes remaining. Did you notice that clock on the wall?”, 
illustrating how directing attention also relates to a time crunch. 
GMs further discussed how players would often miss one piece 
of a puzzle, either not noticing an important piece or not looking 
at it closely enough: “sometimes...you just have to tell them that 
something exists...if they just looked at the front of a chest closer, 
that’s all they need to know” (GM 4) and “how do you make them 
realize that they haven’t...done the thing you’re telling them to do? 
Sometimes there are specific words that we can like, highlight and 
make bigger so that they reread it” (GM 11). This illustrates how 
GMs track and direct players’ attention to help them reach the 
answers on their own, rather than provide an answer directly. This 
desire influenced other themes, which we discuss further below. 

4.2 Theme Category Two: Experience 
The second category is Experience. We define experience, here, as 
a holistic combination of sensations, emotions, and perceptions 
players may have within the room, as inferred by the GMs. This cat-
egory contains three themes related to the complicated interaction 
between the players’ inferred experience and the GMs’ decisions 
and actions, and how the two inform each other. 

4.2.1 Theme Four: Emotions determine when aid is needed and 
whether or not it was appropriate. The first theme in this category 
deals with the explicit observation of emotional states. GMs dis-
cussed how negative emotional states such as frustration or lack 
of interest were good cues for them to interject. They further re-
vealed that these emotional states could be inferred from gesture 
or movement: “there’s something that I describe as the hands. It’s the 
kind of like tossing up of the hands, they don’t know what’s going 
on anymore” (GM 8) or, more subtly, from a change in behavior or 
tone in the room: ”so people would just not be talking and they would 
just be staring at something or kind of not knowing what to say. So if 
it was a very quiet group, at a certain point, then it was a good indi-
cator that they’re completely stuck” (GM 7). Additionally, GMs also 
emphasized the importance of listening to how players speak to 
each other since verbal cues could also indicate negative emotional 
states: “If they start saying ’no, I already tried that’ in a terse tone, 
or say things like, ’here, give it to me, you’re doing it wrong”’ (GM 
5). All GMs seemed to agree that such negative emotional states 
were a sign that aid was needed, and they would either chime in 
with a nudge or remind the participants that they could ask for a 
hint if they needed it. One participant, GM 3, even suggested that 
interjecting with a nudge or a hint was a strategy they used to break 
up an argument or fight: “if it seems like they’re going to argue with 
each other, we’ll do interrupts with hints”. 

Emotions, however, were not only an indicator of when aid was 
needed but also a way of evaluating whether it was appropriate to 
the players’ desires and needs. When asked how players typically 
responded to help, GMs described a variety of positive and negative 
emotional responses. Several GMs described players making self-
deprecating comments either seriously or jokingly: “Sometimes it’s 
the self-deprecation of, ‘oh, my God, I’m so stupid, I should have seen 
that’. Weirder still is sometimes they’ll bust their friends like ‘you 
idiots! Why didn’t you see that?’ Says the person who also didn’t see 
that” (GM 6) and “typically they would laugh and say, ‘oh my gosh, 
we are so dumb’. That phrase is the one that I heard most in my entire 
time working there” (GM 5). Other GMs described players reacting 
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to the help with joy or laughter: “they sometimes laugh. It’s like a 
pretty good response” (GM 1) and “we were literally having a group 
high five...they were so excited” (GM 9). Others described behavioral 
reactions such as increased motivation: “if you’ve done a really good 
job and given a really good clue or hints, there’s the, you know, I got 
it and, you know, and they’re excited again. And the energy’s back 
up” (GM 4). Together, these examples illustrate how GMs often 
infer emotions from subtle indicators and learn to make the correct 
choices in response. 

4.2.2 Theme Five: Aid is diegetic, and sometimes the requests are too. 
Escape rooms typically feature a theme or story such as “the Old 
West”, “secret agents”, or “spaceships”. When asked if the theme 
played a role in how help was administered, many GMs discussed 
how nudges and hints are often diegetic, meaning they fit cohesively 
within the theme or narrative. For example: “it was not intended to 
be a person on the other side of the screen...people would ask for help 
by saying, ’computer, we need assistance.’ And it was supposed to be 
like, oh, we’ve got this sentient top of the line AI. And so sometimes I 
would send things like ‘my database indicates that, Romans 623 is a 
Bible verse”’ (GM 8) and “we try to provide hints, like...in a manner 
where it’s something...probably the Mad Hatter would say” (GM 3, 
who worked in an Alice in Wonderland themed room). One GM, 
GM 6, even revealed that, sometimes, the players themselves would 
also get caught up in the theme of the room, and the way they 
would ask for hints would become diegetic: “Often when they ask 
for hints, they are asking in an immersed kind of way. So they’ll say, 
‘hey [character name], have you ever seen a book like this before?”’. 
This theme highlights the narrative experience within the context 
of the escape room and an attempt on the parts of all involved to 
maintain the consistency and immersion of that experience. 

4.2.3 Theme Six: Player characteristics and differences will influence 
when/how aid occurs. This theme, which is the most prominent in 
the dataset as seen in Table 3, encapsulates the central idea from all 
GMs that no two groups of players would require the same aid at 
the same moment in time. GMs further clarified that aid had to be 
customized or adapted based on what players were experiencing 
within the room. Age was a commonly mentioned determinant 
factor, with almost all GMs providing help differently to groups of 
children versus groups of adults: “there are some teams of students 
who will come in, and students generally, it seems like, don’t care as 
much and so they’ll ask for a lot more clues...but I guess if there’s 
like a team of people college aged or in their 20s who are playing, 
they’d probably ask for less” (GM 11) and “I find it’s people like their 
20s to 30s are usually the most prideful when it comes to asking for 
help, because they think they should be able to do it on their own” 
(GM 10). Beyond just the timing of help, how it is phrased may also 
be impacted: “with adults, I’ll send something a little more vague, 
and with little kids, it’s very obvious, like, ‘go over to this thing”’ 
(GM 8). Other characteristics determining when and how aid was 
administered included competitiveness: “I’m less likely to give a 
group of, like, all men who seem to be very competitive, a nudge. But 
if it’s a group that’s just there to have fun...” (GM 11), past experience 
with escape rooms: “If a group was open to receiving extra hints, it 
was usually groups who were brand new to escape rooms...” (GM 5), or 
experience with similar games: “if they’re wearing a Dungeons and 

Dragons shirt or a video game shirt...you kind of know that they’re 
probably going to be okay” (GM 4). 

This theme highlights the significance of individual differences 
when administering aid to players. Notably, however, it is not just 
the differences that define players outside of the room but also the 
differences that emerge between groups as they progress through 
their experience, which require the GMs to judge and adapt to the 
situation dynamically. 

4.3 Theme Category Three: Delivery 
The third category is Delivery. We define delivery, here, as the 
considerations and dynamics involved in the communication of aid 
by GMs and the subsequent inferred perceptions players have of 
that aid. This category is distinct from the previous as it focuses 
solely on the provided aid, whereas the previous category considers 
the entire escape room environment. This category contains four 
themes related to how aid is structured and how GMs try to ensure 
certain perceptions from the players towards the aid they give. 

4.3.1 Theme Seven: Aid is incremental, scaffolded, and elaborated 
as needed. GMs described dynamically adapting to players, and 
help was almost never a “one and done” situation but rather an 
incremental process of starting vague and becoming more direct or 
specific based on how players responded. For example: “If I send 
them a nudge and they read it and maybe they don’t quite know how 
to apply that information, I might send something a little more clear 
or something for another part of the puzzle that when they have both 
pieces, they can connect it and come to the conclusion” (GM 8). This 
was partially influenced by the desire to let players reach the answer 
on their own, which meant that assistance often began with a vague 
statement, i.e., “We try to give them as little as possible...whatever the 
least we can possibly say that will get them to where they need to be is 
our goal as a game master” (GM 9). However, the GMs also revealed 
that players would frequently not understand such statements or 
that they would only get them part way to the next step, therefore 
requiring further aid: “I might have to take 2 or 3 messages to get 
you there, because some puzzles are just more complicated” (GM 4). 
GMs also revealed that they had to think quickly about what caused 
miscommunications or confusion so they could accurately adapt 
the aid to the players: “we’ll have to kind of cater the clues to the 
person. So if they’re not getting it right away, I have to then figure 
out, okay, well, was it the wording or was it...some of them aren’t 
English speakers for their first language. Some of them speak other 
languages like French, Mandarin, Spanish, we’ve even had a team 
from Italy come and play, so that might also be why. So sometimes we 
might translate the clues for them to help them” (GM 12). This theme 
highlights the challenge in determining what element of help may 
not be working and how GMs must think about adapting assistance 
to the players, similar to how an educator may adapt their teaching 
style to the needs of a struggling student. 

4.3.2 Theme Eight: Aid should not include the answer unless it must. 
When asked what they try to avoid including in their assistance, 
most GMs explicitly stated that they did not want to give away 
the answer. For example: “obviously we try to avoid giving like 
the, the straight, straight up...answer” (GM 3), “I would try not to 
give the complete answer” (GM 5), and “we just don’t give them an 
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answer...we don’t tell them codes” (GM 2). This trend is unsurprising, 
as giving the answer away would likely ruin the fun of the game. 
However, several participants revealed situations where they would 
give players the answer. In some cases, this happened if the GM 
had given multiple clues to the players, but the players still did 
not understand the solution, suggesting limits to the scaffolding 
revealed by the prior theme. For example: “If you have to give them 
the answer, if you’re out of clues and the last thing you have is the 
answer and they say, ’yes, I would like the answer’ I would say they 
probably didn’t understand the puzzle” (GM 12). In other cases, the 
GM would give the answer if the players had effectively solved the 
puzzle but were stuck on a small or superfluous detail: “I would 
just tell them, I would just tell them the answer in most cases. If they 
have gotten like, most of the numbers or they’ve gotten the order 
wrong, but like most of the numbers, I would just tell them like, this 
is correct” (GM 11). Notably, however, GM 11 did go on to mention 
that participants would not always accept the answer: “sometimes 
they’ll say like, ’not yet’ and they’ll wait and try it a few more minutes 
and then ask for it” suggesting that players had the agency to accept 
the answer on their terms. In all cases, when GMs discuss ultimately 
giving the answer, it comes from wanting the groups to succeed 
and enjoy the room, and therefore, a desire to just get them past 
the roadblock in their way. 

4.3.3 Theme Nine: Aid should make the players feel like they came 
up with the solution themselves. Several GMs highlighted how the 
players’ sense of competence was central to having a good experi-
ence. As GM 2 put it “a big thing about escape rooms is...some people 
don’t like them because they feel like they make them feel stupid”. 
This statement highlights the reason that emotional responses to 
help can be so varied or even negative: players want to feel smart, 
they want to figure it out on their own. To help players feel smart, 
most of the GMs would phrase their assistance in the form of a 
question: “our hints are always given in the form of questions, and 
I think that’s very important...so...rather than just kind of ignoring 
everything they’ve done so far and saying ‘this is what you got to do 
instead,’ trying to gently steer them in the correct direction by asking 
questions so they can still come to those conclusions themselves” (GM 
10) and “I usually form it as a question, because then I guess they saw 
it as, ‘okay, she’s asking a question that’s obviously supposed to get 
me to think about this,’ but then, when they think about, it’s like, ‘oh, 
yes, I answered this question then I got it,’ and that gave them the 
confidence to continue on. It made them feel less dumb” (GM 5). GM 
6, in particular, described how rewarding it was for all involved 
for the players to feel like they had reached the answer on their 
own: “in telling me what they know, sometimes, just the process of 
explaining it out loud to another person, they will come up with the 
solution and they’ll go, ‘oh my God, thank you’ and I’ll go, ‘cool! I did 
literally nothing.’ I mean, what a win that is, right? Because that was 
entirely their idea”. Ultimately, GMs believe making the players feel 
smart helps to keep them in a positive mood, more comfortable, 
and also more immersed in and engaged with the environment. 

4.3.4 Theme Ten: Players should have agency in when/how they 
receive aid. When asked if they gave players nudges or only hints, 
all GMs stated, to some extent, that they asked the players what 
they wanted. To illustrate: “we give all of our players an option as 
to the kind of level of hint giving they want. Some players will, of 

Figure 1: From the results, we can recognize a model of how 
the GMs provide aid, which can inform reflection design. The 
model presents the GM as an actor capable of two actions (ob-
serving or intervening), with adaptation acting as a mediator 
in that they must both adapt their interventions and adapt 
what they watch for and how they interpret it, and focused 
on three foci, in terms of what they observe or interact with 
(progression, experience, and delivery). 

course, select ‘only if they ask’. Others, though, will say, ‘yeah, it’s 
okay if you kind of jump in or, you know, at least ask before you 
give a hint’, something like that” (GM 4). In some cases, GMs would 
clarify that they would always wait for the player to request help 
before providing it: “we might just poke our heads in and check in 
and be like, ‘how’s it going? Everything still going well?’ And then it’s 
kind of...providing them the opportunity to ask for a hint, but not just 
jumping and being like, ‘here’s a hint’” (GM 10). GMs emphasized 
player choice as important for ensuring the players enjoyed them-
selves and got the desired experience out of the room. Several GMs 
disclosed situations where, when defying player agency and giving 
a hint when it was not wanted, they were met with animosity. GM 
6 had experience with this situation: “when I give them a nudge, it’s 
sort of the ego ‘we need to win this without needing any hints’...Any 
time players are antagonistic towards me or treat me as the antagonist, 
I try to give them lots of physical space...I will not interrupt them”. 
Other GMs also described allowing players more agency in such 
situations: “if we see that the guest, you know, didn’t appreciate the 
additional information, we’ll...let them struggle a little bit more on 
things” (GM 9). Together, these examples highlight the significance 
of honoring the agency of a player. 

5 Discussion 
XRLEs’ immersive nature sets them apart from other digital learn-
ing environments, and makes it difficult to adopt best practices 
from those domains. Because escape rooms are highly immersive 
yet cognitively demanding like XRLEs, the insights from GMs’ best 
practices are informative for improving reflective opportunities in 
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XRLEs, perhaps moreso than insights from other digital learning 
environments. To date, most research on reflection in XRLEs uti-
lizes activities outside the immersive environment, such as having 
students complete an exercise after using a VR experience [76]. 
However, this work presents exploratory considerations for em-
bedding reflection within XRLEs to support learning throughout 
the experience. The model we present in Figure 1 formalizes how 
GMs provide aid in escape room environments by leveraging the 
available actions of observing and intervening and focusing on the 
foci of progression, experience, and delivery, all while constantly 
adapting this process based on their observations and the needs of 
the players. 

In this section, we discuss these concepts further in terms of how 
they connect our results to insights for XRLEs, and we summarize 
nine actionable insights in Table 4. We note, however, that XRLEs 
are not inherently the same as escape rooms. While escape rooms 
are typically (though not always) built for entertainment and group 
play, and feature a live human overseer, XRLEs are meant for educa-
tion (and may not be entertaining in any capacity), are more often 
meant for individual interaction, and may not feature any real-time 
human oversight. Given these differences, we acknowledge that 
our results and the directions we present below may be limited to 
certain types of XRLEs or need to be adapted based on the goals and 
design of the XRLE. For example, while our participants stressed 
that sensations of a time crunch prompted aid, it would be more 
beneficial for learners in an XRLE to slow down and think rather 
than speed up. We emphasize, instead, that the similarities between 
both mediums (featuring spatial, immersive interactive experiences) 
mean that XRLEs, inherently, have the potential to support these 
ideas, pending how they are designed, and currently, some XRLEs 
do feature more playful experiences [4] or are meant to be com-
pleted in a group context [34]. Our goal is to set the signposts for 
further research and development for XRLE-based reflection, and 
we make no claims about the impact on learning based on these 
results alone. 

We also envision the ideas we present here as being informa-
tive to both human-mediated (i.e., an instructor) and technology-
mediated (i.e., an AI agent) reflection. Currently, many XRLEs are 
deployed in contexts where an instructor or educator oversees the 
experience [41, 105] and in such contexts, it would be possible for 
these overseers to leverage the considerations we present to provide 
reflective, or better reflective, opportunities to their students. On 
the topic of technology-mediated reflection, we acknowledge that 
the GMs’ insights, which reflect distinctly human instincts, may 
not be feasible for current AI to replicate perfectly. Nevertheless, AI 
has excelled at tracking and evaluating learner progress for quite 
some time [55], and recent AI is getting better at detecting more 
subtle indicators, such as emotions [64]. LLMs, known to be capa-
ble of human-like communication, likewise show great promise in 
prompting reflection in human-like ways [35, 73, 77]. While some 
of what the GMs discuss cannot be replicated technologically at 
this time, we anticipate that future development of this technol-
ogy will produce systems capable of performing the required tasks 
to oversee reflection in XRLEs and present our considerations as 
guidance for such development. Future work can also explore how 
other forms of technology, such as biosensors for detecting focus 
or emotions [23], can augment this process further. 

5.1 Progression 
Three themes related to progress through a task or environment fell 
under the category of “progression.” Within this category, themes 
were focused on observing and interpreting players’ completion 
of tasks. When this observation resulted in a perception that pro-
gression was insufficient or unfocused, aid would be offered (or 
requested). Similarly, observations of progression continuing or 
focus returning after the aid were indicators that it was successful. 
This aligns with prior research on how awareness of one’s progress 
or performance [11, 24], and especially awareness in the context of 
others [45, 63], can prompt individuals to want to perform better 
in both lifestyle [6] and learning [30] activities. Additionally, such 
information can help learners think about their approach and what 
aspects of a problem require their focus [45]. As a result, data dash-
boards or similar tools that present one’s score or progress in the 
context of the community are commonly integrated into technology 
to motivate users [96]. Open learner models and learning analytics 
dashboards, for example, frequently present students with such 
information [8]. 

The focus of GMs on progression is informative for how to 
design reflection activities to occur in response to the learner’s 
achievement on the tasks in the immersive environment rather 
than in a standardized manner. When learners struggle on a task, 
they can be prompted to pause and assess their strategies and what 
they have learned so far to devise a more successful strategy. This 
approach is likely helpful for learners in XRLEs who may be over-
whelmed with distracting stimuli or, as the GMs suggest, aspects of 
a problem that are not helping them progress. On the other hand, 
reflection prompting can come when learners successfully progress 
through the tasks in an XRLE to help learners consolidate what they 
learned and help them devise deeper structures of their problem-
solving strategies that go beyond the surface features specific to 
the environment. Aligning with the GMs, instructors could monitor 
students’ progress to understand whether they are adequately pro-
gressing through the tasks in an XRLE and intervene in response 
to similar cues. Alternatively, XRLEs could be built with automated 
systems that assess data on the learner’s actions or biometric data 
to determine when a learner needs to be redirected or should re-
flect on their success, and an agent within the XRLE could engage 
the learner in reflection when needed. As the GMs describe, the 
learner’s response to these prompts would also help an instructor 
or AI agent to assess if the prompting was successful based on their 
subsequent progression. 

This approach that adapts to learners’ progression is a depar-
ture from current methods of reflection prompting in XRLEs that 
provide standardized times or breaks for reflection, such as seg-
menting a VR experience at pre-determined time points [76, 79, 80]. 
Further, this approach allows learners to reflect in action rather 
than reflect on their actions after completing a task or XR experi-
ence [66]. While time is the most universal manner of measuring 
progress (i.e., how long students spend on individual tasks), our re-
sults provide insights into other, subtler cues that these instructors 
or automated systems could look for to measure progress. Relative 
to other digital learning environments, progression in XRLEs is a 
unique case as their immersive and spatial nature means progress 
may be subtle, observable from, for example, the learners’ attention 
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Table 4: From our discussion of the escape room GMs’ best practices, we synthesize nine actionable implications for the design 
of reflection in XRLEs. 

Construct Implications 
Progression 

Progression is an important 
indicator for when escape 
room players need aid 
and also when learners 
need to stop and reflect, 
whether they are struggling 
to complete a task, are off 
task, or are being successful 
and should reflect on what 
they are doing well to 
uncover strategies. 

Reflective prompting should respond to whether a player is progressing or 
stalling in an XRLE and intervene when necessary. Consistent monitoring 
of progress will help determine if further reflection is needed or the intervention 
was successful to move the players along. 

Reflective prompting can help steer learners who are not making progress due 
to being overwhelmed by distractions in XRLEs. Reflection can help them think 
through more effective strategies or review what they have learned so far to 
point them in a more productive direction. 

Reflection activities can also support learners when they are successful and 
making progress by asking them to think through the strategies they have 
used and what they have learned. 

Experience 

Hinting in escape rooms 
aims to enhance the 
player’s experience, and 
reflective prompting 
should do the same by 
embedding it in the 
XRLE world and 
adapting the learner’s 
affective state and 
characteristics. 

Reflective prompting and activities should be native to the story, for example, 
coming from a character aligned to the theme or a task that fits into the narrative. 

Reflective prompts should respond to the emotional state of the learner, adapting 
when to intervene and what prompts to use based on whether a learner is 
frustrated, bored, or excited. 

Reflection design and prompts are not one-size-fits all but need to be tailored to 
learners’ characteristics like age, literacy, and education level. 

Delivery 

Escape room GMs 
structure their hints and 
nudges to best support 
players without giving 
away the solutions. 
Reflecting in XRLEs 
aims to do the same, 
helping learners arrive 
at their own solutions. 

Reflective prompts should provide scaffolding, starting with broad or vague 
questions and continuing to more narrowly direct attention only for those 
learners who need it. 

Reflective prompts should be delivered in a way that emphasizes the learner’s 
competence and their ability to complete the tasks themselves, thereby 
increasing intrinsic motivation. 

Learners should have some degree of agency in how often or when they 
receive support and prompts, which will also contribute to their intrinsic 
motivation. However, designers should still ensure every learner engages in 
sufficient reflection regardless of whether they think they need it. 

but not necessarily from explicit interaction with the environment. 
In this capacity, they are closer to escape rooms than most other 
digital learning environments, and observation is more key here 
than in other contexts. With regards to observing when progression 
had halted, our GMs described cues such as low energy levels (i.e., 
everyone slows down or becomes less animated), lack of focus on a 
single task and/or random actions, and a tendency to “just stand 
there”. All of these cues could be directly observable in an XRLE, 
and new technology is experimenting with detecting these cues, 
like attention, via algorithmic or biometric means [83, 93]. Such 
technology in XRLEs can be implemented to power an automated 
system or to support human judgment. 

5.2 Experience 
Under the category of “experience” were three themes related to 
players’ emotions, sensations, and perceptions. Within this cate-
gory, themes were focused on how to maintain a desired experience 
and what to observe to ensure that this maintenance process was 
adapted correctly. 

The most frequently occurring theme in our dataset was the idea 
that aid had to adapt in both delivery and timing to the players, 
who came to the room as different people and changed throughout 
play, in order to ensure that everyone would receive a desirable 
experience. In contrast, XRLEs typically feature the same type of 
reflective prompt for all learners [76]. While this is largely the 
result of technical limitations, and is starting to see change with the 
advent of new AI technology [70], the fact remains that prompts 



CHI ’25, April 26–May 01, 2025, Yokohama, Japan Anonymous 

could be customized better. Further, existing reflective designs do 
not typically account for the fact that learners change throughout 
their experience, despite the literature discussing this point [94]. 
One aspect that changes frequently throughout any experience 
is emotions. Almost all GMs discussed observing behavioral and 
emotional cues to determine when it was a good time to provide aid. 
These best practices of GMs have several implications for the design 
of reflective activities in XRLEs. Similar information can be utilized 
to understand when and how to intervene with reflection prompting 
as a GM’s nudging practices in escape rooms. Asking learners to 
reflect when they feel overwhelmed or frustrated will help them 
manage their experience and maintain intrinsic motivation for 
learning within an XRLE. 

Similar to escape room players, learners in an XRLE may exhibit 
complex, and potentially negative, emotions. Frustration, for exam-
ple, may occur if they are unable to properly complete a learning 
task due to misunderstanding information [59]. Prior work showed 
how frustration is a good opportunity for reflection [69] and how 
reflection is an effective practice for overcoming frustration that 
would otherwise interfere with learning. However, prior work fo-
cused on reflecting on frustration afterward and has not considered 
how frustration could indicate opportunities for in-action reflec-
tion, i.e., reflection at the moment, rather than after the fact [88]. 
In other words, based on the insights from the GMs, instructors 
overseeing XRLEs should consider prompting in-action reflection 
when frustration is detected . This would complement the ways 
reflective prompting adapts to a learner’s progression, adding a 
focus on the affective dimensions of learning to the personaliza-
tion of reflection prompting. The reflection prompts and frequency 
should also be tailored to the target learner population. How and 
how often an instructor or AI agent may interject should depend on 
the age and education level of the learners, as their characteristics 
will determine how much support they may need, what vocabulary 
is appropriate, and even what format the reflection should take 
depending on their reading and writing abilities. 

With advancements in AI [70] and immersive technologies to 
sense affective states like frustration through biometric data, it 
is additionally possible XRLEs could include automated reflective 
prompting based on learners’ emotions. In fact, because XRLEs per-
mit learners to express and experience a wider range of emotional 
states, such an approach would be especially beneficial to XRLEs 
relative to other digital learning environments [52]. For example, 
emotional gestures such as those described by our participants 
would be observable in an XRLE. This does, of course, raise con-
cerns regarding the safe and ethical use of such data, which would 
likely need to be discarded after each individual session, raising 
further questions about efficient data pipelines. 

Another important experiential dimension for escape rooms is 
how the GMs’ support is embedded within the room’s theme or 
narrative. In other words, it was diegetic to the world to ensure 
immersion is not broken when players interact with the GM’s 
prompts and hints. While it may sound obvious that an immersive 
environment should have similarly immersive reflection opportu-
nities, surprisingly, many XRLEs do not present their reflective 
prompts in a diegetic (originating from within the story world) 
manner. Instead, reflection is prompted between tasks [76] or after 

students complete the environment entirely [66] and are charac-
terized as completely separated from the XRLE, its setting, and its 
story. These reflective activities that take the learner outside of the 
XRLE have been shown to increase learning from these environ-
ments; however, integrating practices that enhance the learner’s 
experience is likely to amplify the impact of reflection on learning. 
This is a very informative design implication for XRLEs. Essentially, 
the reflection prompts should lie within the XR world, potentially 
interacting with a character in the story who asks the learner to 
reflect or integrate the reflections within the tasks they are com-
pleting in the XR world. This will help learners maintain their 
immersion in the world while engaging in reflection, which can be 
orchestrated by an instructor in a manner in which an escape room 
GM would provide hints or via an automated system within the 
XRLE. By prioritizing the act of reflection as part of the experience 
and presenting it in a way that adapts to the affective state of the 
learner, we may enhance the experience of the learner, intrinsically 
motivating them to engage in reflection and learning activities. 

5.3 Delivery 
Finally, the category of “delivery” encompassed four themes related 
to how aid was delivered or how players were meant to perceive or 
understand the aid they received. These themes emphasize the need 
to structure what hints and nudges are given incrementally so that 
they support players to come up with answers on their own and 
give the player agency in how and whether they are nudged. These 
themes have several implications for XRLEs as well. The way GMs 
described wanting their hints and nudges to support the player in 
uncovering answers to the escape room themselves aligns with the 
approach to prompt reflection rather than give hints or answers. 
Reflective activities encourage learners to think deeply and perhaps 
take a different perspective on the information at hand in order to 
help them solve problems themselves, rather than relying on tools 
that provide the answers for them. 

What we see emerging from the themes in this category is a 
scaffolding [7] process in which GMs begin with vague aid geared 
towards reflection and self-discovery, but then iterate based on the 
players’ reactions. While scaffolding learning is not a new concept, 
it does not often see use in the design of reflecting prompting, which 
typically does not adjust its phrasing based on how learners respond. 
This means that, in some cases, reflections may be insufficient 
for learning outcomes [45]. Our results suggest that scaffolded 
reflection could benefit XRLEs, and likely digital learning as a whole. 
Based on these themes, reflective prompting in XRLEs should start 
with broad and perhaps vague reflective questions, followed by 
more specific and directed probes for the learners who need to be 
directed to specific information. These prompts should help build a 
sense of competency among learners as they support the feeling that 
they came up with the solutions themselves rather than being told 
the answer or having their errors emphasized. This would, in turn, 
enhance both immersive learning and self-discovery [3, 40]. Along 
with giving the learner agency over how they are supported, this 
sense of competence will foster intrinsically motivated learning and 
ensure learners are not simply focused on gaining extrinsic awards 
like points [51]. In addition to human instructors scaffolding their 
support, intelligent technology could be built to evaluate the quality 
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of reflection responses and, instead of just moving on, prompt the 
student differently to try and elicit a more appropriate or beneficial 
response, similar to how the GMs start with one form of aid and 
then repeat and iterate until they see an appropriate reaction. 

Notably, the GMs also discussed situations in which they would 
simply give players the answer to keep them from failing. This 
raises questions about whether reflective systems in XRLEs should 
consider intervening to prevent failure. Similar to earlier work that 
explored failure in games [36], prior work in learning and education 
discussed failure as an opportunity for effective reflection [18] and, 
as a result, failure is not typically viewed as detrimental to learning; 
in fact, it is often viewed as necessary and referred to as “productive 
failure” [37, 106]. However, considerations need to be made, such as, 
for example, whether or not the students can ultimately reach the 
solution [59, 84]. This consideration echoes the GMs’ sentiment that 
it is better to give the answer than sentence participants to failure. 
This may be especially important in immersive environments like 
escape rooms and XRLEs, as failure may disrupt immersion. 

Our results also highlight the need to give agency to players to 
decide whether and when they want to be prompted and provide a 
sensation that they determined the solution on their own, almost 
as if they forget about the aid entirely. XRLE designers should 
consider ways learners can make decisions about when they want 
to pause and reflect, or whether they want the system to determine 
the prompting, an approach to agency that has not been extensively 
explored in the XRLE context [39, 104]. This would also align with 
how GMs foster players’ sense of competence during problem-
solving tasks by making hints into prompts that allow the player to 
arrive at the answer on their own rather than solving it for them. 
Together, agency and a sense of competence are powerful ways 
of increasing intrinsic motivation to learn [86]. In XRLEs learners 
should be given choices about when and whether to engage in the 
reflective activities compared to when they want to persist to find 
the solution on their own. This will be a delicate balance for XRLE 
designers as learners need to engage in some level of reflection to 
help them consolidate their learning and develop metacognitive 
strategies for future learning, and too much agency may allow 
them to opt out of reflection. Yet, as the GMs describe, they could 
be allowed to set their preferences for how often they would like 
intervention to have some level of agency in the process. 

These themes around delivery highlight the need to rethink 
reflection in XRLEs, which currently feature prompts posed to 
learners in or after tasks with no feedback or interaction given on 
the reflection itself [76, 79, 80]. Taking a scaffolded and iterative 
approach requires a degree of back-and-forth between an instructor 
or an automated system to provide increasingly targeted prompts 
that help the learner arrive at solutions themselves. Future research 
should assess the impact of such a reflective method on learning 
outcomes, but also on the impact it has on learners’ sense of com-
petence. Further, research should assess the impact of providing 
choice on how or how often to reflect while still ensuring learners 
engage in adequate reflection. This agency over the delivery of re-
flection and the potential feelings of competence that result should 
be studied for their impact on the learner’s intrinsic motivation. 

5.4 Limitations 
Here, we briefly acknowledge the limitations of this work. Primarily, 
we acknowledge that we interviewed 13 GMs for this study. While 
we did see saturation in the data, and this number is consistent 
with common HCI standards [27, 44], a larger sample size may 
yield additional insights. To better understand GMs’ best practices 
more broadly, we aim, in the future, to expand this work with a 
survey study that can reach a wider audience and build a stronger 
foundation of knowledge. Through such work, we can also over-
come the limitation born from our decision to only recruit from 
the United States. Problem solving practices may differ in different 
cultures, not only GM practices, and accordingly, our results may 
not generalize beyond North American contexts. 

Going beyond the sample, future work can also better distinguish 
the types of escape rooms (e.g., live actor vs. not, mixed reality, 
puzzle-focused vs. physical-focused) to see how the style of delivery 
impacts GM practices. Additionally, GM training likely impacts their 
practices, with large, chain escape rooms generating consistent 
training materials for GMs, but independent or local escape rooms 
potentially allowing GMs more freedom of style or expression; thus, 
future work should further examine GM training and GM protocols. 

Regarding the research scope, there are two important limita-
tions. First, we focused on learning from GMs only and did not 
consider escape room players. As such, our work focuses on the 
“art of aid delivery” (or best practices) rather than inquiring directly 
with players about how they experience receiving aid. Second, 
we focused on inferring best practices on how GMs provide hints 
and nudges and did not validate their suggestions, specifically on 
how they stimulate reflection and, consequently, impact learning. 
Leveraging our exploratory work as a foundation, future work can 
examine the experiences of players (in escape rooms) and learners 
(in XRLEs), as well as conduct experiments to validate our ideas 
and their potential impacts on learning. 

We additionally acknowledge the limitations of an interview 
methodology: what GMs state they are doing might differ from what 
they do. We suggest that future work consider observational work 
to address this. Importantly, such observational work can enable 
to identify the spatial-immersive properties better that correspond 
with the need for and success of reflection. Finally, some of our 
findings may generalize to XRLEs better than others due to the 
differences in design and intent between escape rooms and XRLEs. 
On the other hand, some findings may generalize to other domains 
beyond XRLEs, but that exploration is beyond the scope of this 
work. 

6 Conclusion 
Extended reality learning environments (XRLEs) have the potential 
to immerse students in experiences they would otherwise not be 
able to access. Prior work, however, found that, without reflection, 
these environments do not result in effective learning gains. Further, 
reflection is difficult to implement in XRLEs due to the immersive 
nature of the experiences. In this work, we argued that we may 
be able to glean insights into better implementation of reflection 
in XRLEs from the best practices of escape room game masters 
(GMs). From an interview study with 13 GMs, we identify 10 themes 
that capture their techniques for timing and structuring aid that 
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fall within three foci: progression, experience, and delivery, which 
inform their techniques. We discuss each of these foci and identify 
new ways to envision learning and reflection in XRLEs, thereby 
highlighting innovative design opportunities. 
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