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Abstract: By immersing learners in a playful, interactive, and engaging experience, Educational
Escape Rooms (EERs) have been found to enhance learners” motivation, help them to develop 21st
century skills, and improve knowledge acquisition. As research into EERs is still in a preliminary
phase, no unified framework about how to design them has been established yet. Additionally,
existing frameworks rarely validate the quality and efficacy of the frameworks themselves in terms
of usability and usefulness. Therefore, the present paper proposes Room2Educ8, a learner-centred
framework for EER design that follows Design Thinking principles. It provides detailed heuristics for
empathising with learners, defining learning objectives and constraints, adding narrative, designing
puzzles, briefing and debriefing participants, prototyping and playtesting, documenting the whole
process, and evaluating the EER experience. A mixed-methods internal validation study based
on Instructional Design model validation was conducted with 104 postgraduate students between
2018-2022 to assess the framework’s integrity and use. The study findings suggest that Room2Educ8
can be proposed as a valid tool for developing a wide range of EER types that cover a variety of
topics. Its well-described and practical steps make it appropriate for educators regardless of a lack of
prior experience in EER design.

Keywords: escape room; game-based learning; gamification; design thinking; educative innovation;
framework; technology-enhanced learning

1. Introduction

Escape rooms (ERs) are emerging as a new type of learner-centred activity designed to
enhance students’ learning and 21st century skills in primary, secondary, higher education,
and professional development programs [1-3]. An educational escape room (EER) can
be defined as an instructional method requiring learners to participate in collaborative
playful activities explicitly designed for domain knowledge acquisition, skill development,
or behavioural change so that they can accomplish a specific goal (e.g., participants must
escape from a physical or virtual room, solve a mystery, find a hidden item, prevent a
disaster, break into a vault, etc.) by solving puzzles linked to unambiguous learning
objectives in a limited amount of time [4].

Escape room puzzles can be categorised as: (1) cognitive, which make use of the
players’ thinking skills and logic; (2) physical, which require body movements or the
manipulation of artefacts to overcome a challenge; and (3) meta-puzzles, i.e., puzzles
that combine results from previous puzzles and are often connected to the narrative in
key points of the gameplay [5]. Common puzzles involve unlocking locks with keys and
combinations, assembling physical pieces together, unveiling hidden text that reacts to
light or heat, interpreting complex ciphers hidden in the text, matching directional locks
with directional clues from maps, counting items, placing transparent sheets on top of each
other and rotating them until they line up to form letters, navigating mazes, searching for
physical objects, or identifying patterns [6].
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There are various game types that can be used to enable an EER to fit into different
classroom settings, including the following [7]:

1.  Pop-up escape room, which is a temporary ER that uses the same game format as a
traditional ER but is only deployed for a short time;

2. Puzzle box, where the players are working to open a series of locked boxes, usually
played on a tabletop, instead of getting out of a room;

3. Puzzle hunt, which is a paper-based series of puzzles, also usually played on a
tabletop, and suitable for large groups;

4.  Digital escape room, which is a virtual room where the players use technology (e.g.,
phones, tablets, computers, websites, apps, VR/AR, OR codes, etc.) to open a series
of digital locks usually made from online forms or password-protected documents.
This is a cost-effective and easy-to-setup solution that became very popular during
the COVID-19 pandemic. It can be conducted individually or in groups, and it is the
preferred EER type when large numbers of students must play at the same time;

5. Hybrid game, which combines elements of other game types to provide players with
a game experience that matches their engagement with it [8];

6.  Serial story, which is a series of self-contained, mini-ERs connected by a larger narra-
tive or unifying theme (such as TV episodes) that take place on a regular basis over a
longer period of time.

EERs have been used to introduce, foster, demonstrate, assess, or integrate students’
content knowledge and skills [5] into a wide variety of academic disciplines, such as
healthcare [9-11], STEM subjects [12,13], computer science [14-16], chemical engineer-
ing [17], pharmacy [18], physics [19], mathematics [20], chemistry [21], radiology [22,23],
biology [24], sex education [25], teacher education [26], music [27], cultural mediation [28],
etc. Additionally, in creative courses students have been asked to become “makers” [29]
and develop EERs as a means to demonstrate and improve their creative, artistic, design,
and problem-solving skills [30,31]. EERs can leverage the benefits of “competition, chal-
lenge, imagination, exploration of the environment, goals to be achieved, interactions (with
people and objects) and security” [32]. By immersing learners in a playful, interactive, and
engaging experience, EERs enable them to recall, apply, and advance their knowledge [33].
Puzzles within an EER are problem-based and require communication and team-working
skills, which are considered intrinsic parts of the way in which adults learn [34], while
a robust storyline helps to set the stage, and post-game reflection helps to solidify the
learning goals. Various systematic and meta-analysis reviews indicate that, due to their
playful nature which favours positive behaviour [35], EERs can enhance learners’ moti-
vation, engagement, and time management, increase confidence in critical thinking and
decision-making, encourage lateral thinking, improve knowledge acquisition and academic
performance, and help in developing logical, spatial, creative, linguistic, interpersonal,
and collaborative competencies among players [4,5,33,36]. They can also be designed with
elements that simultaneously serve visual, auditory, and kinaesthetic learners, thus cover-
ing all learning styles. Additionally, EERs can encourage social interaction, which is very
important in the new era of increased hybrid delivery brought upon by COVID-19 [37].

Despite appearing to be a superficial form of entertainment, escape rooms can be
grounded in sound educational theory and, when used effectively, act as a low-cost, high-
impact resource for a variety of learners. EERs emphasise collaborative learning with
activities that require teamwork and communication, force interdependence among mul-
tiple individuals who share a clear goal, and provide a built-in opportunity for rapid
and unambiguous feedback [1]. From a pedagogical point of view, EERs are based on
a social-constructivist approach [38]. Learners construct their own knowledge based on
real-time experiences of advancing through several levels of progressive challenges in the
escape room; they are called to face new and often complex problems, which can be solved
by interacting with their peers and getting support from their tutor. The latter not only
provides instructional scaffolding to the learners by facilitating their interaction with the
material and with each other [4,13], but also closes the learning loop in a structured debrief,
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in accordance with simulation best practices [10]. Generation Z students who are consid-
ered multimodal learners [39], autodidactic, and are actively seeking activities that make
them feel involved [40] will benefit significantly from having several different mediums or
channels of information. This experiential and collaborative activity coincides with many
of the features associated with a socio-cultural approach to learning [35] and motivates
players to practise with hands-on examples as an effective way to increase skill retention.

EERs can also be used within the revised framework of Bloom’s Taxonomy to include
all six categories of cognitive processes by which thinkers encounter and work with knowl-
edge, comprising “remember”, “understand”, “apply”, “analyse”, “evaluate”, and “create”
(Figure 1). Involving learners in higher levels of cognitive activities can positively impact
the levels of engagement and knowledge retention among them [33].

Solve puzzles by applying past CREATE
knowledge to new situations

Decide which room elements to use,
reflect on own performance, and
discuss the escape room’s educa- EVAI'UATE

tional impact in the debriefing

Break down gained knowledge
and determine how it relates to
puzzles

Apply knowledge, use clues, and interact
with objects to solve puzzles and progress
in the game

Understand the goal of each puzzle and UNDERSTAND

determine how objects and clues found
in the game can be used to solve it

Recall prior knowledge about a
specific topic that can be used to
solve puzzles in the game

Higher engagement and knowledge retention

Figure 1. Analysis of EERs within the revised Bloom’s Taxonomy framework (Adapted from [33]).

EERs frequently expose participants to real-life scenarios with puzzles that fit into the
story and involve interacting with a lot of objects in realistic ways, thus bringing greater
authenticity to the activity and making it more immersive [32]. Because storytelling is
often an entertaining, visual, experiential, and emotionally evoking activity, learners are
much more likely to retain the course content taught in story format settings [41-43]. The
fact that stories evoke emotions adds to their learning effectiveness; learning experiences
associated with emotions are more easily stored [44] and appear to be remembered vividly
and accurately, with greater resilience over time [45].Therefore, interactive storytelling
is slowly becoming a key factor in EERs. As stated in [46], “a story does what facts and
statistics never can: it inspires and motivates”.

In an EER that recreates real-life circumstances, participants will also be able to reflect
on their own life. Students can experience a situation in which they need to respond to
high-stake situations, trust their own and their colleagues’ competence, work together as a
team, settle differences in opinions, and handle both time constraints and the consequences
of not working fast enough [47]. Role playing provided by EERs enables great awareness
and ensures a good assimilation of messages. This approach aligns with the paradigm of
narrative-centred learning environments [48], which are defined as “a class of game-based
learning environments that contextualise educational content and problem solving with
interactive story scenarios”.
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When the EER activity takes place in the environment in which it would normally be
applied, e.g., when a medical-themed EER is set up in an actual hospital, it aligns with the
situated learning theory [49], which states that situated or scenario-based learning should
take place in the context and environment in which it is going to be used. When used as a
method of simulation-based education (SBE), EERs can be mapped effectively to Kolb’s
experiential learning cycle, which suggests that despite individuals’ preferred learning
methods, experiential interaction with materials produces positive learning outcomes [50].
EERs permit active experimentation in a safe environment, prior to undertaking concrete
experiences “in the wild” [51]. Debrief and reflection are essential to learning in Kolb’s
cycle, and the real value of the EER could be argued to be purely these elements, similarly
to other types of SBE [1].

The thrill and excitement of playing an escape game are the results of endorphins
being released. Endorphins are the body’s natural painkiller. They can also lower stress and
anxiety levels, and even create a sense of euphoria. Combined with other neurotransmitters,
this helps create an ideal environment for focused learning [52]. Furthermore, in the
same way that games help stimulate the production of dopamine, a chemical that is
considered to play a key role in motivation, affect, prosocial behaviour, and learning [52,53],
EERs that access the same methodologies could result in learning—reward cycles [54] by
reinforcing neuronal connections and communications during a learning activity [55].
Finally, unlike the one-size-fits-all lecture, EERs can also be balanced to be appropriate
to the learners’ skill level [56] to prevent them from becoming frustrated or bored, thus
allowing them to experience “flow” or optimal experience, i.e., a highly focused mental
state leading to immersion and high performance that is likely to emerge when learning
activities are challenging but feasible, have precise goals, and provide clear feedback about
performance [57,58].

Researchers have begun to build upon the notion of teachers as designers of learning
experiences for students [59]. EERs have the potential to enable new forms of teaching,
as evidenced by the rapid increase in publications related to the use of escape rooms for
educational purposes, but their design and development for specific learning contexts is a
time-consuming task [4], especially for educators without any prior experience in game
design. As research in EERs is still in a preliminary phase, no unified framework about how
to design them has been established yet. There is a need for frameworks, methodologies,
or guidelines especially aimed at EERs [5,25,32,47,60] that could help educators not only in
creating these new learning environments, but also in developing design dispositions [61]
that will help them adapt to the complexity of teaching in the 21st century [59,62].

EscapED was the first theoretical framework to provide a methodology for creating
EERs and interactive game solutions for learning and behaviour change within higher
education settings [63]. It consists of six sequential steps (Participants, Objectives, Theme,
Puzzles, Equipment, and Evaluation), with each one of them being broken down into other
areas for developers to consider at the start of designing their EER. Although the escapED
framework has informed the development of various EERs, either in its original form,
e.g., [14,15,21,64], or in a modified version, e.g., [26,65], its quality and efficacy in terms of
usability and usefulness for developers who wish to use it has not been validated yet.

Another methodology for designing Serious Escape Games for teaching is SEGAM [32].
SEGAM describes how to approach various aspects related to EERs such as constraints,
pedagogy, parameterisation, tests, and background. It divides an EER into several levels,
with each level representing a stage of the game and having at least one associated riddle
that corresponds to one or more educational objectives (diagnostic, formative, summative,
or discovery of a notion). However, this methodology was not evaluated and was used to
develop only a single EER which was played by 20 students.
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Eukel and Morrell presented a cyclic design process to create, pilot, and evaluate EERs
that includes five steps: Design, Pilot, Evaluate, Redesign, and Re-evaluate [66]. While this
approach offers some generic advice on EER development, it appears to be a simplified
and iterative adaptation of the waterfall project management methodology. The provided
information for each step lacks depth and there is no evaluation of the proposed method.

Nicholson and Cable [7] proposed a framework that enables the setting of specific
learning objectives and individual learning outcomes for students in an escape game by
mapping them against seven dimensions (Setting, Social, Story, Skills, Strategy, Simulation,
Self) in order to build a cohesive interactive story that provides learning opportunities.
Although the authors give instructions on how to build an EER using this framework, they
do not provide any information about the framework’s own evaluation.

The COMET framework was developed as a step-by-step approach to designing
escape room exercises that would meet specific medical knowledge, skills, attitudes, and
safety objectives while considering the unique dynamics of an interprofessional team [67]. It
comprises five components (Context, Objectives, Materials, Execution, and Team Dynamics)
and was piloted in a one-hour workshop aimed at enabling small groups to collaboratively
design an interprofessional escape room. Although the COMET framework received
generally positive feedback from the participants, its evaluation was very limited due to
the small sample size (N = 16) and therefore its generalisation will require further reliability
and validity testing.

Despite their different approaches, the aforementioned frameworks share one thing
in common: they rarely validate the quality and efficacy of the frameworks themselves
in terms of usability and usefulness, opting instead to assess the impact on learning of
a single prototype escape game that was developed using the particular framework. To
address this issue, this paper proposes Room2Educ8, a user-centred, conceptual framework
for EER design following design thinking principles that can be adapted to any subject
and escape room type. A mixed-methods internal validation study based on Instructional
Design model validation was conducted to assess Room2Educ8’s integrity and use.

2. Room2Educ8 Framework

Room2Educ8 is a conceptual framework that can be easily tailored to fit any subject, set
of learning outcomes, and class size by adjusting the escape room type, the puzzles, and/or
the narrative. It was specifically designed to offer educators guidance in creating robust
EER experiences and has been developed iteratively with pilot testing and refinements of
individual elements since 2018. Room2Educ8 is based on design thinking, a process that
has already been used as an instructional design method for the development of course
content or teaching material [68], in curricular development [69], and as a teaching strategy
to achieve subject-specific learning goals [70].

Room2Educ8 aims to allow practitioners to develop their creative confidence, which
is required for game-based learning to be fully realised [71], by engaging in hands-on
projects that focus on building empathy, promoting a bias toward action, encouraging
ideation, and fostering active problem-solving [72]. Its iterative process can be described
as a cycle of (1) empathising and observing, (2) defining the problem, (3) contextualising,
(4) designing puzzles, (5) briefing and (6) debriefing the participants, (7) prototyping and
playtesting, (8) documenting the design process, and (9) evaluating the EER experience
(Figure 2). Designers can carry these stages out in parallel, repeat them, reflect, and circle
back to a previous stage at any point in the process [73]. These stages were influenced
by a typical design thinking process of (1) empathising and observing, (2) defining the
problem, (3) creating ideas, (4) prototyping, and (5) testing [74]. Although no prior game
design experience is required to use the framework, Room2Educ8 users may benefit from
participating in a regular escape room before they start designing their own.



Educ. Sci. 2022,12, 768

6 of 28

Q)
Observation Demographics
Interview Background
Survey Skill level
. Focus group Needs @
Pre/post test Moti\mi:lon Problem statement
Frustrations
Godls Goals
Game design document Learning objectives
Facilitator guide Constraints
Setup/reset guide Required knowledge
Group size
Game type

Playtime length
Curriculum position

o ROOM2 7

Lo-fi prototype Thefne

Hi-fi prototype SeHm'g
Playtesting cr:::r:;\er:s

@ %}_ Environment

Outro Puzzle design
Reflection Game flow

Revision material Game assets
Room layout

Gi hot
rolp phata g Hint system
) Scoring system
Introduction
Rules

Figure 2. Room2Educ8 framework.

2.1. Empathise

The first step of Room2Educ8 calls for EER designers to gain an understanding of both
the people they are designing the EER for and the problem they are trying to solve. Em-
pathising, i.e., intellectually recognising or vicariously experiencing the feelings, thoughts,
or attitudes of others [72], is essential, because EER designers create learning experiences
for people with given wants and with characteristics different from their own, while often
working in design teams composed of people with different skill sets and interests which
can affect their prioritisations of interests [75]. Understanding the participants corresponds
to the regular “learner analysis” included in most Instructional Design models [76].

EER designers can utilise techniques such as focus groups, interviews, observations,
and surveys [77], as well as data from academic records to collect information about their
learners. The collected data can then be analysed to identify trends and segments within
the overall learning audience. Significant groups of the latter can then be segmented to
build learner personas, i.e., fictional characters who represent certain traits and qualities of
the target audience for whom the learning experience is designed for [78]. These should
be kept in mind throughout the design and development of the EER as they can help
designers to identify and understand the learning objectives, challenges and preferences of
their learners and tailor the escape room experience with them in mind. A learner persona
usually includes a fictionalised name, photo, demographic information, short biography,
leadership and character traits, academic needs, primary goals, motivations, frustrations,
learning preferences, digital fluency, and relevant quotes from interviews (Figure 3).
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NAME

Maria Roussou

Quote

| have recently joined the company and have done many of my onboarding processes. Cyber
security training is the only thing still sitting in my junk folder.

Background

Maria has recently graduated with a BScin Business Administration and has been offered an
administrative assistant position at Company X. English is her second language, and she
regularly asks her supervisor for feedback. She has an analytical mindset, but also has great
communication skills and works very well with other team members at all levels. Maria is
ambitious and expected to progress further within the company quickly.

Maria loves her iPhone and is good at using her Mac, but she is not familiar with PCs, which
her company uses. She is not an avid gamer, but plays casual videogames on her mobile
phone when commuting to work.

She is notreally interested in new technologies and learns best in face-to-face training where
she can ask questions on the spot. She is not aware of the latest cyber security threats and
current vulnerabilities. She has fallen victim to phishing emails in the past, yet she still uses
the same password on most of her devices.

Demographic

O Female 2% veals Motivations

@ Greece * Grow her career in business administration
« Learn newand helpful things.
« Feedback and graded assignments.

Single

Administrative assistant

Frustrations

« Findsonline compliance training boring and meaningless.

« Hates having to change her password every three months.

« There are a lot of company's procedures on cybersecurity she needs to learn.
« Forgetstoback up filesregularly.

Skills

Tech-sawy

Goals

« Do herbest at her new job and progress further within the company quickly.
« Work securelyin and out of the office environment
« Get to know co-workers better, break the ice, built rapport and trust

Learning preferences

« Prefers coll aborative Instructor Led Training sessions with team members.

Figure 3. Sample learner persona for EER about cybersecurity awareness training.

2.2. Define

The second step of Room2Educ8 synthesises the findings from the empathise stage
and carries them into a series of brainstorming sessions to define the following set of
constructs that should be closely considered when designing an EER: problem statement;
goals; learning objectives; constraints; required knowledge; group size; game type; playtime
length; and game position within the curriculum.

A problem statement identifies the gap between the current state (i.e., the problem)
and the desired state (i.e., the goal) of a process or product. One way to approach defining
a specific problem is to frame it from the learners’ perspective and identify the “whos”,
“whats”, and “whys” that exist in the space around the issue, such as asking who is ex-
periencing the problem, what the problem is, and why it matters. An example problem
statement is the following: “Employees at a university (who is affected?) need an engaging,
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memorable, and easy-to-understand Security Awareness Training based on real-life scenar-
ios (need) because they are bored and distracted by their organisation’s tedious e-learning
training (what is the problem?), thus becoming a big security risk (why does it matter?)”.
Defining the problem should be followed by setting up S.M.A.R.T. (Specific, Mea-
surable, Achievable, Relevant, and Time-bound) goals [79], starting with outlining the
overall purpose of the EER. Most educators implement EERs to explore an active learning
environment, preview, review, or practise material, increase students’ motivation and/or
engagement, foster learning, and/or develop teamwork and communication skills [5].
Once goals are established, designers should break down what they want to accomplish
into smaller, more specific objectives that will help them reach the goal of the room. By
answering questions such as those in Table 1, designers should get a sense of direction and
know whether the EER could be developed by a single person or would require a team.

Table 1. Questions to help define SMART goals for EERs.

Goal Type

Question

Specific

What is the overall purpose of the EER?

What are the learning objectives this EER is going to support?

What type of EER will be developed (e.g., physical, digital, hybrid, etc.)?

If the EER is physical, where will it be located (e.g., outdoors, in a classroom, lab, library, office, etc.)?
What knowledge is required to succeed in the game? Is it explicit, assumed, retrievable, or a mix?
How many participants need to play at the same time?

Will the game be played by small groups, or does it need to be scaled up?

Where will the EER be positioned in the course curriculum (e.g., as a stand-alone activity, at the introduction of a
course, during a course in addition to a lecture, as an assessment, or as a serial story)?

How will the game be monitored?

Will you develop alone, or will you co-create with the target audience?

Will the story be stand-alone like a full movie or framed as an episode with a continuous narrative arc?
Will the EER be used as a formative or summative assessment tool?

Measurable

How can you quantify or qualify that the learning objectives have been met?
How much staff time do you have available to run the activity?
How will the designer know when the game is successful?

Attainable

Does the goal require the right amount of effort?

Is there a sufficient budget to develop the EER?

Are the necessary resources available (e.g., space, props, equipment)?

Do learners have the necessary skills to play the game?

Are there any language barriers that may prevent non-native speakers from playing the game?

Are there any tasks that may prevent participants with differing levels of mobility or with sensory impairments
from playing the game?

How many learning outcomes are sufficient without overloading participants?

Relevant

Why is achieving each learning objective significant?

Time-focused

What will be the duration of the game?

How much time will be available for self-reflection after the game?
How many sessions will be necessary to involve all participants?
What is the deadline or time restraint to develop the EER?

Unlike recreational escape rooms, EERs must align with specific and purposeful
learning objectives to be effective [80]. These are details of what the participants should have
learnt by the time they have finished the EER. Learning objectives should be written in such
a way that educators can readily assess if they have been completed. They may describe
specific content knowledge and content-related skills (e.g., clinical skills), general skills (e.g.,
practising or developing teamwork and communication skills, situated problem-solving,
critical thinking, reasoning skills, empathising, delegation), affective goals (e.g., performing
under pressure, increasing situational awareness), or a combination of them [5]. It is good
practice to include learning objectives that everyone should be able to achieve, some trickier
ones that most will, and some stretch goals that very few will achieve [81]. Determining
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the topics that will be covered in the game and creating tangible objectives allows for the
development of an evaluation strategy to assess the players’ learning experience [63].

Identifying the constraints that may affect the game’s development is also crucial
so that designers can focus on suitable ideas and ensure the EER’s feasibility. Typical
constraints in educational environments that can heavily influence how the EER activity
will be developed include time (e.g., the available time to develop the game; the available
time for the whole activity to take place, including time to set up, brief, debrief, reset, and
facilitate the game), location (e.g., the room should be located as close to the participants as
possible), space (e.g., the room may be small or there may be multiple rooms available),
game scale, budget, class size, resources, language (e.g., will non-native speakers be
able to solve cryptic crossword puzzles?), neurodivergent learners, and curriculum (e.g.,
do the EER’s learning outcomes align with the curriculum?). Tutors are vital for the
EER experience, as they usually play the role of the game master whose duties include
introducing participants to the game’s rules and story, monitoring the team’s progression,
providing hints during gameplay, and facilitating the debriefing session after the game.
Therefore, staff availability should also be considered.

It is accepted practice that any knowledge needed to solve a puzzle in a commercial
escape room will be provided within the room itself (e.g., the periodic table, music scales,
Morse code, etc.) [82]. However, escape room activities have been proven effective for
assessing students” knowledge, applying previously taught information to gain a deeper
understanding [10], or practising information retrieval skills. Therefore, designers should
decide what knowledge is required to succeed in the game. This can be explicit (i.e.,
students are given all of the relevant information needed within the game world—no prior
subject-specific knowledge is required), assumed (i.e., students are being tested or assessed
on what they already know), retrievable (i.e., students use information retrieval skills to
find what they need in the real world), or a mix [7].

A key element to having a positive EER experience is doing it with the right group size
so as to keep the players in a state of flow [58] with enough puzzles to engage everyone in
the group. The size of the group can alter how quickly players move through the game’s
puzzle path. The average group size for commercial escape rooms is 4.58 people [83].
With more participants, the game should become easier up until a turning point where
people who are not engaged in the game are standing around and becoming bored and
distracted [82]. However, in an educational setting class sizes are usually too large, class-
rooms are too small and underfunded, and timetables are too inflexible to allow for small
teams to play an escape room without disruption [7]. Conducting escape room activities
with large cohorts means that several sessions must take place, which can be a tedious and
challenging task [4]. As a result, team size compromises often have to be made, which can
affect student participation [3]. Choosing digital, portable, or quick and easy-to-set-up and
easy-to-take-down escape room types that are more feasible for a classroom is one way to
address these issues [84]. EER designers can refer to Table 2 to decide which escape room
type is a better fit to their class sizes, learning outcomes, and time constraints.

The next thing for EER designers to decide is the game’s playtime length, i.e., the time
players spend on the puzzles, not including the briefing before the gameplay and the
debriefing afterwards. A time limitation is commonly present in EERs to introduce an
element of stress, excitement, and competition. In medical studies, the time constraint is
considered not only as a game design aspect, but also an educational aspect, as collaborating
under time pressure is a life-saving skill in medical professions. In other disciplines, the
restricted time is a way to create social interdependence; everyone must solve all the
puzzles in time, so learners are required to spend their time effectively and decide what
to focus on. The teamworking and prioritisation practice can be seen as directly linked to
developing leadership and management skills [81].
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Table 2. Advantages and disadvantages of EER types (Adapted from [7]).

EER Type

Description

Advantages

Disadvantages

Pop-up escape room

A temporary EER using the

same format as a traditional
EER but only deployed for a
short time.

Close to an immersive
commercial ER experience.
Good when simulating
elements of the environment
for learning outcomes.

Easy integration of a

human actor.

The small team size makes
this unfeasible for the only
in-class activity for a

larger class.

High resource cost in
equipment and human
engagement as host or actor.

Puzzle box

The players are working to
open a series of locked boxes,
usually played on a tabletop
rather than based on getting
out of a room.

Can be used with small
groups or adapted for a
classroom with

multiple copies.

Less expensive than a

full room.

Portable and can work well in
a classroom environment.
May be designed to be run
completely on its own without
the need for a facilitator.

May require many copies of
the same materials for all
groups.

Reduced physical immersion
and emotional engagement.
Overwhelming to facilitate
without a self-help hint and
answer system.

Puzzle hunt

A paper-based series of
puzzles, also usually played
on a tabletop, and suitable for
large groups.

Handles a large group of
players well.

Cheap if most puzzles are pen
and paper.

Can accommodate many
groups of players.

Several free online tools that
facilitate this type of game

are available.

Some types of physical
puzzles are not feasible.

Less immersive than games
that use physical components.
Overwhelming to facilitate
without a hint and

answer system.

Digital escape room

A virtual room where the
players use technology
(phones, tablets, or computers)
to open a series of digital
locks made from online forms.

Easy to setup (e.g., using
Google Forms, Microsoft
PowerPoint, Genial.ly).
Cost-effective.

Can be accessed by as many
students as needed at the
same time.

Easy execution.

Effective when one of the
learning outcomes is to
conduct research using online
resources.

Usually less immersive than a
physical EER.

Potential loss of
player-to-player engagement.
Groups can be easily taken
over by a single person if there
is only one device per group.
Technology can fail.

Hybrid game

An EER that combines
elements of other game types
to provide players with a
game experience that matches
their engagement with it.

Easier to design, as the format
of the game can change
according to the needs of the
narrative and the learning
outcomes.

Can handle players better, as
bottlenecking issues can be
solved by using a different
style of puzzle at these points.

Requires designers to create
different types of puzzles.
Can be difficult to test without
a large group to identify
bottlenecks.

May be overwhelming to
players who are not
comfortable with learning
multiple types of puzzles in
one game.
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Table 2. Cont.

EER Type

Description

Advantages

Disadvantages

Serial story

An EER that combines
elements of other game types
to provide players with a
game experience that matches
their engagement with it.

Easier to fit into a classroom
schedule due to its shorter
game length.

Can be changed on a weekly
basis according to student
performance.

Less overwhelming to get
started with, as teachers can

Earlier content is forgotten if
debriefing occurs only at the
end of the game.

Will take more time overall, as
the setup and narrative will
need to be repeated each week
to get the players into the
game.

learn from design mistakes
and improve future games.

The playtime of an EER ranges between 15 and 120 min, with most games using the
60 min time limit typically found in commercial escape rooms. In educational settings, it
is important that as many students as possible reach all the goals in time, and frustration,
dropping out, or trial-and-error behaviour are avoided. Therefore, when considering
playtime length, designers should ensure that it allows for a sufficient number of puzzles
to be used, offers ample time for students to work as a team, and fits into a classroom time
slot [4]. Shorter games require less development time, but longer games can use more
meaningful challenges that require more time and effort to be solved.

Finally, designers should decide the EER activity’s position within the curriculum.
EERs with learning goals solely focused on introducing a subject, general skills, or affective
goals, are usually stand-alone activities (e.g., icebreakers, orientation activities to encourage
student engagement with library services, induction week activities, playful ways to intro-
duce people to STEM subjects, etc.). Conversely, EERs that are intended to foster content
knowledge and related skills are embedded in a course curriculum, usually positioned in
addition to lectures at the introduction of the course, at the end of the term to keep the
motivation going to the last minute, or to mark a special event in the calendar. EERs with
formative assessment goals are positioned mid-term or before the exams [5], while EERs
that follow an episodic format may run periodically (e.g., on a weekly basis) for a whole
semester. It is recommended to run only one or two EER activities with each class per year,
so that the novelty does not wear off.

2.3. Contextualise

The third step of Room2Educ8 is to place the EER in a particular context which gives
meaning to the activities the learners do, provides an authentic reason for escaping, and
links the puzzles together in a cohesive storyline so that participants can identify with
the game experience and build personal motivations to complete the game [63]. Context
includes theme, setting, characters, narrative which contextualises knowledge and skills
needed, and environment.

A theme is a necessary component for maintaining the fiction contract with the par-
ticipants as it ties the puzzles and decorations together and sets the EER’s tone, look, and
feel [9,85]. It is critical to select the theme early in the design process, as it will dictate the
rest of the decisions made about the game, such as the setting, characters, and the tone of
the puzzles. More importantly, it will enable designers to target specific competencies and
skills. For instance, as well as being fun, a highly imaginative theme can also encourage
creative thinking. Mystery themes (e.g., uncovering a murderer) are good for working
on problem-solving and decision-making skills. They often prioritise attention to detail
and tend to have a more focused and serious feel. EERs with a scientific or technical
setting (e.g., a science lab or a factory) can help teams to develop abilities such as strategic
planning and delegation. Finally, horror themes are effective in fostering team-working
skills under pressure. They encourage adaptability and quick thinking, while also testing
the participants’ resilience.
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The time period and place where the game will be set should be decided next (e.g., a
haunted house in Victorian England, a detective’s office in New York during the roaring
1920s, a Pharaoh’s tomb in Ancient Egypt, etc.), as this can determine what types of
elements will be most appropriate to develop the puzzles from. Challenges that use the
types of things that are typically found in that particular setting will feel more natural, thus
helping immerse the participants in the game world.

A story should be created to support meaningful play [86] and provide an immersive
narrative for the activity [1,11] that will be introduced and discovered by the participants in
bits and pieces. This will help to solidify the game objective in the minds of the participants
and add to the ambience of the game [87]. The story should encompass who the characters
are, what conflicts they are facing, and where this is all taking place. A logline that covers
the basic elements of a sample EER about raising cybersecurity awareness could be “the
participants are a team of private investigators (“who”) who use the opportunity of an
invitation at their client’s CEQO’s home (“where”) to steal evidence of his involvement in
the misappropriation of funds and bring him to justice (“what”)”.

Once EER designers have a story in mind, they should decide about the plot (i.e., how,
when, and why everything happens) by asking themselves: Why are the participants in the
room? How did they get there? What do they need to do to escape or succeed? What are
the consequences of failure? What are the rewards? Why do they need to hurry? Why are
there puzzles and clues in the room? Who put them there? How do they fit into the story?
Who is the game’s facilitator, why are they there, and why are they giving hints? Solving
these challenges will make for a very immersive escape room experience that seamlessly
integrates characters, story, and puzzles. Examples of basic plot frames that can be used for
EER stories include the following [85]:

e  Someone Kind (e.g., a rich relative with a will) or Evil (e.g., a psychopath) locked you
in a room with a test of wits. If you can escape, you will get Something Good (e.g.,
money) or will not be killed;

e  Someone Friendly (e.g., a mentor) needs your help to do Something Important (e.g.,
find the real murderer) to help them out;

e  Something Bad (e.g., computer failure) happened. You are being framed or need to do
Something Important (e.g., reprogram the computer to fix it) and escape;

e  Someone Nefarious (e.g., a science corporation) locked you in a room. Luckily, Some-
one Friendly (e.g., a colleague) left a series of hidden clues that will help you escape.

It is important to keep the plot points in easy-to-understand bite-sized portions and
let the beats drive the action and participants towards their goal. Integrating the time
factor in the plot is also crucial; many EERs have a one-hour time limit, so designers
should ask themselves what story they can tell that culminates in the participants reaching
their objective in an hour. Setting up circumstances that generate emotion or presenting
participants with dilemmas that play on their sense of justice and morality can make a story
even more engaging.

Another consideration at this point is the characters that are part of the plot. In an
EER, participants are expected to be an active part of the learning process, so they should
assume the starring role (protagonist) in a story that they feel they are influencing, with
an outcome they believe they can affect [7]. It is as a direct result of their decisions and
actions that the narrative progresses. Once the role of the participants has been decided,
the other characters need to be fleshed out as well. EER designers can have those characters
communicate their wants and needs through puzzles and/or audio, video, photographs, or
written messages integrated into the experience. Adding some complexity to antagonists
or even evoking sympathy for them allows the game to have different endings with moral
dilemmas, e.g., if the antagonist is a politician who has manipulated an election, but only to
avoid a dictator coming into power, then the participants can either keep the secret or reveal
everything. This choice may be a starting point for an ethical or philosophical discussion
in the debriefing session. All endings need to reach the same learning outcomes, though.
Allowing participants to make choices that have direct consequences on how the game
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plays out gives them a sense of control over the game and their role in it [33]. Finally, the
role of an ally who can provide the participants with hints, tools, and instructions to help
them overcome these challenges is usually played by a tutor. This is an opportunity to guide
the participants towards success and ensure that they have a good learning experience.

With compelling characters in place, the basic concept of the story needs to be struc-
tured into a series of events that the participants can follow. Rich narratives which do not
require too much reading and fit the theme and the setting will keep an escape room from
just being a random series of puzzles. Often EER narratives are “bookend” narratives,
with most of the important story information communicated at the beginning and the end
of the game [85]. The core story can be expanded using the model of dramatic structure
put forward by German playwright Gustav Freytag in Die Technik des Dramas (1863). This
model has become commonly known as “Freytag’s pyramid”. Its application to an EER
is illustrated in Figure 4 as a 2D graph in which the x-axis shows progression through
the story, and the y-axis shows emotional engagement or tension. The resulting curve
depicts the typical dramatic arc rising and falling as a “pyramid” [88]. Freytag’s model
defines sections of dramatic action, separated by key events, which can be positioned and
aligned to sections of the Three Act Structure of a beginning (setup of the conflict), middle
(confrontation of the conflict), and end (resolution of the conflict) [89].
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Figure 4. Dramatic structure of an EER according to Freytag’s model.

ActI (beginning/setup for the conflict) starts with exposition, which offers background
information about the main characters (“who”), the setting (“where”), and the circum-
stances or time period (“when”) to prime the players for the rest of the story, as well as
other contextual background information and lore relevant to the action. In an EER, these
elements of theme and backstory are often presented during a pre-game introductory
briefing by the game master or by a pre-recorded video introduction. The exposition is
followed by the inciting incident, an event, occurrence, or action that pulls the protagonists
out of their normal world and into the main action of the EER. Without it, the protagonists
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would not become aware of the conflict, and therefore they would not have the opportunity
to resolve it [89]. This sets up the dramatic question: What do the protagonists have to do to
solve the problem they face? It is often presented to the participants by the game master
just at the point that they enter the room and serves to set their objectives in the game.
The success (or otherwise) of the participants in achieving the gameplay objectives will
determine how the dramatic question is resolved in the narrative. The first act concludes
with some turning point that launches the action into Act II.

Act Il is where the rising action of the story occurs, in which the participants are faced
with continuous, escalating conflict as they try to overcome the antagonist. This section of
the narrative constitutes the majority of an EER experience, and typically has participants
solve puzzles, discover items, and reveal new areas in pursuit of the goal [88]. A sense of
increasing urgency can be created by a time countdown, dramatic theatrical music which
increases with intensity as time runs out, audio cues from a character or pre-recorded
messages, and lighting effects. The dramatic tension in the game increases higher and
higher up to the climax, which is the emotional peak of the story. It signifies the final
moments of the story’s overarching conflict and can be represented as the final puzzle (e.g.,
cutting the wire to defuse the bomb). However, the game should not end immediately after
the climax, as participants will not be able to experience the results of their actions in the
game world and the story will not be concluded.

In Act III, Freytag’s model identifies a period of falling action that results from the
climax, which can still be exciting (e.g., having defused the bomb during the climax, the
participants still need to escape the building) and should lead to the resolution of the
dramatic question: have the players succeeded in achieving their objective? Finally, the
story de-escalates in a dénouement, where the events of the climax wind back down into
normal life. An outro video at the beginning of the debriefing session that follows the
game is an effective way to provide clarity, resolution, and closure by showing participants
what happened at the very end of the story. If the EER is a serial story, the video can
deliberately end on a cliff-hanger to create a sense of suspense and get everyone excited for
the next episode.

As with the theme and narrative, the room’s physical environment supports (or
detracts from) the activities and overall learning outcomes. Choices about the decoration,
physical props, lighting, technology, audio, video, and visuals of both physical and digital
game spaces have narratological consequences and must follow the room’s theme to prevent
cognitive dissonance [90]. A selection of appropriate effects (and music if it makes sense to
the environment) in a well-edited escape room soundscape adds another subtle but very
effective layer of immersion to any game. Providing on-theme costume accessories and
inviting participants to dress up is also an opportunity to encourage immersivity [85].

2.4. Design

The fourth step of Room2Educ8 involves designing the puzzles that the participants
will have to solve to complete the game and meet the learning objectives, deciding upon
the game’s flow, creating the room layout, choosing appropriate game assets, developing a
hint and/or a scoring system, and defining game rules. As every puzzle in an EER should
align with a learning objective, designers must determine first which learning outcome
each puzzle will support. They must also understand what the participants know before
they start the puzzle, and what they should know after completing the puzzle. This will
allow for the easier validation and assessment of whether the learning objectives have been
achieved at the end of the game experience [63]. Puzzles are opportunities to engage the
participants with the story in an interactive way, so the next step is to determine which
part of the story the puzzle is aligned with, what the participants perceive about the story
before the puzzle, and what they should understand about the story after the puzzle [7].
When creating puzzles, it can often be easier to look at any final meta-puzzle first and then
work backwards from this.



Educ. Sci. 2022, 12, 768

15 of 28

Since numbers are often used in lock combinations, finding ways to manipulate
numbers is an easy way to add layers of puzzles to an EER. The simplest way to do so
is counting, e.g., have participants count how many there are of an object and make that
number relevant. Other ways to add numbers to puzzles include giving participants a
message written in letters and have them use the numbered keys on a phone to identify
which numbers match the letters (e.g., GAME returns 4263), hide numbers in a block
of text by replacing some letters with numbers (e.g., candle, mak3r, baSement, nOrmal),
enter numbers into a calculator and then turn it upside-down to read a word (e.g., 35007
upside-down spells the word LOOSE), and use Roman numerals or binary numbers. To
communicate letters and words, ciphers can be used to replace each letter with a different
symbol, number, or letter (e.g., Caesar, Atbash, columnar transposition, A1226, ASCII code,
Pigpen, Braille, Morse code, Scytale, etc.). Another common strategy to hide messages with
letters is to take a block or line of text and call attention to specific letters or words (e.g.,
leave some letters in the line lowercase or uppercase, make certain letters a different colour
than the surrounding text, place a dot or underline under important letters, etc.). Puzzles
should be as self-guided as possible, make their goal easily understood, be clearly linked to
clues, relate to the room’s theme, propel the narrative, take less than 5 min to solve, and
provide clear feedback when solutions are tested [85]. Having an obvious finished state
permits the participants to feel successful and boosts their enthusiasm.

To help participants reach a state of flow [58], it is crucial to keep them in a sweet spot
between frustration and boredom. If they are frustrated, they will give up because they
cannot find a way to engage in the puzzle. Conversely, if participants are not challenged
enough, they will get bored and equally give up caring about the game [82,91]. A solution
to this is to rate puzzles according to the difficulty of the content and the puzzle itself;
designers should make the first puzzle relatively easy to build the participants’ confidence
and set the stage for success [66,82], then provide them with puzzles of increasing difficulty
to keep the tension high. A mix of manageable revision tasks with more difficult new
tasks that require some research can maintain a balance between motivation and challenge.
Using the design concept of flow helps to create the scaffolding that can take participants
from what they already know and make them reach the learning outcomes [7]. Diverse
puzzles which challenge participants in different ways as they move through the escape
room (e.g., cooperative, logic, sensory, searching, physical tasks, etc.) can target a variety
of learning approaches and are more likely to engage multiple team members [10], thus
increasing the game’s success rate.

Finally, puzzles should be designed with accessibility in mind [82]. Designers must
consider how people with disabilities can navigate the game space. If having low lighting
is key to the game experience, then using large text with an easy-to-read font and high
contrast colours can combat frustration for participants. Similarly, if a puzzle needs to be
solved using colours, it can become colourblind accessible by making it also solvable using
shapes as well. It is important that participant actions within the room can be observed, as
this can help to determine if deficits in a team’s performance are due to poor puzzle design
or poor teamwork [6].

A key aspect of EER design is ensuring that all individual puzzles contribute and
form a greater whole. This essentially creates a puzzle path for participants to follow.
When designing the game flow through which participants proceed during the game [86],
a popular strategy is to follow a linear path structure, i.e., present to them one puzzle at a
time. Solving it will then make the next puzzle available. Linear pathways are easier for
participants to understand, the story flows better, and the game can be timed and paced,
therefore less guidance is needed, and progression is easier to monitor [32]. Alternatively, in
a non-linear game (i.e., a game that uses an open, path-based, or pyramid puzzle structure),
multiple puzzles are available to participants all at once, and after all are solved, their
outputs can be used to solve the final meta-puzzle. A flowchart showing how puzzles are
connected as presented in Figure 5 is an effective way to visualise the puzzle structure.
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Figure 5. Puzzle structures in escape rooms (adapted from [83]).

To ensure that participants will not miss out on any activities in the game, it is
recommended that EERs use a linear model where the entire team will engage with each
puzzle together. If there are multiple puzzles available, they should be designed to provide
similar experiences, so that as long as participants were engaged with one of the puzzles,
they would be able to move closer to the learning outcomes [7].

A room layout with clue placements and arrangements of the puzzles, as well as a
flowchart mapping out how players will navigate the room, can help to track the partici-
pants’ progress and visualise the overall flow of the experience [9]. Cards may be used to
provide details of each individual puzzle and its location in the room, starting objects in
each location, what prompts participants to start each puzzle, what hints are available, and
what clue/reward makes participants go to the next puzzle. These techniques are useful for
checking for consistency in the room design, sharing the design with others, and resetting
the room.

EER designers should consider any physical and/or digital assets that will be manipu-
lated to solve the puzzles or will be used as clues. These should match the time period, the
story, the characters, and the theme the game is set in. Game assets may include the room
itself as a space, lock boxes and containers, locks that provide immediate and unambiguous
feedback to players (e.g., combination, directional, letter, colour, padlocks, hasps, etc.),
envelopes, UV markers and black lights, game tech (e.g., computers, smartphones, GPS,
website, app, online answer box, projector, AR/VR, PA system, electronic props with
motion detectors, sensors, RFID tags, Arduino, Raspberry Pj, etc.), decoders to validate
participants’ solutions, a clock or countdown timer to promote a sense of urgency, and
narrative elements that embody the theme or setting (e.g., video, audio, printed documents,
pictures on the wall, etc.). It is recommended to utilise assets that can be reused and/or
are cheap to replace, as well as to produce refill packs with replacements for elements
that are used during gameplay in case they are misplaced or malfunction. The physical
placement of clues is also important, e.g., putting something above most people’s reach
when there is nobody tall on the team may cause frustration amongst participants [82].
The “one clue, one use” rule (i.e., each clue or prop is used only once to solve a puzzle
and then is retired from the game) can improve the overall gaming experience, because
once participants use a clue for a piece of information, they can set it aside and focus on
the remaining clues to solve the remaining puzzles, thus reducing their cognitive load [85].
Red herrings (i.e., items that have been deliberately designed to look like puzzles and clues,
intentionally forcing participants to waste time on items of no value) should only be used



Educ. Sci. 2022, 12, 768

17 of 28

if their existence ties into a learning outcome and the participants are trying to learn how
to identify false information and false leads as part of the activity [7].

Sound and music should not be overlooked when designing EERs, as they can trans-
form a game into a vivid and intense overall emotional experience. In-game sound effects
are mostly used for certain events in the game, such as when participants receive a hint,
or the countdown clock reaches the last minute of the game. These sounds may fit the
room’s theme in style, but they should be unusual enough to catch everyone’s attention.
Conversely, a music soundtrack should be subtle enough to let participants focus on the
story without catching their attention.

An EER’s success will frequently be built on its hint system. Hints provide an avenue
to mitigate the unpredictability of human behaviour and give teams an outlet to progress
past difficulties unanticipated by the EER developers [6]. They also help participants of
varying levels have similar experiences when playing through a room. To foster a positive
learning experience, it is crucial to develop an incremental hint system that offers help to
participants when they are stuck and fits the theme and narrative organically. Incremental
hints act as metacognitive support [92] in monitoring one’s own progress, thus contributing
to learners” knowledge-related self-confidence [25], and can be delivered to participants
personally (e.g., via a TV screen, through the room’s PA system, via a walkie-talkie or
phone, on written notes, via an app/website, etc.) or by pre-set hints on apps/websites
or on hint cards. Due to space limitations, it is also common for tutors to be present in
the same room as the participants throughout the game in order to offer them hints. This
approach should be undertaken with caution, however, as it may affect the participants’
autonomy in learning [93] or reduce the experience of flow and immersion by interrupting
the gameplay. Defining hint rules is recommended, especially for EERs with assessment
goals, as hints can artificially influence performance if there are differences in their timing
and specificity. A clear hint system with a limited number of hints available can also help
the participants to build up resilience and independence, while helping the tutors to stop
themselves from interfering. Common hint rules include: teams get a restricted number of
hints; the first hint is free, but if more hints are needed, a time penalty is given; participants
must earn a hint by passing a knowledge test, solving a puzzle, or finding hint cards or
tokens; there is no hint limit, but participants must use a hint button with a cooldown
timer; a pre-set hint can be used only if participants have not solved a particular puzzle
by a certain time on the game clock [5]. A hint cheat sheet can also be used to provide
systematic guidance on the type of hint that is necessary as well as the level of detail that
should be provided to teams [6].

Finally, a scoring system can be used to tap into people’s natural competitiveness and
encourage them to do better. A final score can be awarded based on whether participants
were able to finish the game, the time it took them to do so, the number of hints or clues
they used to solve the puzzles, or the number of puzzles they solved [85]. Designers should
consider whether there will be consequences to participants for any errors they make, e.g.,
miscalculating a medical dose may result in a two-minute penalty [9]. However, scores
leading to tangible rewards (e.g., sweets, stickers, stationery, etc.) should be used cautiously
as there is the risk that participants will focus on doing only what needs to be done (e.g.,
to figure out the code for the locks, instead of engaging fully with a puzzle), which can
result in not achieving the learning outcomes. Grades and rewards may send the message
that the EER is not going to be an engaging activity in its own right, but a task participants
must perform only for the reward [7].

2.5. Brief

The fifth step of Room2Educ8 is for designers to consider how they are going to inform
the participants about the EER’s backstory, objectives, and rules. One of the best ways of
doing this is to begin the narrative during a 5 to 10 min pre-game briefing. The briefing
can be used to provide background information about the main characters, the setting, the
time period, and the inciting incident, as well as set up the dramatic question: what do
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the protagonists have to do to solve the problem they face? This prologue can be in the
form of a pre-written script read by the EER facilitator or by the participants themselves.
Alternatively, a pre-recorded video introduction can be used to give instructions to the
participants and deliver the narrative components. Besides ensuring standardisation
across teams and minimising task load on the facilitator, a video can add significantly to
the immersiveness of the experience, make participants engage more naturally with the
storyline, and heighten the sense of urgency for escaping from the room. Using tropes from
films can make it easier to get the participants into the emotional state designers want them
to be in when the game starts [82].

A list of rules should also be provided to participants. This may include information
about the time limit for successful completion, forbidden items, hint and scoring systems,
room boundaries, handling props and furniture, health and safety issues, areas and objects
that are out of bounds (e.g., works of art on the walls, light fixtures, air vents, floor grates,
etc.), case sensitivity of text entry fields, communication with the game master, acceptable
behaviour, consent forms, etc. To deter cheating, facilitators can explicitly request that
participants not engage in cheating behaviour in the room. Additionally, they can offer
specific examples of behaviours to avoid while using vocabulary that suits the theme where
possible, as this can add to the immersion. For example, instead of telling participants not
to break the locks in a sci-fi-themed EER, facilitators can advise them “not to interfere with
the spaceship’s security system”. Rules make the game, so it is important that they support
the main goal of the EER without making it too hard or too easy to complete. Finally, in a
physical EER, an area should be designated for participants to leave their belongings so
that they do not have to carry them around during the game.

2.6. Debrief

The sixth step of Room2Educ8 is for designers to consider how they are going to make
participants aware of the learning that occurred during the gameplay. Metacognition, i.e.,
students’ ability to monitor, direct, and review their learning, is a powerful tool to get
learners to think about their own learning more explicitly, usually by teaching them to set
goals and monitor and evaluate their own academic progress [94]. Learning techniques
that have been shown to promote metacognition and enhance memory formation include
elaborating, verbalising, and sharing learnt information during and at the end of a learning
session. A structured, facilitated debriefing upon the completion of the EER allows for
reflection-on-action as described in Kolb’s experiential cycle [50]. A good rule of thumb is
to reserve one-third of the class time for reflection on the EER activity [7]. The gathered
data can also be used in Room2Educ8's evaluation step to assess the game’s success as a
subject-specific educational activity and inform any further needed improvements to the
overall experience. A recommended debriefing model is the Plus/Delta model which uses
two columns; the plus column (+) refers to good behaviours or actions, while delta refers to
behaviours or actions that need improvement or change in the future [95]. This technique
allows learners to participate in the discussion and is easily utilisable by novice debriefers.
More experienced facilitators can use the Advocacy Inquiry model from Debriefing with
Good Judgement, in which an advocacy is an assertion, observation, or statement, whereas
an inquiry is a question. When pairing the two together, facilitators act as conversational
scientists, stating in their advocacy their hypothesis, and then testing the hypothesis with
an inquiry. This is the generic approach that facilitators can use in any scenario: Step (1)
notice a relevant result (e.g., something that happened during the EER experience); step (2)
observe what actions seemed to lead to the result; and step (3) use advocacy—-inquiry to
discover the reasoning that produced this result [96].

To provide clarity, resolution, and closure to the story, the debriefing session may
begin with an outro video showing participants what happened at the very end of the story,
what they did in the game, why doing that was important, and how their actions improved
the circumstances of the game’s characters.
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Next, a reaction phase will allow participants to express and defuse heightened
emotions. They are coming out of a high-energy, stressful environment and will be thrilled
or disappointed, so it is important to leave them with a positive impression of the EER
experience [82]. Sometimes, they may not recognise the learnt skills that were necessary
to succeed in the game or may be unable to identify how the lack of those skills led to an
obstruction in the team’s process. Therefore, the facilitator should guide participants in
reflecting on their performance, the game content, the puzzles, the skills needed to solve
them, and their overall experience, and then use this discussion to clarify the teaching
points. For instance, participants may be asked to describe what they enjoyed about the
game, their favourite or most challenging puzzle, a time when they felt particularly proud
of themselves or their team, something new that they learnt during the game, how the
game related to what they were learning, how solving a puzzle in the game related to
solving a problem in the real world, one change that they would like to make to the game,
or what they might do differently next time.

As participants may desire feedback on observed team-based skills, open-ended
questions can be used to prompt dialogue about leadership, delegation, effective com-
munication, situational awareness, and task assistance [35]. For example, participants
may be encouraged to describe what they learnt about themselves during the game, how
they contributed to their team, how they made sure their ideas were heard, how their
team utilised everyone’s strength, a moment when their team worked well together or
became frustrated, how their team could have been more effective, and why their team
succeeded or failed in completing the challenge. Designers should also have a plan for
participant failure, e.g., decide whether the facilitator will disclose answers by guiding
the participants through the uncompleted puzzles or will review learning objectives in the
debriefing without revealing the EER’s secrets [9].

The debriefing may be concluded by giving away revision material (e.g., a revision
booklet) which summarises the key learning outcomes the participants explored during the
game, and by taking a group photo (or a screenshot when the EER is digital). The group
photo is arguably the only shareable thing about an escape room and most participants con-
sider it an important part of the overall experience. It is recommended to give participants
original props that fit the room’s theme and optimise the photo for sharing on social media.

2.7. Prototype

The seventh step of Room2Educ8 is for designers to prototype and playtest the EER.
Given the challenging nature of predicting human behaviour, prototyping efforts that
utilise multiple teams during an EER’s development are an effective tool to help estimate
the length of time required to complete individual puzzles and the overall length of the
game [6]. After developing the ideas and the puzzles, the design team should set out to
create simple, cost-effective prototypes of their ideas from their ideation sessions of the
previous steps. One large piece of chart paper can act as a surface for drawing a blueprint of
the room. Sticky notes with quick descriptions can then be placed on the room’s blueprint
to mark out the locations of puzzles and clues. The puzzles themselves can be written on
sheets of paper and brought out during playtesting when it is time to use them. The goal of
the paper prototyping is not to perfect the puzzles but to catch any big errors, check that
the puzzle logic makes sense, and that the overarching flow of the room works [82].

Once this internal playtesting has been completed, designers should make another
lo-fi testable prototype and invite teams of varying sizes, backgrounds, and levels of prior
experience with escape rooms to playtest it (e.g., 2-8 individuals with similar skill sets to the
intended learners). They should then get their feedback (e.g., via interviews, questionnaires,
etc.), return to the design process to solve any problems that came up during testing, and
produce a more refined prototype. This cycle may be repeated several times, so it is
recommended to use as few resources as possible in creating the early prototypes, as they
will most likely be changed after one play.
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Because EERs are usually team-based events, it is important that every participant
contribute, otherwise they will feel like they wasted their time. Playtesting will reveal if
there are enough puzzles for people who are visual, logical, physical, or other types of
thinkers [82]. Each playtest should address issues about realistic playtimes, difficulty levels,
puzzle mechanics, the relevance to learning objectives, the quality of hints, and the cohesive
nature of the narrative. It is crucial for an EER to have a high win percentage, so testing
individual puzzles, paper prototypes, and the full game at different stages, as well as the
debriefing structure, will provide important feedback to improve the design and achieve
game balance, accessibility, and playability [9].

A Feedback Capture Grid is a structured way of capturing user feedback systematically
during playtesting sessions or organising the gathered feedback after the playtest. To
start, designers should draw a grid on a piece of paper and divide it into four quadrants
labelled “Likes” (positive feedback), “Criticisms” (negative feedback and criticisms about
the prototype), “Questions” (questions that the play testers have asked as well as new
questions the test session raised), and “Ideas” (any ideas that the testing session has
sparked). Then, they should ask play testers to give specific and detailed feedback directly
on the grid using sticky notes. Once the grid is full, designers can move into synthesising
feedback into clusters or related common themes, brainstorm ideas on dealing with the
most important issues, and then create an action item list.

2.8. Document

The eighth step of Room2Educ8 is for designers to consider how they are going to
document the process of developing the EER. A highly descriptive game design document
(GDD), created and edited throughout development, can help the design team to refine
scope and production needs. A general anatomy of a GDD includes a game overview
with general information about the EER and its learning objectives, followed by sections
that describe each part of the design (e.g., puzzles, narrative, assets, etc.) in progressively
more detail. The document should be consistent, thorough, and specific enough, including
illustrations, flowcharts, diagrams, and every other information is required to build the
EER, so that it can serve as a blueprint for designing other EERs. A GDD is expected to
evolve together with the project as designers find new ideas, uncover new problems, and
may even change the overall design while making the game. Therefore, it is important to
plan from the beginning to update the documentation as development proceeds.

It is also recommended to produce two additional documents: (1) a facilitator guide,
which should contain the learning objectives, briefing and debriefing instructions, game
rules, room layout, a game walkthrough with clues and answers for each puzzle, rules,
and/or pre-set times for providing hints; and (2) set up/reset instructions containing a
visual depiction of the exact location of every object in the room accompanied by clear
step-by-step instructions about how to set up and reset the game for another play-through.

2.9. Evaluate

The ninth and final step of Room2Educ8 is for designers to consider how they are going
to evaluate the EER experience and assess whether the EER met its goals, objectives, and
learning outcomes, what aspects of the game contributed to or detracted from this, and how
the learning experience can be improved. The use of audio/video surveillance equipment
or screen recording software to observe and record participants as they complete the room
can serve as a data collection method to capture verbal utterances, team processes, and
behaviours. However, it comes with the added need for reliable video coding which can be
extremely time-consuming [6]. Alternatively, a researcher may watch the teams perform
tasks in real-time and take notes. Learner feedback using post-activity interviews, focus
groups, surveys, and the debriefing session are common methods to assess participants’
perceptions. When the EER is used as a tool to assess knowledge and /or soft skills, learning
gains can be measured by means of a pre-/post-/delayed post-knowledge test [5] and/or
by a student performance score based on success rate, the number of puzzles solved, and
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the number of hints requested. Ideally, studies should follow a mixed methods approach
to evaluate an EER experience, as it will provide a better comprehension of their findings
by triangulating results and thereby improving the validity of their conclusion. Finally, if
students are asked to develop EERs as part of their coursework, they should be provided
with a rubric showing the criteria upon which their EERs will be assessed.

3. Room2Educ8 Validation
3.1. Methods

A mixed-methods internal validation study based on Instructional Design model
validation [97] was conducted to validate Room2Educ8. The study lasted 4 academic
years (2018-2022) and employed a survey and focus groups to assess the framework’s
integrity and use. Ethical approval was not required for this study as it involved assessing
the anonymised student feedback and knowledge from a teaching event. Prior to data
collection, the students were informed about the nature of the study and the fact that the
study results will be published, gave their consent, and were assured of their anonymity.

Since Room2Educ8 is based on Design Thinking principles, it was embedded in the
teaching content of a 13-week-long compulsory module named “Design Thinking” for a
postgraduate course in User Experience Design at a British university. This creative module
was divided into a theoretical part where the lecturer traditionally exposed the curricular
contents, and a practical part where the students became “makers” [29] and worked in
groups of four to collaboratively create a one-hour EER experience for their coursework. The
required deliverables were a fully working EER prototype (physical, digital, or hybrid) on
one of three topics (cybersecurity awareness, information and communication technologies,
or information literacy), a report documenting the EER’s design process using Room2Educs8,
a live demonstration of the EER, and a peer evaluation of each group member’s contribution
to the project. All students were given 13 weeks to complete the coursework and had to
get a mark of 50/100 or higher to pass the module. The coursework was constructed with
specific learning objectives in mind, mapped to outcomes from the module’s specification
document. These objectives included:

1. Critically understand the key principles and applications of Design Thinking for the
creation of commercially viable interactive products;

2. Use research methods to build empathy for target audiences, identify customer needs,
and translate them into product specifications;

3. Work as a member of a development team to design, prototype, and evaluate potential
solutions for a wide range of challenges in both the digital and the physical realm;

4. Express and present design ideas in an appropriate professional format using written
and oral communication skills;

5. Document and critically reflect on the use of design methods in specified settings.

Prior to being offered to students, the coursework brief had been peer-reviewed by
two lecturers with backgrounds in user experience and game-based learning, respectively,
to verify its suitability to the module.

Between the 2018-2022 academic years, four cohorts of 104 students in total (N = 104,
48 identified as male, 56 as female) aged 21-32 years old worked in randomly distributed
groups of four and created 26 EERs (N = 26) for their coursework. A total of 14/26 were
digital EERs, 8/26 were physical, and 4/26 were hybrid. A total of 16/26 EERs focused
on cybersecurity awareness, 6/26 on information and communication technologies, and
4/26 on information literacy. Before studying this module, 26/104 students had previously
completed an escape room, albeit noneducational (25%), 45/104 were only familiar with
the escape room concept (43%), and 33/104 had never heard of escape rooms (32%). None
of the students had any prior experience with EER design. A total of 25/26 coursework
submissions received a grade of 50 or higher and passed the module (96% success rate),
with 18/26 getting a distinction grade of 70 or higher (69%).

During the last week of every offering of the Design Thinking module, all groups
of enrolled students presented the EERs they had developed for their coursework using
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Room2Educ8 to the class. Each EER was then playtested by a group of three lecturers who
employed the think-aloud protocol [98] to verbalise what they were thinking and doing
as they played the game. The added dimension of having players share their thoughts,
reactions, pleasure, and frustrations allowed the EER designers to understand the user
experience of the game, uncover problems with puzzles, and highlight content that could
be improved.

Once all EERs had been playtested, students were invited to participate in the frame-
work’s validation. Although this activity was voluntary and not part of the module’s
assessment, every student agreed to participate as it was an opportunity for them to experi-
ence the used research techniques which were relevant to their studies, have their voices
heard, and discuss a topic of interest. An anonymised survey of 10 statements developed
by the lecturer was employed to measure overall perceptions of Room2Educ8's clarity,
usability, and usefulness. The perception scale was a 5-point Likert scale ranging from
“1—strongly disagree” to “5—strongly agree”. To support or refute the quantitative find-
ings from the survey, qualitative data were collected through 30-min-long semi-structured
focus groups (four students per group) moderated by the lecturer and then analysed using
content analysis [99]. Each individual focus group was made up of the four students who
worked on the same EER. Indicative focus group questions are the following:

e Today’s topic is using the Room2Educ8 framework to design EERs. What are your
general feelings about it?

e  What are your thoughts on using Room2Educ8 as a tool to practise Design Thinking
skills?
What are specific issues, concerns, or problems you have faced when using Room2educ8?
What is your favourite aspect of Room2Educ8 and why?
What positive experiences or outcomes have you had in using Room2Educ8 to design
an EER?
Are there any soft skills you have developed while using Room2Educ8?
Can you suggest how to improve Room2Educ8?

The survey and focus groups were conducted once per academic year (four separate
times in total), with a different cohort of students in each offering of the module. A total of
104 students (N = 104) completed the survey and participated in 26 focus groups (N = 26).
Data from the student survey forms were transferred into a Microsoft Excel spreadsheet
and descriptive analyses using the total, mean, and standard deviation of feedback scores
were performed.

3.2. Results

Survey results in Table 3 indicated that the framework was very detailed, with clear
and understandable steps (M = 4.25, SD = 0.83) that were easy to follow regardless of
lack of prior experience in EER design (M = 3.89, SD = 0.96). It provided designers with
a comprehensive view of EER design (M = 4.41, SD = 0.60) and could be used to develop
a wide range of EER types (M = 4.02, SD = 0.74) covering a variety of topics (M = 4.09,
SD =0.66). Using Room2Educ8 increased confidence in EER design (M = 4.44, SD = 0.63)
and helped designers to develop 21st century skills such as teamwork (M = 3.94, SD = 1.03)
and empathy (M = 4.27, 5D = 0.86).

The focus groups also yielded positive results that supported the survey findings.
Sample responses are presented in Table 4. In virtually all focus group sessions, participants
expressed their initial concerns when they received the coursework brief, as they could not
see how designing an educational escape room fitted to the curriculum. However, once
they had completed the development of their EER, they could make this connection. One
participant stated, “I must admit that I was sceptical about this assignment at first, but by
the end I could see how Room2Educ8 can be an effective tool to learn and practise Design
Thinking skills.” Another major concern was the lack of any game design skills or limited
experience with escape rooms. For these participants, the major advantage of Room2Educ8
was its detailed and well-described steps. “Honestly, when we got the coursework brief, I
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was sure I was going to fail. I don’t play videogames and had no clue what an escape room
was before taking this class. To my surprise, the framework with its clear steps made the
development of the EER straightforward, even for a noob like me.” Another participant
added, “At first, I was overwhelmed by the large number of Room2Educ8 steps, but the
detailed instructions made them easy to follow.” Using Room2Educ8 was also regarded as
an effective way to develop teamwork and organisational skills. “I had never met these
guys before and was unsure about what to expect. I am not a fan of groupwork, but
we gelled very well, and everybody contributed to the project.” Finally, the user-centred
focus of the framework contributed to honing communication and empathy skills. “The
empathise stage has definitely helped me to improve my listening and interview skills. I
also got to understand how users feel and why.”

Table 3. Survey results (N = 104).

# Survey Statement Mean SD
1. Ifeel that each step in Room2Educ8 was easy to understand 425 0.83
2. Ibelieve that all steps in Room2Educ8 are necessary 3.95 0.89
3. The use of Room2Educ8 helped me to get a comprehensive view of EER design 4.41 0.60
4.  Room2Educ8 can be used to design a variety of EER types (e.g., physical, digital, etc.) 4.02 0.74
5. Room2Educ8 can be used to design a variety of EER topics (e.g., STEM, history, etc.) 4.09 0.66
6. Room2Educ8 can be used to design EERs regardless of prior experience 3.89 0.96
7. The use of Room2Educ8 increased my confidence in designing EERs 4.44 0.63
8.  Iplan to reuse Room2Educ8 to design any future EER 4.04 0.99
9.  Room2Educ8 has helped me to work effectively in groups 3.94 1.03
10. Room2Educ8 has helped me to get a deeper understanding of the people I am designing for 427 0.86
Table 4. Sample focus group responses.
Topic Response
Clarit “At first, I was overwhelmed by the large number of Room2Educ8 steps, but the detailed instructions made
Y them easy to follow.”
e “Although I had never heard of escape rooms before taking this class, Room2Educ8 made designing an EER
Usability . ”
pretty straightforward.
“I must admit that I was sceptical about this assignment at first, but by the end I could see how Room2Educ8
Usefulness . . ; . e
can be an effective tool to learn and practise design thinking skills.
. “Despite being rather shy and quiet as a person, designing an EER with Room2Educ8 increased my confidence
Communication . . . . . ”
and made it easier for me to express my ideas and communicate with my classmates.
“This was an excellent activity for team members to get to know each other. We gelled very well, and
Teamwork : N
everybody contributed to the project.
o “That was by far the most fun I had in an assignment. I will definitely use Room2Educ8 to design my next
Motivation s ”
EER, this time in VR.
Formality “According to the framework, we had to connect every puzzle to a learning objective, and that required a lot

of effort.”

4. Discussion and Conclusions

As EER design is usually a time-demanding and complex task, the rationale for
developing Room2Educ8 was to translate EER design into practical steps that educators
and other interested parties with no prior experience with the escape room format could
reasonably implement for their own teaching practice. Its prescribed nature also makes
it approachable for experienced commercial escape room designers who are considering
moving into serious games territory and want to create educational experiences.

According to the study findings, the framework enables the mapping of learning
objectives against puzzles and narrative to build a cohesive interactive story that pro-
vides contextually immersive learning experiences. Educators and researchers can use
Room2Educ8 with any core content subject to develop EERs that reinforce or teach criti-
cal concepts using auditory, visual, and kinaesthetic modalities. A framework based on
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design thinking has the potential to initiate an innovation aspect and be a useful tool
for teacher professionalism, as it can contribute to the development of the creative and
adaptive capacities of the escape room designers by encouraging innovative and reflexive
thinking [61]. The design thinking approach fosters many of the desirable traits identified
as 21st century competencies [100], thus enabling framework users to acquire knowledge,
skills, and attributes needed for collaborative problem-solving. Using Room2Educ8 may
also contribute to the development of judgement, self-reflection, and practical wisdom, as
it seeks to improve the learning experience in an inclusive way by incorporating the views
and insights of the learners themselves. The human-centredness of such a framework can
serve to nurture qualities necessary for social interaction and the cultivation of empathy.
Therefore, Room2Educ8 can also be used by students to design EERs as part of a multi-week
project to promote soft skills.

A limitation of this study is that, although the expected target audience for Room2Educ8
is mostly educators, it was used and validated by postgraduate students on a Design Think-
ing course who did not have a background in education studies, so the framework lacks
evidence of widespread use. A broader sample of participants would be a truer reflection of
the framework’s value; therefore, future works will include similar trials with education stu-
dents, pre-service teachers, and professional practitioners already working in the education
sector in order to observe any similarities or differences towards already tracked reactions
to the proposed framework. Another limitation is that students were asked to evaluate
the framework in front of their lecturers before their coursework grades were released.
Although participation in the framework’s validation was voluntary, this “educator bias”
may have influenced the students” answers. Room2Educ8 has been used to design EERs
covering basic topics on cybersecurity, information and communication technologies, and
information literacy. To support the notion that the framework is applicable to any subject,
future work should include using Room2Educ8 to design EERs that cover a broader variety
of topics, including technically applied courses. Finally, Room2Educ8 was only validated
internally, i.e., its validation focused upon the integrity of the framework and its use. To
support the study findings, a follow-up external validation addressing the effects of using
the framework—the developed EERs themselves, and their impact on learners—will be
conducted in the future.

Author Contributions: Conceptualization, PF. and T.M.; methodology, P.F.; validation, T.M.; formal
analysis, T.M.; investigation, PF,; data curation, P.F. and T.M.; writing—original draft preparation,
PF,; writing—review and editing, P.F. and T.M.; visualization, P.F,; supervision, PF. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to assessing the anonymised student feedback forms and knowledge from a teaching event.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

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

1. Guckian, J.; Eveson, L.; May, H. The great escape? The rise of the escape room in medical education. Future Healthc. . 2020, 7,

112-115. [CrossRef]

2. Sanchez, E.; Plumettaz-Sieber, M. Teaching and learning with escape games from debriefing to institutionalization of knowledge.
In Proceedings of the 7th International conference on Games and Learning Alliance GALA 2018, Palermo, Italy, 5-7 December

2018. [CrossRef]

3. Adams, V,; Burger, S.; Crawford, K.; Setter, R. Can you escape? Creating an escape room to facilitate active learning. J. Nurses Prof.
Dev. 2018, 34, E1-E5. [CrossRef]


http://doi.org/10.7861/fhj.2020-0032
http://doi.org/10.1007/978-3-030-11548-7
http://doi.org/10.1097/NND.0000000000000433

Educ. Sci. 2022,12,768 25 of 28

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Fotaris, P.; Mastoras, T. Escape rooms for learning: A systematic review. In Proceedings of the 12th European Conference on
Games Based Learning, Odense, Denmark, 4-5 October 2018; pp. 235-243. [CrossRef]

Veldkamp, A.; van de Grint, L.; Knippels, M.-C.P; van Joolingen, W.R. Escape education: A systematic review on escape rooms in
education. Educ. Res. Rev. 2020, 31, 100364. [CrossRef]

Cohen, T.N.; Griggs, A.C.; Keebler, ].R.; Lazzara, E.H.; Doherty, S.M.; Kanji, EE; Gewertz, B.L. Using escape rooms for conducting
team research: Understanding development, considerations, and challenges. Simul. Gaming 2020, 51, 443-460. [CrossRef]
Nicholson, S.; Cable, L. Unlocking the Potential of Puzzle-Based Learning: Designing Escape Rooms and Games for the Classroom; SAGE:
Newcastle upon Tyne, UK, 2020.

Beguin, E.; Besnard, S.; Cros, A.; Joannes, B.; Leclerc-Istria, O.; Noel, A.; Roels, N.; Taleb, F.; Thongphan, J.; Alata, E. Computer-
security-oriented escape room. IEEE Secur. Priv. 2019, 17, 78-83. [CrossRef]

Davis, K.; Lo, H.-Y.; Lichliter, R.; Wallin, K.; Elegores, G.; Jacobson, S.; Doughty, C. Twelve tips for creating an escape room activity
for medical education. Med. Teach. 2022, 44, 366-371. [CrossRef]

Morrell, B.; Eukel, H.N. Shocking escape: A cardiac escape room for undergraduate nursing students. Simul. Gaming 2021, 52,
72-78. [CrossRef]

Rosenkrantz, O.; Jensen, T.W.; Sarmasoglu, S.; Madsen, S.; Eberhard, K.; Ersboll, A K.; Dieckmann, P. Priming healthcare students
on the importance of non-technical skills in healthcare: How to set up a medical escape room game experience. Med. Teach. 2019,
41, 1285-1292. [CrossRef]

Pifiero Charlo, ].C. Educational Escape Rooms as a Tool for Horizontal Mathematization: Learning Process Evidence. Educ. Sci.
2020, 10, 213. [CrossRef]

Giang, C.; Chevalier, M.; Negrini, L.; Peleg, R.; Bonnet, E.; Piatti, A.; Mondada, F. Exploring escape games as a teaching tool in
educational robotics. In Proceedings of the International Conference EduRobotics 2018, Rome, Italy, 11 October 2018; pp. 95-106.
[CrossRef]

Loffler, E.; Schneider, B.; Zanwar, T.; Asprion, PM. Cysecescape 2.0—A virtual escape room to raise cybersecurity awareness. Int.
J. Ser. Games 2021, 8, 59-70. [CrossRef]

Otemaier, K.R.; Zanese, P.; Grein, E.; Bosso, N.S. Educational escape room for teaching Mathematical Logic in computer courses.
In Proceedings of the XIX SBGames, Recife, Brazil, 7-10 November 2020; pp. 595-604.

Lopez-Pernas, S.; Gordillo, A.; Barra, E.; Quemada, J. Comparing face-to-face and remote educational escape rooms for learning
programming. IEEE Access 2021, 9, 59270-59285. [CrossRef]

de la Flor, D.; Calles, J.A.; Espada, ].J.; Rodriguez, R. Application of escape lab-room to heat transfer evaluation for chemical
engineers. Educ. Chem. Eng. 2020, 33, 9-16. [CrossRef]

Baker, C.M.; Crabtree, G.; Anderson, K. Student pharmacist perceptions of learning after strengths-based leadership skills lab and
escape room in pharmacy practice skills laboratory. Curr. Pharm. Teach. Learn. 2020, 12, 724-727. [CrossRef]

Voros, V.; Sarkozi, Z. Physics escape room as an educational tool. In AIP Conference Proceedings; AIP Publishing LLC: Melvile, N,
USA, 2017. [CrossRef]

Fuentes-Cabrera, A.; Parra-Gonzalez, M.E.; Lopez-Belmonte, J.; Segura-Robles, A. Learning mathematics with emerging
methodologies—The escape room as a case study. Mathematics 2020, 8, 1586. [CrossRef]

Elford, D.; Lancaster, S.J.; Jones, G.A. Stereoisomers, not stereo enigmas: A stereochemistry escape activity incorporating
augmented and immersive virtual reality. J.. Chem. Educ. 2021, 98, 1691-1704. [CrossRef]

Jambhekar, K.; Pahls, R.P.; Deloney, L.A. Benefits of an escape room as a novel educational activity for radiology residents. Acad.
Radiol. 2020, 27, 276-283. [CrossRef]

Liu, C.; Patel, R.; Ogunjinmi, B.; Briffa, C.; Allain-Chapman, M.; Coffey, J.; Kallam, N.; Leung, M.S.T.; Lim, A.; Shamsad, S.
Feasibility of a paediatric radiology escape room for undergraduate education. Insights Imaging 2020, 11, 50. [CrossRef]

Alonso, G.; Schroeder, K.T.].B.; Education, M.B. Applying active learning in a virtual classroom such as a molecular biology
escape room. Biochem. Mol. Biol. Educ. 2020, 48, 514-515. [CrossRef]

von Kotzebue, L.; Zumbach, J.; Brandlmayr, A. Digital Escape Rooms as Game-Based Learning Environments: A Study in Sex
Education. Mult. Technol. Interact. 2022, 6, 8. [CrossRef]

Neumann, K.L.; Alvarado-Albertorio, F.; Ramirez-Salgado, A. Online approaches for implementing a digital escape room with
preservice teachers. J. Technol. Teach. Educ. 2020, 28, 415-424.

Babazadeh, M.; Botturi, L.; Reggiani, G. Let’s Jazz: A Case Study on Teaching Music with Educational Escape Rooms. In
Proceedings of the 16th European Conference on Games Based Learning, ECGBL 2022, Lisbon, Portugal, 6-7 October 2022.
Koenig, N.; Denk, N.; Wimmer, S.; Prandstaetter, H. Creating an Escape Room for Cultural Mediation: Insights from "The
Archivist’s Dream" In Proceedings of the 16th European Conference on Games Based Learning (ECGBL 2022), Lisbon, Portugal,
67 October 2022.

Dougherty, D. The Maker Movement. Innov. Technol. Gov. Glob. 2012, 7, 11-14. [CrossRef]

Ma, J.-P; Chuang, M.-H.; Lin, R. An Innovated Design of Escape Room Game Box through Integrating STEAM Education and PBL
Principle; Springer: Cham, Switzerland, 2018; pp. 70-79.

Li, P-Y,; Chou, Y.-K,; Chen, Y.-J.; Chiu, R.-S. Problem-based Learning (PBL) in Interactive Design: A Case Study of Escape the
Room Puzzle Design. In Proceedings of the 2018 1st IEEE International Conference on Knowledge Innovation and Invention
(ICKII), Jeju, Korea, 23-27 July 2018; pp. 250-253. [CrossRef]


http://doi.org/10.34190/GBL.19.179
http://doi.org/10.1016/j.edurev.2020.100364
http://doi.org/10.1177/1046878120907943
http://doi.org/10.1109/MSEC.2019.2912700
http://doi.org/10.1080/0142159X.2021.1909715
http://doi.org/10.1177/1046878120958734
http://doi.org/10.1080/0142159X.2019.1636953
http://doi.org/10.3390/educsci10090213
http://doi.org/10.1007/978-3-030-18141-3_8
http://doi.org/10.17083/ijsg.v8i1.413
http://doi.org/10.1109/ACCESS.2021.3073601
http://doi.org/10.1016/j.ece.2020.06.002
http://doi.org/10.1016/j.cptl.2020.01.021
http://doi.org/10.1063/1.5017455
http://doi.org/10.3390/math8091586
http://doi.org/10.1021/acs.jchemed.0c01283
http://doi.org/10.1016/j.acra.2019.04.021
http://doi.org/10.1186/s13244-020-00856-9
http://doi.org/10.1002/bmb.21429
http://doi.org/10.3390/mti6020008
http://doi.org/10.1162/INOV_a_00135
http://doi.org/10.1109/ICKII.2018.8569131

Educ. Sci. 2022,12,768 26 of 28

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.
44.

45.

46.
47.

48.

49.
50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.
61.

62.

63.

Guigon, G.; Humeau, J.; Vermeulen, M. A model to design learning escape games: SEGAM. In Proceedings of the 10th
International Conference on Computer Supported Education, Madeira, Portugal, 15-17 October 2019. [CrossRef]

Menon, D.; Romero, M. Game mechanics supporting a learning and playful experience in educational escape games. In Global
Perspectives on Gameful and Playful Teaching and Learning; Farber, M., Ed.; IGI Global: Hershley, PA, USA, 2020; pp. 143-162.
Jennings, D.; Surgenor, P.; McMahon, T. Education Theory: Constructivism and Social Constructivism in the Classroom. 2013.
Available online: http:/ /www.ucdoer.ie/index.php/Education_Theory/Constructivism_and_Social_Constructivism_in_the_
Classroom (accessed on 15 September 2022).

Zhang, X.C.; Lee, H.; Rodriguez, C.; Rudner, J.; Chan, T.M.; Papanagnou, D. Trapped as a group, escape as a team: Applying
gamification to incorporate team-building skills through an ‘escape room’experience. Cureus 2018, 10, 2256. [CrossRef]

Clark, D.B.; Tanner-Smith, E.E.; Killingsworth, S.S. Digital games, design, and learning: A systematic review and meta-analysis.
Rev. Educ. Res. 2016, 86, 79-122. [CrossRef]

Manzano-Leén, A.; Aguilar-Parra, ].M.; Rodriguez-Ferrer, ].M.; Trigueros, R.; Collado-Soler, R.; Méndez-Aguado, C.; Garcia-
Hernandez, M.].; Molina-Alonso, L. Online Escape Room during COVID-19: A Qualitative Study of Social Education Degree
Students” Experiences. Educ. Sci. 2021, 11, 426. [CrossRef]

Vygotsky, L. Mind in Society: Development of Higher Psychological Processes; Harvard University Press: Cambridge, MA, USA, 1978.
Mohd Ishak, N.; Ranganathan, H.; Harikrishnan, K. Learning Preferences of Generation Z Undergraduates at the University of
Cyberjaya. J. Learn. Dev. 2022, 9, 331-339. [CrossRef]

Iftode, D. Generation Z and Learning Styles. SEA—Pract. Appl. Sci. 2019, 7, 255-262. [CrossRef]

Denning, S. The Leader’s Guide to Storytelling: Mastering the Art and Discipline of Business Narrative, Revised and Updated; Jossey-Bass:
San Francisco, CA, USA, 2011.

Caine, R.N.; Caine, G.; McClintic, C.; Klimek, K.J. 12 Brain/Mind Learning Principles in Action: Teach for the Development of
Higher-Order Thinking and Executive Function, 3rd ed.; Corwin: Thousand Oaks, CA, USA, 2015.

Kaye, B.; Jacobson, B. True tales and tall tales: The power of organizational storytelling. Train. Dev. 1999, 53, 44-51.

Morgan, S.; Dennehy, R. The power of organizational storytelling: A management development perspective. . Manag. Dev. 1997,
16, 494-501. [CrossRef]

Seli, P, Wammes, J.D.; Risko, E.E; Smilek, D. On the relation between motivation and retention in educational contexts: The role
of intentional and unintentional mind wandering. Psychon. Bull. Rev. 2016, 23, 1280-1287. [CrossRef]

Taylor, D. The Healing Power Of Stories: Creating Yourself through The Stories Of Your Life; Doubleday: New York, NY, USA, 1996.
Taraldsen, L.H.; Haara, F.O.; Lysne, M.S.; Jensen, P.R.; Jenssen, E.S. A review on use of escape rooms in education—touching the
void. Educ. Ing. 2022, 13, 169-184. [CrossRef]

Rowe, J.P; Shores, L.R.; Mott, B.W.,; Lester, ].C. Integrating learning, problem solving, and engagement in narrative-centered
learning environments. Int. |. Artif. Intell. Educ. 2011, 21, 115-133. [CrossRef]

Lave, J.; Wenger, E. Situated Learning: Legitimate Peripheral Participation; Cambridge University Press: New York, NY, USA, 1991.
Kolb, D.A. Experiential Learning: Experience as the Source of Learning and Development, 2nd ed.; Pearson Education, Inc.: Upper
Saddle River, NJ, USA, 2015.

Poore, ].A.; Cullen, D.L.; Schaar, G. Simulation-based interprofessional education guided by Kolb’s experiential learning theory.
Clin. Simul. Nurs. 2014, 10, e241-e247. [CrossRef]

Cozolino, L. The Social Neuroscience of Education: Optimizing Attachment and Learning in the Classroom (The Norton Series on the Social
Neuroscience of Education); WW Norton & Company: New York, NY, USA, 2013.

Wimmer, G.E.; Braun, E.K,; Daw, N.D.; Shohamy, D. Episodic memory encoding interferes with reward learning and decreases
striatal prediction errors. J. Neurosci. 2014, 34, 14901-14912. [CrossRef]

Gee, J.P. What Video Games Have to Teach us about Learning and Literacy; Palgrave Macmillan: New York, NY, USA, 2003; Volume 1.
Johnson, L.; Adams Becker, S.; Cummins, M.; Estrada, V.; Freeman, A.; Ludgate, H. NMC Horizon Report: 2013 Higher Education
Edition; The New Media Consortium: Austin, TX, USA, 2013.

Koster, R. A Theory of Fun; Paraglyph Press: New York, NY, USA, 2004.

Barata, G.; Gama, S.; Jorge, J.; Gongalves, D. Engaging engineering students with gamification. In Proceedings of the 5th
International Conference on Games and Virtual Worlds for Serious Applications (VS-GAMES), Poole, UK, 11-13 September 2013.
[CrossRef]

Csikszentmihalyi, M. Flow: The Psychology of Optimal Experience; Harper and Row: New York, NY, USA, 1990.

Elwood, K; Savenye, W.; Jordan, M.E.; Larson, ].; Zapata, C. Design thinking: A new construct for educators. In Proceedings of the
Annual Convention of the Association of Educational Communications and Technology, Chicago, IL, USA, 2-6 November 2021.
Jenkin, I; Fairhurst, N. Escape room to operating room: A potential training modality? Med. Teach. 2020, 42, 596. [CrossRef]
Koh, J.H.L.; Chai, C.S.; Wong, B.; Hong, H.-Y. Design thinking and education. In Design Thinking for Education; Springer:
Berlin/Heidelberg, Germany, 2015; pp. 1-15. [CrossRef]

Jordan, ML.E. Teaching as designing: Preparing pre-service teachers for adaptive teaching. Theory Pract. 2016, 55, 197-206.
[CrossRef]

Clarke, S.; Peel, D.J.; Arnab, S.; Morini, L.; Keegan, H.; Wood, O. EscapED: A framework for creating educational escape rooms
and interactive games for higher/further education. Int. J. Serious Games 2017, 4, 73-86. [CrossRef]


http://doi.org/10.5220/0006665501910197
http://www.ucdoer.ie/index.php/Education_Theory/Constructivism_and_Social_Constructivism_in_the_Classroom
http://www.ucdoer.ie/index.php/Education_Theory/Constructivism_and_Social_Constructivism_in_the_Classroom
http://doi.org/10.7759/cureus.2256
http://doi.org/10.3102/0034654315582065
http://doi.org/10.3390/educsci11080426
http://doi.org/10.56059/jl4d.v9i2.584
http://doi.org/10.2139/ssrn.3518722
http://doi.org/10.1108/02621719710169585
http://doi.org/10.3758/s13423-015-0979-0
http://doi.org/10.1080/20004508.2020.1860284
http://doi.org/10.3233/JAI-2011-019
http://doi.org/10.1016/j.ecns.2014.01.004
http://doi.org/10.1523/JNEUROSCI.0204-14.2014
http://doi.org/10.1109/VS-GAMES.2013.6624228
http://doi.org/10.1080/0142159X.2019.1657821
http://doi.org/10.1007/978-981-287-444-3_1
http://doi.org/10.1080/00405841.2016.1176812
http://doi.org/10.17083/ijsg.v4i3.180

Educ. Sci. 2022,12,768 27 of 28

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.
96.

Martina, R.A.; Goksen, S. Developing educational escape rooms for experiential entrepreneurship education. Entrep. Educ.
Pedagog. 2022, 5, 449-471. [CrossRef]

Snyder, J.C. A Framework and Exploration of a Cybersecurity Education Escape Room; Theses and Dissertations: Provo, UT, USA, 2018.
Eukel, H.; Morrell, B. Ensuring educational escape-room success: The process of designing, piloting, evaluating, redesigning, and
re-evaluating educational escape rooms. Simul. Gaming 2021, 52, 18-23. [CrossRef]

Dittman, ].M.; Amendola, M.E; Ramraj, R.; Haynes, S.; Lange, P. The COMET framework: A novel approach to design an escape
room workshop for interprofessional objectives. J. Interprof. Care 2022, 36, 161-164. [CrossRef]

Sheehan, N.T.; Gujarathi, M.R.; Jones, ].C.; Phillips, F. Using design thinking to write and publish novel teaching cases: Tips from
experienced case authors. J. Manag. Educ. 2018, 42, 135-160. [CrossRef]

Habbal, F. Embedding Design Thinking in a Multidisciplinary Engineering Curriculum at Harvard University. In Creating
Innovation Leaders: A Global Perspective; Banerjee, B., Ceri, S., Eds.; Springer International Publishing: Cham, Switzerland, 2016; pp.
149-162. [CrossRef]

Panke, S. Design thinking in education: Perspectives, opportunities and challenges. Open Educ. Stud. 2019, 1, 281-306. [CrossRef]
Wells, D.; Fotaris, P. Game-Based Learning in Schools: Trainee Teacher Perceptions in Implementing Gamified Approaches. In
Proceedings of the 11th European Conference on Games Based Learning (ECGBL 2017), Graz, Austria, 5-6 October 2017.
Carroll, M.; Goldman, S.; Britos, L.; Koh, J.; Royalty, A.; Hornstein, M. Destination, Imagination and the Fires Within: Design
Thinking in a Middle School Classroom. Int. ]. Art Des. Educ. 2010, 29, 37-53. [CrossRef]

Schon, D.A. The Reflective Practitioner: How Professionals Think in Action; Temple Smith: London, UK, 1983.

Cochrane, T.; Munn, J. EDR and design thinking: Enabling creative pedagogies. In Proceedings of the EdMedia+ innovate
learning, New York, NY, USA, 20-23 June 2022; pp. 315-324.

Rusmann, A.; Ejsing-Duun, S. When design thinking goes to school: A literature review of design competences for the K-12 level.
Int. . Technol. Des. Educ. 2022, 32, 2063-2091. [CrossRef]

Anglin, G.J. Designing effective instruction. Educ. Technol. Res. Dev. 2002, 50, 79-83. [CrossRef]

Kelley, T.R. Construction of an engineer’s notebook rubric. Technol. Eng. Teach. 2014, 73, 26-32.

Quintana, R.M.; Haley, S.R.; Levick, A.; Holman, C.; Hayward, B.; Wojan, M. The persona party: Using personas to design for
learning at scale. In Proceedings of the 2017 CHI Conference Extended Abstracts on Human Factors in Computing Systems,
Denver, CO, USA, 6-11 May 2017. [CrossRef]

Conzemius, A.; O'Neill, J. The Power of SMART Goals: Using Goals to Improve Student Learning; Solution Tree Press: Houston, TX,
USA, 2009.

Rutledge, C.; Walsh, C.M.; Swinger, N.; Auerbach, M.; Castro, D.; Dewan, M.; Khattab, M.; Rake, A.; Harwayne-Gidansky, I.;
Raymond, T.T. Gamification in action: Theoretical and practical considerations for medical educators. Acad. Med. 2018, 93,
1014-1020. [CrossRef]

Walsh, A.P. Making Escape Rooms for Educational Purposes: A Workbook; Innovative Libraries: Huddersfield, UK, 2017.

Clare, A. Escape The Game: How to Make Puzzles and Escape Rooms; Smashwords: Los Gatos, CA, USA, 2016.

Nicholson, S. Peeking behind the Locked Door: A Survey of Escape Room Facilities; White Paper. 2015, pp. 1-35. Available
online: https://scottnicholson.com/pubs/erfacwhite.pdf (accessed on 15 September 2022).

Sundsbg, K. Open Access Escape Room: The key to OA engagement? Insights 2019, 32. [CrossRef]

Lyman, P.E. The Do-It-Yourself Escape Room Book: A Practical Guide to Writing Your Own Clues, Designing Puzzles, and Creating Your
Own Challenges; Skyhorse Publishing: New York, NY, USA, 2021.

Salen, K.; Zimmermann, E. Rules of Play: Game Design Fundamentals; MIT Press: Boston, MA, USA, 2004. [CrossRef]

Kroski, E. Escape Rooms and Other Immersive Experiences in the Library; American Library Association: Chicago, IL, USA, 2018.
Aitchison, A. Applying Dramatic Structure to Escape Room Game Narratives. 2019. Available online: https://www.
gamedeveloper.com/design/applying-dramatic-structure-to-escape-room-game-narratives (accessed on 15 September 2022).
Skolnick, E. Video Game Storytelling: What Every Developer Needs to Know about Narrative Techniques; Watson-Guptill Publications:
New York, NY, USA, 2014.

Nicholson, S. Ask why: Creating a better player experience through environmental storytelling and consistency in escape room
design. In Proceedings of the Meaningful Play 2016, Lancing, MI, USA, 2022 October 2016.

Hermanns, M.; Deal, B.; Hillhouse, S.; Opella, ].B.; Faigle, C.; Campbell IV, R.H. Using an “Escape Room” toolbox approach to
enhance pharmacology education. J. Nurs. Educ. Pract. 2017, 8, 89-95. [CrossRef]

Kim, B.; Park, H.; Baek, Y. Not just fun, but serious strategies: Using meta-cognitive strategies in game-based learning. Comput.
Educ. 2009, 52, 800-810. [CrossRef]

Makri, A.; Vlachopoulos, D.; Martina, R.A. Digital escape rooms as innovative pedagogical tools in education: A systematic
literature review. Sustainability 2021, 13, 4587. [CrossRef]

Quigley, A.; Muijs, D.; Stringer, E. Metacognition and Self-Regulated Learning: Guidance Report; Education Endowment Foundation:
London, UK, 2018.

Gardner, R. Introduction to debriefing. Semin. Perinatol. 2013, 37, 166-174. [CrossRef] [PubMed]

Rudolph, J.W.; Simon, R; Rivard, P; Dufresne, R.L.; Raemer, D.B. Debriefing with good judgment: Combining rigorous feedback
with genuine inquiry. Anesthesiol. Clin. 2007, 25, 361-376. [CrossRef] [PubMed]


http://doi.org/10.1177/2515127420969957
http://doi.org/10.1177/1046878120953453
http://doi.org/10.1080/13561820.2020.1870442
http://doi.org/10.1177/1052562917741179
http://doi.org/10.1007/978-3-319-20520-5_8
http://doi.org/10.1515/edu-2019-0022
http://doi.org/10.1111/j.1476-8070.2010.01632.x
http://doi.org/10.1007/s10798-021-09692-4
http://doi.org/10.1007/BF02504995
http://doi.org/10.1145/3027063.3053355
http://doi.org/10.1097/ACM.0000000000002183
https://scottnicholson.com/pubs/erfacwhite.pdf
http://doi.org/10.1629/uksg.459
http://doi.org/10.1177/1470357205048940
https://www.gamedeveloper.com/design/applying-dramatic-structure-to-escape-room-game-narratives
https://www.gamedeveloper.com/design/applying-dramatic-structure-to-escape-room-game-narratives
http://doi.org/10.5430/jnep.v8n4p89
http://doi.org/10.1016/j.compedu.2008.12.004
http://doi.org/10.3390/su13084587
http://doi.org/10.1053/j.semperi.2013.02.008
http://www.ncbi.nlm.nih.gov/pubmed/23721773
http://doi.org/10.1016/j.anclin.2007.03.007
http://www.ncbi.nlm.nih.gov/pubmed/17574196

Educ. Sci. 2022,12,768 28 of 28

97.

98.
99.

100.

Richey, R.C. Validating instructional design and development models. In Innovations in Instructional Technology: Essays in Honor of
M. David Merrill; Spector, M.J., Ohrazda, C., Van Schaack, A., Wiley, D.A., Eds.; Lawrence Erlbaum Associates, Inc.: Mahwah, NJ,
USA, 2006; pp. 171-185.

Barnum, C.M. Usability Testing Essentials—Ready, Set . .. Test! 2nd ed.; Morgan Kaufmann: Cambridge, MA, USA, 2021. [CrossRef]
Stewart, D.; Shamdasani, P.; Rook, D. Recruiting focus group participants and designing the interview guide. In Focus Groups,
2nd ed.; SAGE Publications: Newcastle upon Tyne, UK, 2007; pp. 51-69. [CrossRef]

Voogt, J.; Roblin, N.P. A comparative analysis of international frameworks for 21st century competences: Implications for national
curriculum policies. J. Curric. Stud. 2012, 44, 299-321. [CrossRef]


http://doi.org/10.1016/B978-0-12-816942-1.00001-0
http://doi.org/10.4135/9781412991841
http://doi.org/10.1080/00220272.2012.668938

	Introduction 
	Room2Educ8 Framework 
	Empathise 
	Define 
	Contextualise 
	Design 
	Brief 
	Debrief 
	Prototype 
	Document 
	Evaluate 

	Room2Educ8 Validation 
	Methods 
	Results 

	Discussion and Conclusions 
	References

