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ABSTRACT
In this paper we present the co-design and implementation of an
extended reality escape room with 26 primary school students. The
aim of our study was to explore the co-design process with students
and to co-create a playable escape room, providing an asymmetric
immersive experience in which players collaborate. We realised the
complexity of designing such an escape room with primary stu-
dents. We share our experiences and learnings in regard to required
capacities and skills of co-designers, and adjustment of complexity
and timing to players. We also maintain that the integration of
extended reality technologies into escape rooms requires further
research to realise asymmetric co-located collaboration.
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1 INTRODUCTION
Escape room (ER) games have gained popularity around the globe,
as leisure activity for teams but also being explored as educational
tools building on established benefits of game-based learning [14].
An ER is a live-action game in which a team of players has to solve
a series of puzzles within a given time to reach a goal, usually to
find the key to unlock the room. The use of extended reality (XR)
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technologies such as the combination of augmented reality (AR)
and virtual reality (VR) provides yet another layer of immersion,
whereby the players are experiencing different realities across the
game [10]. While XR technologies are being adopted in schools,
students mostly are users of ready-made applications rather than
the creators of their own XR learning experiences [3]. A number of
studies focus on establishing the usefulness of ERs as didactic tools,
however less focus has been on the design itself and even less on
co-designing XR ERs with students for students.

Research work over two decades in the field of co-design with
children has established numerous successful methods, techniques,
tools and theories on involving children in the creation of engaging
and immersive learning experiences [1]. However, the design of an
XR ER comes with its own set of challenges, such as determining
design factors and how technology can be used [12], designing
individual puzzles, which are challenging, engaging, and at the
right player level in terms of conceptual and physical complexity,
time constraints and team collaboration while at the same time
creating a cohesive narrative. While there are generic guidelines to
build ERs, they provide little inside on the process of turning chil-
dren’s design ideas into playable and integrated puzzles to form a
whole. Moreover leveraging and combining mostly unfamiliar tech-
nologies, such as sensors, AR and VR to create immersive puzzles
requires yet another repertoire of skills and knowledge.

In this study we share our experience of the co-design process
of a playable XR ER with a group of primary school students. Our
aims were twofold, on the one side we wanted to co-create a fully
playable XR ER with and for students on the other hand we wanted
to explore the design process and necessary steps to capacitate the
students through exposure of immersive technologies to become
co-designers of XR games.

2 ESCAPE ROOMS IN EDUCATION
Educational ERs serve as enjoyable and motivating teaching strate-
gies [11]. The gamification aspects of ER encourages active students
learning promote engagement, encourage participation kindling
curiosity among the students, thus cultivating a more engaging
learning experience [11]. In particular, ERs can foster collaborative
learning, by peer groups working together to solve problems [13].
Incorporating technology into ERs can further enhance students’
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motivation and engagement [9]. Combining different technologies
yields in an asymmetric multiplayer game, enabling collaboration
across different platforms [5]. This can foster increased social con-
nection and presence among players compared to symmetric game
design [4]. [8]. Moving from users to co-designers of their own
immersive learning environments, further provides students with
invaluable skills and knowledge about technology, subject content
and collaboration, thereby promoting a cross-curricular learning
[10]. This approach enables individuals to learn from each other,
aligning with the principles of social constructivism that emphasise
learning through shared experiences. The growing field of student-
created XR experiences provides new opportunities to engage and
motivate students while supporting the the acquisition of technical
and collaborative skills [10]. Thus the use and design of ERs provide
new opportunities in education promoting collaborative learning
in alternative classroom settings.

3 RESEARCH CONTEXT AND
METHODOLOGY

3.1 Background
Since 2017, researchers from the Namibia University of Science
and Technology run weekly co-design and evaluation sessions
of interactive digital educational technologies, engaging yearly
cohorts of grade 6 and 7 students from People’s Primary School in
Windhoek [7]. One of the ongoing projects is the co-creation of an
XR ER. Since 2019, yearly school student cohorts, local university
students, as well as international research partners were involved in
contributing to the design and development of the ER. In 2019, the
student cohort grouped in four teams, each created a unique fantasy
character, which served as the pillars of the ER. Aligning with the
characters’ special skills, technologies were assigned to develop
the puzzles. In 2020, students were engaged in online co-design
sessions, which resulted in the actual narrative of the ER [6]. In
2021 and 2022, prototypes of the different stations were produced
by University students. An AR prototype was co-designed and
evaluated by the school students and developed and refined by
university students, without completing the thematic adaptation. A
stand alone VR application was created, as an asymmetric hybrid
game with one VR headset and a game manual for the other players
[2]. The VR application depicted a full 3D space of sweets, with
interactive gesture-controlled activities such as moving candies,
pressing color buttons and gesticulating, as co-designed with the
school students. The game manual contained instructions for the
VR player in form of puzzles, which required information from
the virtual and the physical world, ensuring that all players are
engaged. In 2023, a new cohort of 26 students finalised a full playable
version of the previously conceptualised ER, co-constructing four
immersive stations, drawing inspiration from the initial four fantasy
characters, technologies used and puzzles designed.

3.2 Process
Using a participatory design approach, we co-created an ER with
four joint stations, over a period of three months. The aim was
to assemble the individual stations into a coherent narrative and
create a playable ER.

3.2.1 Technologies exploration session. In the first session, the stu-
dents were exposed to new technologies which were developed by
previous cohorts. These included apps, AR and VR environments
and various digital games and puzzles. Sensors were presented to
the students as a new technology that they should use creatively.

3.2.2 Familiarisation with escape room and narrative session. The
next session focused on explaining principles of ERs and sharing the
narrative and station concepts developed by the previous cohorts.
The students then read the story independently, tried the puzzles
themselves, and analysed them together as a group.

3.2.3 Station development sessions. In the next step, four groups
were formed, each working on one station, building on the previous
narrative, characters, technologies and puzzles. Themain focus here
was on developing new ideas and refining puzzles, and the physical
construction of the puzzles without modifying the existing digital
technologies. The development of the stations was the most creative
and time-consuming part, requiring several sessions.

3.2.4 Assembling escape room sessions. The order of the stations
was determined and the connections between the stations were
established in form of guiding locked up messages. Two mixed
teams (one person from each group) played through the entire ER,
to test transitions, timing and complexity of the puzzles.

3.2.5 Public presentation. The ER was assembled and presented at
a public Innovation Bazaar at the University for a duration of three
days. Visitors could explore the ER, while one child at each station
served as a game master. Five students presented the ER during
an innovation pitch session, upon which they won best children
innovation award.

4 THE ESCAPE ROOM
4.1 Concept and aims
The concept of the ER focused on ensuring inclusivity by providing
diverse puzzles and asymmetrical collaboration with exposure to
different emerging technologies. The puzzles varied in complexity,
used different media, appealed to all senses, including smell, and
built on different skills such as reading, calculating, and solving
problems in general. Collaboration is fostered by design, as such
the technology user needs to continuously communicate with the
other teammates to solve the puzzle.

4.1.1 Narrative. The students previously created a “YummyWorld“,
a world full of love and care, where everybody is happy, surrounded
by sweet smells, mountains of chocolate, and ginger bread houses.
But this world is threatened by thieves who stole the source of
infinite sweetness. Players need to save the yummy world with the
help of their four friends: (1) the magic tree which grows sweets
and chocolate but which transforms in an angry robot if its last
leave is picked, only transformed back through a lovely song by the
children; (2) Mr Matoro who is funny, smart with healing powers
in another reality; (3) Three Eyes has exceptional sight, can read
people’s mind and has a snake body, (4) Big Foot who is scary but
holds the key to the final treasure.

4.1.2 Technologies. This XR ER uses different technologies to re-
alise the puzzles. The magic trees uses an AR app, hoovering over

745



Co-design of an Extended Reality Escape Room with Primary School Students IDC ’24, June 17–20, 2024, Delft, Netherlands

trigger drawings on the tree displays videos containing clues to
solve the puzzle. For the Mr Matoro station we used a VR Oculus
Quest 2 headset in which a 3D candyland was created. Three eyes
consists of stereograms, which are a three-dimensional images with
a length, width and depth that has been created in such a way that
each eye is shown slightly different images. The eyes have to look
across to see the image content. The stereogram was created with
a free online application. The Big Foot station uses a touch and
pedal sensor, which ones activated emits an electrical signal, which
triggers the opening of the treasure box.

4.2 Setup
The puzzles at the four stations are solved in a curated sequence
( see figure 1). Each station ends with the opening of a locked
container, where a new clue to the next station can be found. At
the last station, a wooden box opens automatically and contains
a sweet surprise. The ER is supposed to be played by groups of
three to five students and last approx. 45-60 minutes. Unlike a
classic ER, the room itself is not locked. A poster with a short
description is displayed at the entrance to the ER to explain the
general setting and story. The room itself is designed to reflect the
“YummyWorld“ theme – posters with sweets hang from the ceiling,
there are colourful table cloths and three-dimensional objects. Each
station include instructions, a technical device, handcrafted objects
such as a three-dimensional tree and a locked artefact.

4.3 The Magic Tree – Augmented Reality
The Magic Tree station consists of a cardboard tree, with decora-
tion and sweets attached, as well as drawn markers for the AR.
Next to the tree there is a chocolate puzzle, an AR-enabled tablet
and a locked suitcase with a three digit number lock. The lollipop
marker shows a dancing video conceptualised and produced by
the students, in which they dance a formation which reveals one
number. The sweetie marker has a video of sweets being thrown
into a basket while counting, providing a clue to count the sweets
attached to the physical tree. The chocolate trigger shows a media-
GIF of a chocolate being put together giving the clue to assemble
the chocolate puzzle, containing the next number on the back side.
Fourthly the leaf trigger shows the tree transforming into an angry
robot chasing students for having taken the last leave. The students
are required to calm down the robot with a lovely song, which then
transforms the robot back into the tree and reveals the sequence of
the numbers to unlock the suitcase.

4.4 Mr Matoro - Virtual Reality
The VR station was previously designed as a standalone asymmetric
hybrid VR puzzle game taking the players approximately an hour
to solve [2]. The task was to integrate the stand-alone VR game as
a station in the XR ER, without reprogramming the VR application
but changing the puzzles, so they could be completed in 15 minutes
and yield in a four digit code. The final setup consisted of a table
with instructions on it, six plastic ice cream cones of different colors
and unique scents, and a locked bag that can be opened with a four-
digit numerical code. Only a fraction of the VR world was utilised
due to time constraints. A new sensory component was introduced
namely plastic ice cream cones with different scents. The player

wearing the VR headset, was instructed by the outside players to
find and identify the flavour of a cake, among many others, with
white topping. The outside players then had to find the cone with
the corresponding scent, followed by the cone with the banana
smell. The combined numbers on the cones formed the code to
open the container with the clue for the next station.

4.5 Three Eyes
At this station the players are told “Look deep into my eyes and then
take a selfie in order to solve the next puzzle.“. The setup, consisted of
a poster featuring the Three Eyes creature, with three stereogram
eyes. Next to the creature was mirrored writing that read, “Arrange
the numbers from highest to lowest“ and a safe that required a 3
number code. Each eye featured a stereogramwith a unique numeric
number and patterns fitting the theme such as Lolipops, Cupcakes
and Cakes. The three digit code numbers were selected by the
students during the design sessions for the stereograms, testing out
different numbers, ranking them from the easiest to decode to the
most difficult they selected: 6 (considered the easiest to decode), 9
(considered the most difficult), and 1 (falling in between, neither
too easy nor too difficult).

The students had a hard time grasping what a stereogram was
and how to create one. With several sample stereograms provided,
they found it challenging to decode them. Creating their own stere-
ograms presented its own difficulty as they were trying to aim
for designs that weren’t too simple but also not overly complex.
Most participants struggled to decode the numbers 9 and 1 in the
stereogram.

4.6 Big Foot
The previous safe contained a cup cake probe with the following
text: Big Foot eagerly awaits you, but his hunger must be satisfied
first. Following that, try on all his shoes for the final step to rescue
the Yummy Candyland. The touch sensor is triggered once the cup
cake is place in the Big Foot’s mouth, and the pedal sensors are
triggered once the player puts their foot in the correct shoe, upon
which the treasure box opens. It was challenging for the students
to conceptualise puzzles with sensors at first, but as some got the
hang of it they pulled the entire team along to construct the probes
and integrate the sensors.

5 REFLECTIONS
Reflecting on the co-construction process, we realised the necessary
skills needed as well as the approach to take to achieve set goals in
terms of time, complexity and most importantly team collaboration.

5.1 Design capacity and readiness
The students had to acquire different skills: conceptual, technical,
and design practice. The development of the ER proved to be a
complex matter. Students need to be familiar with ER concepts
and puzzles, technologies used. Design skills are necessary to plan
puzzles and riddles into a coherent narrative and immersive ex-
perience, as well as craft skills to create probes with integrated
technologies. For example, upon understanding sensors and their
intricate role in ERs, the students were able to create ideas that
incorporated the use of these sensors in the ER. Similar findings
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Figure 1: Impressions of the four stations of the Escape Room
were elucidated by Winschiers-Theophilus et al. [15] requiring the
students to have technical, design and communication skills before
becoming co-designers of their own learning environment.

5.2 Resolving Puzzle Complexities
The students had no experience or guidelines on how to create
puzzles for XR environments. When observing the development
process of the puzzles, the complexity, especially the comprehen-
sibility of the puzzles, and the estimation of the time to solve the
puzzles (duration) turned out to be a challenge. Although the com-
prehension and solving time was tested several times within the
group, the ER was too ambitious and had to be simplified in each
run. As this challenge was already recognised during the develop-
ment phase, various levels of hints were provided and a simpler and
more difficult task was made available. To resolve the complexity
of developing the puzzles, facilitators need to incorporate iterative
development and testing, allowing for continuous refinement based
on feedback.

5.3 Design process engagement
The work at the individual stations was independent of each other,
but the students sometimes worked in other groups to help out,
especially when creating the artefacts. Similar observations were
made by MacCallum [10], that the students they engaged in the
development of XR games supported each other throughout the pro-
cess of creating artefacts, adopting a collaborative design process. In
the design of ERs cross-group collaboration should be encouraged
to give the students a better understanding and overview of the
entire game. Ensuring that the students can bring in their ideas in
the process and direct the design into what they enjoy, as such the
creation of the dancing video was perceived as extremely enjoyable
as the students like dancing. Thus facilitators should ensure that
students’ passions and talents are used in the process (drawing,
dancing, etc.).

5.4 Designing for collaboration in extended
reality

Most applications in AR and VR are designed for individuals and
not for group use, especially not for asymmetric settings where one
person uses the technology and yet all participants take equally part
in the experience. This ERwas well planned as a hybrid space where
the students have to work together both inside and outside the VR.
Pan et al. [12] explains that collaboration can be fostered through
design supporting different communication and situated awareness
of the team mates. However, we observed that at times, students
wearing the headset were so immersed that they forgot about their

real life friends. Thus designing for collaboration between team
members being outside and an others inside the VR is an entirely
new concept considering that the focus of most VR research has
been on improving immersion. We postulate that this should be
further explored in future research.

6 CONCLUSION AND FUTUREWORK
ERs are progressively introduced in formal education settings with a
particular focus on creating an enjoyable, motivating, and engaging
experience for students. However, guidelines on how to create
such ERs are scarce, and absent for XR ERs. Thus throughout our
journey of co-creation, we have encountered challenges and learnt
valuable lessons on which skills the students require, how to resolve
complexity and timing of puzzles, and the need for further research
into asymmetric XR experience design. Although we constructed a
fully playable XR ER, in the next phase wewill refine the ER stations,
conduct real-life testing and evaluations to calibrate complexity
and timing, as well as research further cross-reality collaboration.

7 SELECTION OF LEARNERS
26 school students selected to participate in a weekly extracur-
ricular technology design program, with 11 students in grade 7
and 15 in grade 6. Among the participants, 8 were male, and 18
were female. The selection was based on their expressed interest
in the projects and the design program. All participating students
had written parental/legal guardian consent, as well as approval
from their teacher/principal. They were thoroughly briefed on the
research, including recordings and subsequent publications, the
purpose and protocols involved, their roles, and the data manage-
ment procedures. Ethical guidelines from the participating local
university were strictly followed in the treatment and engagement
of these students. The study received approval from the school
principal and the corresponding Ministry.
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