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ABSTRACT

The paper gives an intensive review of the current state of escape rooms and e-learning inno-
vations within smart city instruction. It consolidates existing information, making it available
to teachers, analysts, and policymakers. The paper bridges two distinct but complementary
areas by combining insights from escape rooms and e-learning innovations. The paper distin-
guishes holes within the current investigation and hones, indicating ranges requiring assist
examination. It also highlights openings for future advancement and development within the
utilization of escape rooms and e-learning advances. This study examines 13 review papers
related to each innovation. The strategy proposes a system that gives commonsense rules
and contemplations for teachers and engineers. The paper outlines how escape rooms and
e-learning advances have been effectively coordinated and utilized in keen city instruction
in Oman. The paper finds and examines the potential effect of escape rooms and e-learning
advances on learning results, emphasizing their part in improving engagement, inspiration,
and critical thinking abilities among learners. The study reveals the center on innovative edu-
cational innovations; the paper contributes to forming more intelligent and feasible urban
situations.

KEYWORDS
smart city entertainment, artificial intelligence (AI) technology, escape room technology,
collaboration, economic impact

1  INTRODUCTION

There are many attempts to combine artificial intelligence (AI) technology with
escape rooms to create a new form of edutainment in the smart city [1]. The use of
escape room techniques has become a magnet for education in many cities, provid-
ing participants with an immersive and challenging experience. However, incorpo-
rating Al technology can further develop this concept. The paper outlines a review
of the literature using Al and escape room technology in higher education, including
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improving personalization and adaptability in education and entertainment as a
form of smart city development [2].

Artificial intelligence is becoming imperative. In later decades due to its wide
applications within the genuine world. Cases incorporate mechanical autonomy [3],
Web applications [4], information mining [5], mechanical applications, instructive
advancement apparatuses [6] [7], and so on. Even though distinctive subfields have
verifiably worked within the classroom, analysts have done so ever since I found
the amalgamation of distinctive zones of science leads to more inventive and viable
arrangements more appropriate to the broader logical community [7] [8].

Smart cities represent the future of urban life, characterized by the integra-
tion of advanced technologies in all fields to improve and facilitate the quality of
life, the efficiency of services, sustainability, and competition at the forefront of
countries [9]. Education plays a crucial role in this transformation at the interac-
tive and electronic levels because it prepares citizens to navigate and contribute
in these technologically advanced environments. However, traditional educational
approaches often fail to address smart cities’ dynamic and interactive nature due
to their systematic monotony and lack of receptivity to evolving technologies [10].
This paper proposes a new educational approach that combines student-driven
e-learning and innovative escape rooms in educational development to enhance
the learning experience and provide learners with the skills and knowledge needed
for smart cities [11].

E-learning provides the ability to adapt and be open to learning sources, allow-
ing learners to immerse themselves in the material at the speed they want and from
any region, despite the differences and diversity of the learning mechanism [12].
Escape rooms, conversely, provide immersive encounters, test the student’s intu-
ition, and enhance their problem-solving abilities, collaboration, and basic consider-
ation. By coordinating these two strategies, we point to creating a blended learning
environment that takes advantage of the characteristics of both approaches to
achieve a different leap in smart education. This paper examines the virtual institu-
tions, the rationale for use, and the potential benefits of this half-breed educational
offering [8].

The merging of e-learning and escape rooms as instructive apparatuses offers
a novel approach to upgrading shrewd city instruction [19]. This orderly writing
audit points to assessing existing investigations on integrating these techniques,
recognizing their qualities and impediments, and proposing a system for their
successful usage in smart city instruction [35]. The survey takes after an orga-
nized strategy to guarantee comprehensive scope and thorough investigation of
significant things.

The aim of exploring the potential of this fusion to revolutionize smart city
learning entertainment is objective and to emphasize the importance of collab-
oration between the technology of Al and learning entertainment industries to
serve smart cities. The paper concludes that integrating Al and escape room tech-
nology can create a truly unique and unforgettable entertainment experience for
residents and learners and could open up new avenues for smart city develop-
ment [1] [3]. Figure 1 shows the fusion of AT and metaverse using an escape room
technology tool [6].
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Fig. 1. Fusion of artificial intelligence and escape room in the metaverse [6]

However, this study has a research question: “How can the integration of
escape rooms and e-learning platforms be designed and implemented to effectively
enhance public understanding and engagement with smart city technologies and
applications?”.

This paper reviews a group of topics. The first axis examines the follow-up of
literature related to explaining the mechanism of e-learning and escape room tech-
nology and its impact in providing effective guidance for achieving smart cities [10].
The second axis describes the theories and mechanisms that achieve efficient devel-
opment of smart cities in the field of the educational sector for higher education
students. The third axis explains the difficulties and limitations that hinder the inte-
gration of technology for escape rooms and e-learning. The last axis explains the
conclusion and future outlook to enable smart cities to move forward in achieving
and facilitating livelihoods and the joy of learning at the same time.

2  LITERATURE REVIEW

2.1 Conceptualizing the concept of educational escape rooms
and digital escape rooms

Within the modern scene of instruction, there has been a resurgence of intrigue
in energetic and all-encompassing learning approaches, with recreations rising as
a progressively favored educational apparatus. Educational escape rooms (EERs)
have materialized as an unmistakable shape of gamified learning, highlighting
imaginative exercises custom-made for learners. Beginning in Japan in 2007, ERs
have quickly picked up worldwide notoriety, rising above their beginning excite-
ment roots to end up a necessary portion of instructive hones [15]. These immersive
encounters include long-lasting challenges, entrusting groups with tackling confu-
sions inside a set time allotment, making them versatile to different age bunches
and instructive settings. Implanted with topical components and regularly driven
by accounts, digital escape room (DERs) submerge members in locks in role-play
scenarios.
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The ability to scale the hybrid educational model to different educational con-
texts and environments is important for broader application. This factor involves
examining the feasibility of implementing the model in various settings, such as
schools, universities, and professional training programs, and adapting it to meet the
specific needs of different learner groups. Understanding the impact of the hybrid
approach on learner motivation and satisfaction is crucial. This involves assessing
how the integration of e-learning and escape rooms influences learners’ attitudes
towards the subject matter, their enjoyment of the learning process, and their overall
satisfaction with the educational experience [16].

[10] This review is credited to recognizing and covering inquiries about crevices
since the current writing has centered on the academic perspectives of escape rooms
(ERs) in instruction, but no ponders appear to have been conducted concerning the
academic suggestions of computerized escape rooms (CERS) in instructive situations.
The technology can be used in various settings, including entertainment, education,
and team-building exercises. In programming learning, room escape technology
has been adapted to create coding challenges that players must solve to escape the
virtual room [10, 15].

Since 2017, the concept of ERs has expanded and spread around the scholas-
tic world, joining mechanical devices and growing into zones past the amusement
segment, such as instruction. [14] Even though this logical field is still in its earliest
stages, the larger part of the articles has prioritized hypothetically mapping the cur-
rent circumstance within the utilization of ERs in instruction [14], planning ERs for
academic purposes, announcing the users’ encounters in collaborative rooms—
either genuine or virtual—or collecting and giving input information on learners’
execution, the degree of substance understanding, and participants’ recognitions of
utilizing the ER diversions in post-activity tests [14]. By identifying crevices within
the writing, this paper pointed to audit the methodological approaches and evalu-
ation apparatuses utilized to gather the information determined from participants’
reactions and tutors’ points of view, to show common instruction and plan char-
acteristics, and to look at their effect on particular learning accomplishments in
cognitive, behavioral, and emotional segments [14].

2.2 Conceptualizing the concept of artificial intelligence in entertainment

The concept of smart cities has gained momentum in recent years, with cities
worldwide exploring innovative technologies and solutions to improve their residents’
quality of life. In recent years, there has been a growing interest in incorporating Al
technology into entertainment experiences, including escape rooms. Al technology
has the potential to enhance the personalization and immersion of escape rooms, pro-
viding an experience that caters to the specific needs and preferences of each par-
ticipant. Al technology can analyze participant behavior and adjust the challenges
and puzzles accordingly, creating a more personalized and adaptive experience [19].
Despite the developing intrigue in the coordination of Al into escape rooms to improve
personalization and drenching, there’s a restricted understanding of the moral con-
templations and potential societal impacts related to the utilization of Al in this setting.
Analyzing the moral suggestions, protection concerns, and the by and large societal
effect of Al-driven personalized encounters in escape rooms may be a pivotal, how-
ever underexplored zone. This inquiry about points to fill this hole by examining the
moral measurements of Al usage in escape rooms, exploring participant discernments,
and proposing rules for mindful AT utilization within the excitement industry [14].
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2.3 E-learning in smart cities education

E-learning has emerged as a powerful tool in education, providing flexibility, ease
of access, and supporting the requirements of a wide range of interests. Studies have
shown that e-learning can significantly enhance learning outcomes by providing
personalized learning experiences and enabling learners to access information at
their convenience [22]. E-learning provides everyone with a wide scope to diversify
sources and methods for delivering content and evaluating different competencies
[23]. In the context of smart cities, e-learning can spread knowledge about new tech-
nologies, sustainable practices, and civic engagement. However, the lack of reliable
interactive and collaborative elements in e-learning platforms, as well as their flex-
ibility to easily obtain abundant ready-made information, as an alternative to sys-
tematic traditional study, can limit their effectiveness in enhancing critical thinking
and problem-solving skills [24].

Smart cities have become characterized by scientific progress and a wide range
of methods for developing technology in all sciences. Recent studies have proven
that smart cities are built based on a qualitative leap in science and teaching through
the acquisition of high skills [19]. They also indicated that e-learning has taken a
wide space in the development stage and is an effective task in enabling individuals
to coexist in smart cities [17].

Ensuring that both e-learning content and escape room activities align with the
educational objectives specific to smart city education is crucial. This involves iden-
tifying key topics such as technological innovations, sustainability practices, and
urban planning principles and designing the educational materials and activities
accordingly [18]. The integration of e-learning and escape rooms aims to enhance
student engagement through interactive and immersive experiences. Factors to con-
sider include the design of escape room challenges that require active participation,
critical thinking, and collaboration, as well as e-learning modules that incorporate
multimedia elements to maintain interest and engagement [30].

2.4 Escape rooms as educational tools

Escape rooms have gained popularity as educational tools due to their ability
to create immersive, engaging, and interactive learning experiences [19]. Research
indicates that escape rooms can open horizons for learners and scientific competi-
tion in the speed of unraveling puzzles and logical interpretation of algorithms using
advanced visual applications [12]. With this in mind, it may not be surprising that
escape rooms are starting to gain ground in the academic community and innova-
tion in the ways of implementing escape room algorithms [33]. However, it is not
possible to keep a subset of a lesson in a room and wait for them to come out. The
idea is to distribute assignments that have an intellectual challenge to distinguish
students’ interaction and understanding through intellectual questions that move
students between levels from easy to complex and complex ideas, through individ-
ual experiences or joint groups to solve challenging assignments [32]. Educational
institutions and libraries have begun to coordinate this activity in their programs or
to create their own EER. The educational escape room/game can be described as a
‘directive strategy’.

In addition, it enhances teamwork, communication, and critical thinking skills by
presenting learners with complex and realistic problems that require cooperation
to solve [17]. The practical and experiential nature of escape rooms makes them
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particularly effective in teaching practical skills and concepts, which are crucial in
the context of smart cities [18]. Escape rooms have gained an advanced status in the
development of smart devices, as they rely on integrating complex theories with
advanced mathematical laws [19] [34].

Table 1 shows the summarized objectives, the field of interest in smart cities, and
the limitations of the used studies in the literature review.

Table 1. Summary of the existing review papers

Study Objectives

To speed up the logical interpretation
of advanced algorithms

Field of Smart City Development

Factors, items, and challenges
of smart cities

Limitations

Limited student engagement and gained
academic community

(14]

Examining the moral measurements of Al
usage in escape rooms

Gamification in smart cities

Not enough rules for mindful of AT

(15]

DERs submerge members in locks in role-play
scenarios.

Escape room in education

The Technology limited use.

[16]

The ability to scale the hybrid educational
model to different educational contexts
and environments

Game-based learning integrity

Local use of the methods
for the educational part.

(17]

Enhance the critical thinking and skills of
the learners

The dynamic infrastructure of ITS
of smart cities

Miscommunication between teams

(18]

The practical and experiential nature of escape
rooms makes them particularly effective
In teaching practical skills and concepts

Al In transportation development

Escape room technology sill not used
effectively

(19]

Escape rooms have gained an advanced status
in the development of smart devices

Escape room for tourist
development

The method required advanced mathematical
professional use.

(22]

E-learning can significantly enhance
learning outcomes

Revolution in smart cities

The learning techniques enhanced in higher
education only

(23]

E-learning of smart city development
using mechanical vehicle enhancement

Smart vehicles applications

The development requires time to be familiar
with techniques

(24]

Identifying key topics such as technological
innovations, sustainability practices

The nature of emotions in
developing smart cities.

Alternative to systematic traditional study
can limit their effectiveness in enhancing
critical thinking

(31]

Using games to move from easy to complex
ideas in education

Game-based education development

The method required advanced mathematical
professional use.

(32]

Learning programming using new coding
and compilers

Novelty of programming course
for educational development

Escape rooms and Al technology still not used
deeply in diploma levels

(33]

Using games to move from easy to complex
ideas in education

Game development

Not benefits of waiting for possibility to collect
all team results
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3  RESEARCH OBJECTIVES

The general objective of “Revolutionizing Smart City Entertainment: The Fusion
of ATl and Escape Room Technology” is to explore the potential of integrating Al
technology with escape room entertainment in smart cities to provide a highly
interactive and engaging entertainment experience that caters to the specific
needs and preferences of residents and tourists [14] [31]. The paper seeks to iden-
tify the benefits of using Al technology in escape rooms, such as personalization,
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adaptability, and immersion, and to propose a conceptual framework for developing
and implementing Al-enhanced escape rooms in smart cities [36].

4 METHODOLOGY

The literature review was conducted using a systematic approach, adhering to
the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
guidelines. The databases searched included Google Scholar, PubMed, IEEE Xplore,
and Web of Science. The search terms used were “e-learning,” “escape rooms,”
“smart cities,” “educational tools,” and “hybrid learning.” The inclusion criteria were
peer-reviewed articles published between 2010 and 2023 that focused on the appli-
cation of e-learning and escape rooms in educational contexts, with an emphasis on
smart city education [37]. A total of 258 articles were identified, of which 68 met the
inclusion criteria and were included in the final review. Figure 2 shows the method
of extracting the analyzed articles.

g Records from SCOPUS Records from Web of Records from Science
',g (n=53) Science (n=61) Direct (n=55)
Q
= l l
e
g Records from Google Records from ERIC (n=15)
K] Scholar (n=74) B
I
y
Total retrieved records Records excluded (n=77)
without duplicates (n=169)
Out of Scope:
a) Irrelevant to escape rooms
b) Irrelevant to the concept of
w0 L 4 educational escape rooms
c
= Records screened based
@ on their abstract {n=92)
g Records excluded {n=24)
@
Out of Scope:
a) Not describing correct research
\ 4 methods
Records screened by b) Insufficient presentation of findings
full text (n=68) ¢) Missing data

Fig. 2. Research methodology

The paper also discusses the potential economic impact of this fusion on smart
cities, highlighting the importance of investing in innovative and engaging enter-
tainment options to attract and retain residents and tourists [17] [19] [28].

The method proposed by [19] was adjusted for this orderly survey by utilizing
the method after steps: planning; conducting the survey; and announcing the
survey. The examination of the survey results that tested by using PLS-SEM, about
and the dialogue of discoveries, patterns, and conclusions concerning the favored
announcing things for orderly surveys and meta-analyses (PRISMA) articulation
proposal [28].
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5 IMPORTANT FACTORS OF SMART CITIES USING AI
AND ESCAPE ROOMS

The concept of this study is an innovative approach that combines cutting-edge
Al with the immersive and interactive experience of an escape room. The merger
aims to improve the entertainment value, engagement, and educational aspects of
urban leisure activities [21]. Several key factors play a key role in the successful
implementation of this concept [37].

Advanced Al algorithms: Al is central to personalizing the participant experience.

Puzzles and challenges can be adapted in real-time based on player performance
and preferences.

Immersive technology: Virtual reality (VR), augmented reality (AR), and mixed
reality (MR) can be used to greatly enhance the immersive experience of escape
rooms. This technology can create more engaging and interactive environments that
are not possible in purely physical environments [32].

Internet of Things (IoT) integration: Integration of IoT devices enables a more
interactive and responsive environment. Sensors and smart devices can adjust the
environment, control puzzles, and track participants’ movements and actions to
provide a more holistic experience [25].

User experience design: The overall design of the escape room experience should
be user-centered and focused on creating a compelling narrative and intuitive inter-
actions. This includes a deep understanding of storytelling, game design, and user
interface design.

Sustainability and accessibility: Design must consider environmental sustain-
ability and be accessible to a wide range of participants, including people with
disabilities [29].

Collaboration with city infrastructure: Integration with smart city infrastructure
provides enhanced experiences, including examples include city-wide treasure
hunts and puzzles tied to real-life locations and events [30].

Educational and cultural content: Incorporating educational or cultural elements
increases the value of the experience and makes it not only fun but also informative.

Community Engagement: By working with local communities and stakeholders,
we can tailor experiences to local culture and interests and encourage community
participation.

6  RESULTS AND DISCUSSION
6.1 E-learning in smart cities education

E-learning has been included as a widely adopted and essential method in smart
city development due to its flexibility and ease of access. E-learning is also distinguished
by its ability to provide focused and specialized educational experiences that serve the
needs of modern smart cities. Studies such as [23] highlight that e-learning can posi-
tively support learning outcomes by allowing learners and students to interact with
content without committing to a specific place or time. The study also points to the ben-
efitin the context of smart cities, where e-learning platforms can provide the necessary
services and knowledge about new technologies to achieve sustainability [16, 20].

There remain some clear difficulties in this regard, as e-learning methods that are
characterized by the traditional style and the modernity of use often lack interac-
tive and modernizing elements, which are considered vital elements for developing
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critical thinking, supportive team spirit, and problem-solving skills. [32] presented
research that discusses the determinants and issues of conflict in e-learning and its
negative role in enhancing developmental skills for sound architecture and smart
cities that support scientific use. It emphasizes the need for more engaging and
interactive educational experiences.

6.2 Escape rooms as educational tools

The educational aspect of developing uses for escape rooms includes a motivat-
ing aspect as educational tools. It also provides the ability to create modern edu-
cational experiences characterized by adventure, interaction, and motivation for
future innovation. Research conducted by [17] and [31] shows that escape rooms can
enhance teamwork skills and increase accuracy and real results. Educational tech-
nologies through escape rooms also stimulate communication and critical thinking,
which increases the speed of development in smart cities. It also enables researchers
to challenge these interactive environments in a way that serves learners to solve
complex real-world problems effectively and from a developed scientific perspective.

Noting that the experimental nature of artificial intelligence technology in escape
room technologies makes it well suited for the rapid growth that education in smart
cities’ needs. Learners’ opportunities appear to be increased and refined when
understanding and applying knowledge about technological innovations, sustain-
ability, and urban planning [13, 24]. However, designing advanced technology such
as escape rooms in the educational field for college students requires careful plan-
ning to ensure that the ideas, puzzles, and challenges are consistent with educa-
tional objectives and enhance the target knowledge and skills [31].

6.3 Integrating e-learning and escape rooms

Recent studies indicate that the integration of e-learning and escape rooms has
a positive impact on creating an educational model synchronized with intellectual
and technical modernity through comprehensive integration that enhances the
strengths of both e-learning and advanced education with artificial intelligence tech-
nologies and escape rooms. E-learning provides flexibility in addition to individual
confidence using basic learning mechanisms, while escape rooms provide mental
and visual stimulation through interactive experiences and challenges of different
stages to enhance this knowledge and apply it in real-world sectors and projects.
[19] point out that this hybrid blended approach can address the limitations of each
method and create a more engaging and effective learning environment.

On the other hand, many methods with a distinctive nature in Al have been
explored through recent studies and what they represent in terms of providing
an integrated approach to developing comprehensive educational methods for all
different sciences and creating the infrastructure in smart cities. For example, [26]
found that the feature of the collective link between e-learning and artificial intelli-
gence software in escape room technologies enhances student participation, opens
imaginative horizons for the comprehensive dimensions of the idea, and improves
learning outcomes in higher education institutions [27, 33].

In conclusion, all the studies mentioned in this study indicate that combining
e-learning with the uses of artificial intelligence based on shuffle rooms and its
advanced methods provides an advanced educational methodology that is promising
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for smart cities. Conclusions Through the creation of an effective, intuitive, innova-
tive, and adaptable learning environment, this approach stands out and advances
people in the way of open planning for the complexities of urban life, full of fluctu-
ations and needs, in line with the demographic and educational development and
the development of smart cities. Moreover, studying the diversity of this type of
science, its needs, and its application in disparate settings can help understand new
expectations and bring broad benefits [30, 33].

7  CONCLUSION

Combining e-learning and escape room technology is one of the methods that pro-
vide a promising educational strategy to renew and meet the requirements of smart
cities. The idea of creating an attractive, interactive, stimulating, flexible learning envi-
ronment, in addition to a renewed challenge, helped. This educational and systematic
method can help better prepare individuals to deal with the complexities of develop-
ment and the opportunities provided by smart urban life. The results of this manu-
script, which is based on a systematic review of the literature, confirmed the important
elements and available and potential theories of this hybrid educational model. It also
highlights further scientific development in research to improve its implementation
and evaluate its impact on the results of scientific research to develop smart cities.

8 LIMITATION

Tall improvement and usage costs: Making and keeping up elude rooms, both phys-
ical and virtual, can be costly and time-consuming. The advancement of advanced
e-learning stages moreover requires critical ventures in innovation, substance cre-
ation, and continuous support. These costs can be restrictive for a few instructive
teachers and may restrain the versatility of these learning devices. Not all understud-
ies have risen to get to the vital innovation and web network required for e-learning.
This advanced separation can compound existing instructive imbalances, especially
for understudies from low-income foundations or those in inaccessible regions. Also,
physical elude rooms may not be open to all understudies due to topographical or cal-
culated limitations. Both ERs and e-learning stages can display specialized challenges
that will ruin their successful utilization. Understudies and teachers may require
prepared to be capable of utilizing these advances, and specialized issues such as
program glitches or network issues can disturb the learning encounter.
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