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Abstract - XR provides benefits in innovation,
competitiveness and sustainability that offset disruptions in and
enhances physical reality. The Caribbean’s metaverse evolution
started before the pandemic with the development of XR projects
and creatives’ NFTs. The physical isolation during the Covid-
19 pandemic accelerated the Caribbean’s interest in the
metaverse and XR. In 2020, only 83 participants from Trinidad
and Tobago entered the CARIRI AR/VR Challenge to
demonstrate their XR ideas. There is a need to encourage and
accelerate regional XR development. The purpose of this
research is to explore Caribbean XR developers’ experiences to
provide an understanding of the factors affecting their XR
development. This paper addresses the question: What factors
of influence will encourage the development of XR projects in
the Caribbean to advance their metaverse development? Online
questionnaires issued to Caribbean XR developers from July to
December 2021 obtained responses from 77 participants
throughout 13 regional countries. The primary data were
statistically insignificant and skewed towards two countries
(Jamaica and Trinidad & Tobago). Comparative and inferential
analyses identified factors of influence, industry sectors, and
design foci. The originality of this research is an XR
development strategy that incorporates the 14.0, UX, and
financial strategies. It establishes the XR project design foci (the
user, the purpose and the location). The factors of influence
minimum criteria and the industry sector(s) influence each
design focus. An initial reference list of industry sectors is
education (the preferred option), healthcare, tourism, culture,
manufacturing for export, construction, entertainment, game
development, agriculture, and environmental protection. The
strategy’s value is in enabling content creators to design XR
applications to meet consumers’ needs and increase the regional
adoption of XR. The impact of the research on the Caribbean is
to facilitate a path to the regional metaverse evolution. This
research identified the need for a regional XR development
policy.

Keywords: Caribbean, Metaverse, Extended Reality (XR),
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I. INTRODUCTION
A. The metaverse and extended reality (XR)
a) The metaverse

The metaverse is not a new word. The following
examples outline the origin and provide an understanding of
the term. Neal Stephenson wrote about experiencing an
imagined space free from the limitations of physical reality
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and introduced the word 'metaverse’ in his 1992 published
book "Snow Crash” [1]. Neil Trevett, Chair of the
Metaverse Standards Forum, outlines the group's view of
this environment as a platform which is "an evolution of the
Web" that "combines the connectivity of the Web combined
with the immersiveness of Spatial Computing” [2, pp. 3, 6].
Matthew Bell’s 2022 book ‘The Metaverse, And How It
Will Revolutionize Everything’ [3] defines the space in
terms of integrating technologies that mimic real-world
interactions [4]. A 2022 systematic review of metaverse
literature summarised it as three core areas: Spatio-temporal
extensibility, virtual-real interaction, and human-computer
symbiosis [5, pp. 8-10]. Therefore, the metaverse must be
immersive, persistent and interoperable [6, pp. 3-5]. It
facilitates anyone accessing the environment and
performing any desired activity. A common framework of
the metaverse is the evolution of technology to connect
humans through the integration of virtual tools (worlds,
applications, and Al) that reflect the physical world or the
user’s imagination [7, p. 5].

A simplified conceptual understanding of the metaverse
describes it as “a space designed for users, by users (that can
satisfy whomever, whatever, however, wherever and
whenever). It manifests their extended reality, which is
facilitated through XR technologies.” [8, p. 86]. This
definition supports the usage of Industry 4.0 (14.0) enabling
technologies such as extended reality (XR), blockchain
(such as non-fungible tokens (NFTs)), artificial intelligence,
and Big Data [9, p. 577] outlined by various authors in the
development of the metaverse [10]-[15], [16, pp. 11-12].
The metaverse provides a virtual and immersive experience
[17, p. 1], [18, p. 20]. Thus, the metaverse is an evolving
construct of human existence, imagination, and desire
facilitated by emerging technologies.

Although XR enables the usage of the metaverse, it is
not a critical element. The latter "offers more enduring
content and social significance" whereas the former focuses
on the physical to virtual interactivity [8, p. 89], [16, p. 11].
Therefore, the metaverse is virtual but requires a medium in
the physical world to immerse humans in its features. The
following section outlines the genesis of XR technologies,
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their advantages and disadvantages, and predicted future
development and use.

b)  Extended realities (XR) such as AR, VR or MR

The idea of accessing a different reality originates in
Lewis Carroll’s 1872 book ‘Through the Looking Glass:
And what Alice Found There’ in which Alice Liddell uses a
mirror to enter a different reality [19]. It provides a
framework for interacting with virtual experiences [20] and
earns Carroll the term “fairy godfather of virtual reality”
[21]. Therefore, the concept of virtual systems evolved from
this point.

The following examples highlight a few notable
contributions to the technology's development, starting
from the 1930s. Edward Link’s 1931 patent of the Link
Trainer, which is an electromechanical flight simulator;
Stanley G. Weinbaum’s 1935 book ‘Pygmalion’s
Spectacles’ [22] about “a pair of goggles that makes the
wearer experience a fictional world through holograms,
smell, taste, and touch”; and Morton Heilig's 1962 patent of
the Sensorama, which coupled film with motion, sound,
wind, and aromas [23, p. 1]. In 1965 Ivan Sutherland wrote
‘The Ultimate Display', which credited Carroll through the
statement "with appropriate programming such a display
could literally be the Wonderland into which Alice walked"
[24]. He expanded the window concept in his 1968 paper
“A head-mounted three-dimensional display" [25] that
described the visual perspective “as if looked, felt, sounded
real and in which the user could act realistically” [26, pp. 1—
2]. In 1989 Jaron Lanier introduced the term virtual reality
(VR), and this visual immersive or interactive technology
evolved in cycles to the designs and modalities used today
[27].

There is ambiguity in the specific definitions of
augmented reality (AR), virtual reality (VR), mixed reality
(MR), and extended reality (XR) due to the spectrum of
immersions, presence and interactivity a user can
experience [28, p. 199], [29] and the difference between the
terms alternate and extended [30]. However, XR is the
general acceptance to group the technologies and
encapsulate the spectrum of digitally created immersive and
interactive environments [30], [31, pp. 3-5].

As such, human beings currently access two modes of
reality, physical and virtual, as "however real the physical
world is — which we never can really know — the virtual
world is exactly as real, and achieves the same status" [27,
p. 2]. It translates into differences in perception of reality.
Information about physical reality uses the senses of visual,
olfactory, gustatory, somatosensory, and auditory [27, p. 4].
These biological senses “protect the individual from
external and internal perturbations through a contact
delivery of information to the brain”[32, pp. 397-398].
Therefore, the experience of reality is through the brain's
interpretation of the signals generated by the stimulated
sense organs. As such, the immersive experience of the
metaverse requires a mechanism to stimulate specific senses
[33].

Access to the physical and virtual realities depends upon
the systems that enable the transition between them and the
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user experience required within the spectrum [8, pp. 88-89],
[30]. As such, no clear boundary exists, as it is case specific.
The following provides a simplified view of each modality.
VR head-mounted displays (HMDs) only enable viewing of
digitally created two-dimensional (2D) or three-
dimensional (3D) assets, which is the dominant perspective,
and prevents the user from seeing the physical world
simultaneously [6, p. 11]. This mode compromises safety as
the individual does not perceive physical hazards and
collides with stationary or moving objects. However, AR
glasses facilitate the view of the real world. A user can
safely navigate around and avoid physical objects. In this
mode, 2D or 3D assets enhance the existing perspective to
provide information in the form of a virtual layer of objects,
scenes, or effects [6, pp. 8-9]. It augments the physical
world [16, p. 15], [34, p. 28]. MR HMDs combine the
benefits of VR and AR to create a mixed mode that anchors
the virtual asset to a specific physical object [6, pp. 9-10]
that “allows the user to perceive depth and perspective”
accurately as distance to the virtual item changes [16, p. 15].

The visual perspective noted above is not the only
requirement for an individual immersed in the virtual realm.
The brain needs to receive signals from each sensory
perception system to believe the experiences in the virtual
world are real. Integrating separate sensory-specific systems
forms an XR immersive experience [35, p. 277].
Additionally, providing information for other senses
enables persons with impairments to perceive the virtual
world the same way they would in the real world. For
example, a visual-impaired person uses auditory and tactile
sensations to understand reality. As such, an inclusive and
equitable metaverse must be accessible to anyone.

The following examples highlight systems used within
each sensory category. Noise-cancelling headphones block
sounds from the physical world. It is similar to the visual
isolation in VR HMDs. Thus, the user only hears the
digitally created sounds that produce an immersive spatial
audio experience [36]. However, real-world sounds
detected by microphones and real-time data analysis enable
the user to hear sounds from the real world and those
digitally created to provide augmented hearing [37]. Haptic
feedback devices in gloves, clothing and other physical
objects (such as hand-held controllers and seats) stimulate
the somatic senses to provide the ability to touch and feel
virtual assets [33], [38], [39]. Olfactory technology
activates the sense of smell by producing particles near the
nose [40]-[42]. Rapid thermal stimulation of sections of the
tongue activates receptors to produce sensations of
“sweetness, fatty/oiliness, electric taste, warmness and
reduces the sensibility for metallic taste” when heated and
“mint taste, pleasantness, and coldness” when cooled [43, p.
1496]. A different approach uses galvanic stimulation of the
tongue to produce a "metallic or electric taste" or to enhance
taste without chemicals [44, p. 341]. Stimulating taste and
smell simultaneously via wind, odour, and temperature
enhances the virtual experience [45, p. 31]. Thus, physical
manipulators provide a sense of realism for the XR user [31,
p. 4]. The Sensorama device noted earlier created a multi-
sensory stimulated immersive environment.
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The following statements outline simplified differences
between VR, AR and MR. VR technology blocks stimuli
from the real world to create a completely virtual
experience. As such, the user only experiences the virtual
versions of light, sound, scent, taste and touch. AR enhances
the physical world of the user. As such, the user must
receive stimuli from the physical world and the virtual
world. MR combines the benefits of AR and VR. It enables
flexibility and choice of experience. It must encapsulate the
user's senses whilst providing the ability to perceive
external stimuli via a passthrough system. Thus, the
decision to use XR depends upon the need to access an
artificially created reality. It is necessary to understand the
advantages and disadvantages of this technology. The
following section expands on these points.

c) Advantages and disadvantages of XR

As an enabling technology of 14.0, XR provides the
same benefits within the business, process, and customer
segments [9, p. 577]. As such, the technology creates new
value that satisfies innovation, competitiveness, and
sustainability [8, pp. 83, 88]. The following generic scenario
provides the baseline to evaluate the advantages and
disadvantages. A user remotely views a system's parameters
to make an informed decision.

This example focuses on the benefits and opportunities
common to each segment. These are real-time access,
reduced loss of time, quality assurance, and information.

The ability of XR to "potentially enable scenarios
otherwise inaccessible or unreachable” and "improve
already existing practices" [31, p. 14] that "lie in enhancing
visual and spatial experience" [31, p. 20] with reduced risks
of being in the physical environment [46, p. 3] determine
the advantages. The following identifies specific cases. XR
removes the health and safety risks of physically travelling
to and interacting with the system. It also eliminates the
travel time and fuel expense to visit the system. The reduced
wear and tear extend the vehicle's reliability. The
elimination of vehicle emissions contributes to climate
change mitigation. XR allows the user to easily and quickly
identify and understand relevant data about the system. The
XR environment facilitates the user to recognise and
encourage changes created by the virtual disruption of
existing conditions [47, p. 372]. XR enables the user to
evaluate potential solutions to make a knowledgeable time-
dependent decision about multiple options. Brick-and-
mortar institutions that adopt this feature can offer new
markets the convenience, safety, and affordability of
accessing their products and services.

The disadvantages related to XR are “primarily related
to technical usability issues, undeveloped practices of
technology applications, and lack of resources” [31, p. 14].
The following points outline these areas. In the previous
scenario, there are equipment and application development
costs [48, p. 17]. Also, a user can experience health effects
such as eyestrain, nausea, faintness, simulator sickness, and
headaches from prolonged usage of the XR system [49, p.
11]. Accessing remote data can compromise cybersecurity
and lead to unauthorised access to the system's confidential
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data or unwanted manipulation of the data [50]. Electricity
consumption increases during the time of XR usage [51].
Low Internet bandwidth can reduce the visual quality of the
virtual images and increase the time to access the data [52].

However, the specific type of XR used determines the
advantages and disadvantages. A disadvantage of VR is that
the user does not perceive the real world [53, p. 364] and
would collide with obstacles. A benefit is that it provides a
higher level of focus due to complete immersion [54, p. 82].
AR adds the data as an overlay onto the physical worldview
so the user can operate safer but may cause confusion in a
remote scenario as the virtual image is present with any real
object the user sees [53, p. 365]. MR anchors the virtual data
to specific physical items to provide greater clarity and
perspective as the user position changes. The disadvantages
would be the additional costs (hardware, software, and
development) required to lock the virtual image onto the
physical object and make it dynamic. These examples
illustrate the ability to custom-make each viewer's reality
based on specific information related to the user [46, p. 4].

However, incorrect or insufficient data is a disadvantage
that offsets advantages. It can affect the user's perspective
within the environment, create conflict with the user's
expectation, or result in a wrong user decision. An example
is a user trying on a virtual watch before purchasing [55, p.
13], [56, p. 42]. A virtual wristwatch larger than a virtual car
can alter the viewer's perception of the distance between
objects. Differences between the design of the virtual watch
and the physical watch will lead to unsatisfied customers,
product returns, and reduced sales when customers receive
the physical item. Missing or poorly rendered details on the
virtual version can lead to low interest and potential
customers failing to purchase. The example outlines the
issue in the retail industry. However, erroneous data in an
XR environment can compromise safety in industry sectors
such as manufacturing, health, and construction. An
example in the health sector is where XR can "mislead
surgical operations from a desired outcome" [31, p. 15]. A
surgeon can damage a patient’s heart due to the incorrect or
missing virtual image of the laser and internal organs. The
operation's risk increases (possibly leading to the patient's
death) if the position of the virtual laser is on the correct
tissue to be lacerated but physically positioned on the main
artery supplying blood. In the example, the user believes the
reality of the immersive virtual environment.

The context of use and the XR type determine the pros
and cons. Therefore, there is no exhaustive list of
advantages or disadvantages that apply equally to AR, VR
or MR. As such, future research should focus on a
systematic review of existing benefits and issues of
applications to build a reference catalogue. It is beneficial
to use a proof-of-concept to evaluate the pros vs cons of
each use case to determine whether adoption should occur
[9, p. 581], [31, pp. 20-21], [57, p. 11]. Covid-19 created a
specific use case of remote work due to forced isolation.
This increased XR development and usage [28, p. 206].
Therefore, the need for XR after the pandemic will depend
upon the use cases. The subsequent section offers a look-
ahead at the post-pandemic future of XR.
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d) XR in a post-pandemic world

Currently, "XR applications have areas of foci that can
enable machine control or a data interface, designing and
testing, remote support, education, customer engagement,
remote collaboration, or entertainment and escapism” [8, p.
83]. The required physical isolation during the pandemic
would influence the future novelty of XR applications with
a focus on areas of remote accessibility [31, p. 20].
Therefore, XR removes the boundaries defined by the
physical environment. Thus, without any physical
limitations, a user can perform any task. As such, the future
of XR cases appears limitless.

Physical engagement would resume after the pandemic.
Thus, XR can offset the limitations and enhance the
experiences in the physical world. As such, a hybrid strategy
provides the benefits of both realities. Therefore, users will
have the flexibility of choice. The assessment of the task,
risks, timeframe and costs determines whether to engage the
physical, the virtual, or both realities. It involves a
comparison of the advantages and disadvantages of each
reality within the context, such as:

o Select the physical reality when XR risks are higher
o Select XR when the physical reality risks are higher

¢ Blended mode of the physical reality and XR when the
risks are the same

An example of a consumer purchasing groceries in a
post-pandemic world illustrates a low risk in the latter point.
The AR mode enables the consumer to verify the fruit's
visual quality via an application that compares the item with
the supplier's data. The need to inspect the firmness and
physically orient the fruit to check for bad parts occurs in
physical reality. There are minimal risks in the physical and
extended realities. The time of AR use is low. There is no
additional hardware expense as the AR application is on the
user's smartphone. There are no health effects from AR or
infected persons. There are no gas savings as the grocery
was along the route to the user's home. There is no
cybersecurity risk, as the user does not access confidential
data.

This example outlines the case when physical and XR
risks are high. A surgeon uses an MR HMD during a
complex surgery to view patient data and remotely
collaborate with medical experts. The high XR risks involve
the system costs, reliability and accuracy of the data, and
fatigue and nausea from prolonged use. Without the MR
device, the patient's risk is high due to increased human
error without simultaneous access to patient data and
experts within the field of view.

Therefore, in the post-pandemic period, the future use of
XR depends upon the risk assessment of the application.
Continuous development in XR will create additional use
cases, each evaluated as a proof-of-concept. The practicality
of this future depends upon the combinations of various
complementary technologies continually evolving to
facilitate the development of XR. This non-exhaustive list
identifies some of the enablers that drive this change:
lowered costs, display resolution, artificial intelligence,
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miniaturisation of wearables and sensory devices,
democratised development of XR applications, rendering
applications and algorithms, Cloud computing, Wi-Fi 6 and
6G, WebXR, open standards, brain-computer interface,
hand and eye tracking, haptics, GPS and other location
systems, and hardware specifically optimised for XR [6, pp.
12-16], [50]-[52], [58]-[62].

e)  Future scope of XR

The theoretical end of the XR evolution is the inability
to sense a different reality. The user is unable to differentiate
stimuli from the real and virtual worlds. It is no longer an
alternate or an extension of physical reality (not virtual, not
augmented, and not mixed). It will simply be one reality [27,
p. 37]. Thus, "there must always be some aspect of the VR
that does not conform with reality" as users "are directly
perceiving physical reality, then they are perceiving their
own physical reality” [27, p. 37]. Therefore, ideas that defy
reality, thus unreality, ensure the continuation of
development where the ultimate "goal is to shape it to create
moments that enhance the lives of people and maybe help
secure the future of the planet” [27, p. 38]. Human
imagination coupled with artificial intelligence can fuel this
development. They can form a symbiotic relationship
influencing each other in a continuous feedforward
evolution. The initial stages of this process exist with text-
to-image and text-to-3D platforms where users suggest a
text as the seed for artificially generated art or 3D objects
[63]-[67]. XR becomes an amalgam of technologies and
modalities that create this future.

To explore this idea of Al assistance, the researcher
asked OpenAl's ChatGPT, 'How does XR help in a post-
pandemic world'. After one generation, the model identified
the following results: virtual meetings, remote training,
virtual events, and virtual tourism. The descriptions focused
on areas of improving accessibility, safety, and
convenience. It also stated, "Overall, XR has the potential
to help people stay connected and engaged in a post-
pandemic world, even when it is not possible or safe to be
physically present.” [68].

However, the researcher notes a caveat with the Al-
generated response. The cut-off date for training the large
language model was 2021 [69]. Thus, it is beneficial to
perform a longitudinal study of the XR benefits post-
pandemic and compare it to the earlier predictions.

The metaverse and XR can offset effects from
disruptions within the physical reality, such as those
experienced in the Covid-19 pandemic. During this period,
the Caribbean region increased its attention to virtual
environments and activities. The following section focuses
on the Caribbean's evolution in the metaverse and XR.

B. The Caribbean’s metaverse evolution

The enforced social distancing and physical isolation
during the Covid-19 pandemic demonstrated the need for
virtual environments that would allow a degree of normalcy
in people's lives to facilitate remote activities such as
shopping, education, entertainment, and working from
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home [70]. Caribbean countries promoted entering the
virtual realm during this isolation period.

The following regional examples illustrate the country-
specific activities involving the metaverse and XR. Senator
Hassel Bacchus noted the importance of AR and VR in
Trinidad and Tobago to continue engagement in tourism,
Carnival, and education [71]. The Caribbean Industrial
Research Institute (CARIRI) launched a competition to
encourage AR and VR development in 2020, which
attracted 83 participants from Trinidad and Tobago [72],
[73]. Jamaican Minister of Parliament Lisa Hanna
advocated for NFTs in her country as a revenue-generating
mechanism [74], [75]. St. Vincent and the Grenadines'
planned to create a Carnival metaverse [76]. Barbados
started their development of an embassy in Decentraland
[77] and actively promoted content creatives' needs of the
metaverse [78]. These examples highlight the importance of
the virtual realm to the Caribbean and the need for creatives
to build virtual systems that continue to develop the regional
metaverse.

On a regional scale, XR companies created relationships
within the Caribbean to develop competencies. It is part of
the regional response to the need for virtual development.
EON Reality provided a grant to The University of the West
Indies (The UWI) for training and educating the Caribbean
on their EON-XR platform [79]. Meta partnered with the
Organization of American States (OAS) to provide training
in developing AR using their Spark AR platform [80].

These activities occurred during the pandemic period.
However, it was not the start of the Caribbean’s metaverse
evolution. The following examples identify XR projects
before the pandemic. Trinbagonian company Dingole
launched the virtual reality steel pan in 2017 [81]. In 2018,
the Caribbean Agricultural Research and Development
Institute (CARDI) launched the Caribbean Coconut
Industry Development Project (CCIDP) project to increase
awareness of coconut products via AR [82]. Next
Generation Creators used AR to create audience
engagement with art in a 2018 Jamaican art show [83].

There is a growing development of metaverse and XR-
based projects generated by Caribbean nationals that cover
areas such as art, music, and collectables; entertainment and
escapism; customer engagement; remote collaboration; and
education [8, pp. 91, 93]. These innovative digital products
and services strengthen the Caribbean's competitiveness and
sustainability and contribute to the continued evolution of
the metaverse [8].

C. Conclusion

The metaverse is a limitless virtual space that allows
users to perform any desired activity, such as shopping,
education, entertainment, and working from home. The
continuous evolution of technological innovations coupled
with human imagination shapes the users' virtual
experiences. VR, AR, or MR systems allow users to exist
within a spectrum between the physical and the virtual
realities and engage in the metaverse. XR is the collective
term for these alternatives or extensions of physical reality.
It is a mechanism to explore and engage in various
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immersive environments. As such, the virtual world mirrors
many activities performed in the real world. It provides
opportunities for expanding beyond the restrictions of the
physical world to create novel experiences.

The Caribbean’s development of XR projects occurred
before the pandemic. However, the Covid-19 isolation
requirements accelerated the region’s metaverse evolution.
After the pandemic, these developments can provide new
products and services that benefit from physical and virtual
realities to connect people, visit places, and perform tasks.
Therefore, there is an opportunity for Caribbean XR
developers to create their vision of the future, generate new
sources of revenue and establish a system to offset the
effects of future disruptions within the physical reality.

The purpose of this research is to explore Caribbean XR
developers’ experiences to provide an understanding of the
factors affecting their XR development. This paper
addresses the question: “What factors of influence will
encourage the development of XR projects in the Caribbean
to advance their metaverse development?” [8, p. 93]. An
online survey of qualitative categorical and free-response
questions, issued from July 2021 to December 2021,
captured answers from 77 Caribbean XR developers within
the region to answer the question. The previous research on
the evolving Caribbean metaverse development [8]
provided the basis for the questionnaire. This study
formulates a strategy for Caribbean XR development. It can
encourage and accelerate the metaverse evolution in the
region.

The following section outlines the methods to target
respondents, collect data, develop the survey questions, and
study the data. The remainder of the paper’s structure is as
follows: Section Il contains the results and analysis that
summarise the findings from the survey. Section 1V is the
discussion that identifies the factors of influence and creates
the XR development strategy. In the last section, the
conclusion introduces the need for a policy to support XR
development in the region.

Il. METHODOLOGY
A. ldentification and Collection of Primary Survey Data
a) Target Audiences

The 83-person cohort of the CARIRI AR/VR challenge
was the target, as it was the only public event on XR
development in the Caribbean as of July 2021. CARIRI
issued the questionnaire each month in July, August, and
September of 2021. It only received fifteen responses,
which is a response rate of 18%. The Raosoft online
calculator [84], [85, p. 3], [86, p. 11] recommends a sample
size of 45 for a population size of 83. The calculation uses
the minimum accepted values of 10% precision and 95%
confidence level [87, pp. 80-81], [88], [89, p. 053], [90, pp.
27-28], [91, pp. 740-741].

The low response rate and focus on Trinidad and
Tobago created the need to capture a broader Caribbean
response. The researcher modified the questionnaire and
issued it in October, November, and December of 2021. The
new target was anyone in the Caribbean involved in XR
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development. The following Internet-based methods

targeted respondents:

e Direct messaging to the researcher’s email and LinkedIn
contacts involved or associated with virtual
developments

e Mass messaging via LinkedIn groups’ posts, The UWI
marketing email service, and SurveyTandem

It was impossible to obtain an exhaustive list of persons
developing XR-based applications in the Caribbean, as
projects may not be publicly discoverable. Thus, the
population size of Caribbean XR developers is unknown.
The Rasoft sample size evaluation informs us that any
population above 250,152 has a minimum sample size, for
statistical validity, of 97 respondents. The survey
distribution channels for both questionnaires resulted in 77
valid responses.

b) Data Collection

Each respondent viewed a message that contained a link
to a Google Forms questionnaire. The Google Forms
application collected the anonymous responses and collated
the primary data into a spreadsheet [70, p. 5], [92]. It
received responses from a broader geographic audience than
could have been achieved by an in-person survey and
mitigated the limitations of the Covid-19 restrictions. This
method also eliminated the costs associated with phone calls
or travel.

c)  Survey Limitations

The limitations summarised below provide reasons for
the low response rate:

¢ Dissemination of an English-only questionnaire in a
multi-lingual region

e Only using Internet messaging platforms to reach
potential candidates

e Issuing each questionnaire for only three months

¢ Only accepting responses from persons over 18 years of
age

e Concerns raised by potential respondents that providing
the information would attract foreign stakeholders to
advance the XR environment in the Caribbean and not
benefit the local developers

B. Survey Questionnaire Development

The first part of the questionnaire recorded the
respondent’s country and consent. The questionnaire
comprised twenty-three qualitative questions segmented
into six thematic sections about the respondent’s experience
developing an XR project. The sections are status updates,
developmental costs, applications of the idea, process and
tools, skills, and participation in other activities. Twenty
questions contained categorical options (in the form of
multiple choices or checkboxes) for respondents to select.
Questions #9, #17 and #23 required free responses.

The first section, "Status update of your AR, VR or MR
idea”, contained one question which provides insight into
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the existing developmental stages of XR projects. In
addition, it is a summary progress report of XR
development approximately five months after the CARIRI
AR/VR challenge award ceremony in February 2021 [93].

The second section, "Development costs of your AR,
VR or MR idea”, grouped questions #2 to #6. It highlighted
the core resources (such as time, financial, and human
capital) required to be competitive in the global
development marketplace to sustain Caribbean XR
development. The basis of this section was the financial
sources for XR development [8, pp. 91-92] and lessons of a
democratised developmental environment [94].

The third section, "Applications of your AR, VR or MR
idea”, captured information about XR applications from
responses to questions #7 to #17. It encompassed the XR
applications’ areas of foci [8, pp. 89-90], Caribbean-based
XR projects [8, pp. 92-93], user experience (UX) benefits
[8, pp. 88-89], user interactivity within the virtual and
physical worlds [95, p. 115], and 14.0 strategy and its key
concepts [8, p. 88].

The fourth section, “Process and tools to develop your
AR, VR or MR idea", contained questions #18 and #19.
These focused on XR developers' approach to building XR
applications and linked them to human resource
requirements.

There was only one question (#20) in the fifth section,
"Skills needed to develop your AR, VR or MR idea". The
developers identified areas to enhance their competencies in
2D, 3D, AR, VR, and MR. It covered creating content,
modifying content, developing virtual scenes, creating
applications, and using XR developmental applications.

The final sixth section, "Participation in Caribbean AR,
VR or MR events or competitions”, was not included in the
first questionnaire sent to the CARIRI AR/VR challenge
participants. Instead, the answers to Q#21 identified the
respondents who participated in the CARIRI AR/VR
challenge competition. Submissions to Q#22 determined
whether there were any duplications between the two
questionnaires. Responses to Q#23 identified the existence
of other Caribbean XR-related events.

Questions #1, #2 and #5 focused on specific phases of
the XR application development process. For simplicity, the
four stages used as categories in these questions were
product concept idea, visual representation of the product
and its features, proof-of-concept or minimum viable
product, and final working product. In addition, this
segmentation captured responses about incomplete projects
and the financial and human resources needed within each
tier.

C. Analysis of Data

These data represent responses received during the
period from July 2021 to January 2022. The raw data,
converted into a percentage of the consented Caribbean
sample, enabled a comparative and inferential analysis of
the responses. In addition, it facilitated the identification of
selections made by at least 50% of the survey, the most
popular answer, and the least popular option.
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The researcher omitted vague responses from Q#9 from
the study as it was difficult to determine the use case to link
with the XR applications' areas of foci. The researcher
evaluated the open-ended answers of Q#17 for similarities
in keywords, context and theme to combine respondents'
answers.

Responses to Q#22 identified three persons who
submitted both questionnaires. Without any duplicated
email addresses, it was not possible to identify specific
submissions in the CARIRI-submitted questionnaire. Thus,
comparing the responses of the seven persons from the
CARIRI submissions, without an email address, to the
answers from the three who submitted both questionnaires
revealed that none contained the same answers to each
question. Furthermore, it showed that the developers used
different XR projects to answer each questionnaire. Thus,
these data were still valid for this study.

I1l. RESULTS AND ANALYSIS

The authors arranged this section to maintain the order
and grouping of the questionnaire to separate the different
types of information. The section titles from section 11l B
onwards are the same as in the questionnaire. It provides the
reader with the same format experienced by the
respondents. It provides additional clarity to their responses.

A. Geographic Segmentation of Survey Participants

Only 77 persons from 13 Caribbean countries consented
to participate in the survey. Fig. 1 illustrates the disparity in
the geographic representation. The two most significant
contributions were from Trinidad and Tobago and Jamaica,
representing approximately 73% of respondents. No single
country had 50% or more respondents.

1,3% _1.3% 26% _2,6%
1.3% it = Barbados

| 1,3% Cuba
' '/ 1.3% Curagao
/ 2,6% - Dominica
= Haiti
13% 91% = Suriname

40,3% = Dominican Republic
= Jamaica
= Trinidad and Tobago

= Grenada
‘ = Guadeloupe
/ = Puerto Rico
2 6% = Saint Kitts and Nevis

FIG. 1: SURVEY PARTICIPANTS SEGMENTED BY COUNTRY
B. Status Update of Your AR, VR or MR Idea

a) Q# 1. Identify the Stages of Development for
Your AR, VR or MR ldea

Fig. 2 illustrates the percentages of the combined
Caribbean responses segmented by the status of each project
phase category. Approximately 27% of the Caribbean
respondents were already working on various project
phases. An average of 41% planned to work on each
segment. Only 15.6% and 6.5% of developers were ready to
present their proof-of-concept and final working product.
Persons uninterested in completing those last two phases
averaged 17.5%. Therefore, most developers would not
have viable demonstrations. The data demonstrate the need
to encourage and assist in completing XR projects. It also

raises the question of the resources required to accomplish
that goal. The following section addresses this area.

Status of Project Phases

Proof of Concept or minimum [

viable product

Visual representation of the _

product and its features

Details of the product concept _

idea

Final working product

0% 20% 40% 60% 80% 100%

H Already working on it
M Plan to work on it
Completed and ready to present

Not inteterested in developing it

FIG. 2: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED THE STATUS OF THEIR PROJECT PHASES

C. Development Costs of Your AR, VR or MR Idea

a) Q# 2. Are You Able To Fund Various Parts of
Your AR, VR or MR Idea?

Fig. 3 provides a visual breakdown of the fund
allocation  priorities at different project phases.
Approximately 23% identified funding for the project
concept phase. An average of 32.5% wanted funding to
develop a visual representation or proof-of-concept. More
than half of the respondents (58.4%) required financial
assistance to complete their XR project. The data show an
increase in the funding needs as the project evolves from the
concept to the final working product. It demonstrated that
more funding opportunities should target completing the
final phase of the XR project. An average of 51% of not
requiring funding during the first two phases supports the
recommendation.

Fund Allocation Priorities

Develop the final working _
product

Develop the Proof of
Concept or Minimum _
Develop a  visual
representation of the
Develop the details of the _
product concept idea -
0% 20% 40% 60% 80% 100%

Viable Product
product and its features

® Funding required m No funding required

I do not know the cost
FIG. 3: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES

THAT IDENTIFIED FUND ALLOCATION PRIORITIES AT
DIFFERENT PROJECT PHASES
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The 50% criteria limit revealed two funding priorities
below. The percentage of persons who did not need funding
for the concept stage was approximately equal to those who
required it during the final working product stage. It
suggests that any funds allocated for the initial phase should
shift towards the end of the project. However, this decision
depends on what the funds procure.

e No funding is needed to develop the details of the
product concept idea (55.8%)

¢ Funding required to develop the final working product
(58.4%)

b) Q# 3. What is the Type of Software Licence that
Was or Will be Used to Develop the Proof-of-concept or
Minimum Viable Product?

Software Licence Type for Use in PoC or MVP

I did not/will not use any

software 12% Free full version to use forever

18%

One-time
purchase
13%

Subscriptior
required
18%

Free trial period with full
features 12%

FIG. 4: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED SOFTWARE LICENCE PURCHASE TYPES
FOR USE IN PROOF-OF-CONCEPT OR MINIMUM VIABLE
PrRoDUCT

The Fig. 4 pie chart illustrates the responses' selection of
software licence types. The data demonstrated that an
average of 15.6% required a financial investment to make a
one-time payment or lease the software's licence. It also
identified that 11.7% did not or will not use software to
develop an XR-based project. Understanding how to build
a virtual application without software needs further
research.

The respondents' choices of free software licence
categories consist of the free version to use forever (18.2%),
a free option with limited features (13%), a free trial period
with full features (11.7%), and a free full version without
generating revenue, after which requires a subscription
(14.3%). A combined value of 57.1% of respondents shows
a clear preference for free software. However, it varies in
the specific features and the time of use. It raises the
question of the type of features that developers prefer. The
only selection made by at least 50% of the group was the
amalgamation of various categories of free software.

c) Q# 4. What Features Do You Look for in
Software Used to Create Your AR, VR or MR ldea?

Based on the data, the priority of software feature
selections would first be easy-to-use, then the ability to
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integrate into various hardware and software platforms,
followed by low-cost or free, with fast deployment and low-
technical requirements being the final choices.

The two selections under 50% were fast development
(48.1%) and low-technical requirements (46.8%). The low
priority of these features raises questions about human
resource requirements throughout the project and the time
to complete a working prototype. The characteristics
identified by 50% or more of the responses highlighted the
minimum needs of the software:

e Easy to use (71.4%)

o Integrated into various hardware and software platforms
(66.2%)

o Low-cost or free (51.9%)

d) Q# 5. What Human Resources Do You Expect to
Need to Develop Your AR, VR or MR Concept?

Fig. 5 illustrates the human resource requirements in
each project phase. In the initial project phase of the concept
development, 53.2% of respondents identified that they
could develop it by themselves. However, the percentage
decreased in the subsequent steps to 9.1% in the final phase.
The choice to hire developers increased from 10.4% in the
first phase to 48.1% in the final stage. The decrease in doing
the project alone corresponds to a simultaneous increase in
the decision to hire developers (either from within the
CARICOM region or the international market).
Nevertheless, in each stage, the reliance on a partner or team
remains essential. An average of 43.5% of users selected
this option for each phase.

Human Resourse Requirements at Different Project
Phases

Develop the final working u
product

Develop the Proof of Concept or
Minimum Viable Product L

Develop a visual representation
of the product and its features L

Develop the details of the product I

concept idea
0% 20% 40% 60% 80% 100%

m | can develop it by myself
| can develop it along with a partner or team
Hire AR, VR or MR developers from the CARICOM region

Hire AR, VR or MR developers from the international market
(outside CARICOM)
FIG. 5: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED HUMAN RESOURCE REQUIREMENTS AT
DIFFERENT PROJECT PHASES

Thus, a single person can perform the initial concept
development. However, progress towards the visual
representation of the product requires assistance. The data
demonstrated that specialist developers became vital for
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completing the XR project as its complexity increased. It
also highlighted the importance of choosing partners or
team members with the requisite skills to assist in the
various phases to prevent the need to employ developers.
Only two choices captured at least 50% of the responses,
which were:

e Development of the product concept idea by oneself
(53.2%)

e Development of a visual representation with a team or a
partner (50.6%)

e) Q#6. In Your Assessment, How Much Time is
Needed to Develop Your Proof-of-concept or Minimum
Viable Product?

Approximately 80% of people could not provide a
feasible working prototype within eight hours. It is
highlighted by the selection of each of the following time
frames: 8-40 hours (14.3%), 40-160 hours (18.2%), 160-
480 hours (23.4%), and over 480 hours (23.4%). It shows
that there is no specific time range that a majority of
developers would take. However, a small percentage of
responses (1.3%) noted that a proof-of-concept would be
completed within 8 hours, thus highlighting the possibility
of a fast turnaround. The range of responses indicated that
the time to develop an XR project's working prototype
depends on other factors and would require further
exploration. At least 50% of the respondents identified no
option.

D. Applications of your AR, VR or MR idea

a) Q# 7. What Type of XR Project Do You Want to
Create?

An average of 25% of the respondents selected VR or
MR, and only 14.3% selected AR. Projects with only two
combinations of XR types were not a priority for many
respondents, which comprised 10.4% for AR and VR, 3.9%
for AR and MR and 2.6% for VR and MR. However, this
contrasted with the 18.2% that selected a focus on projects
that covered all XR types. These data raise the question of
which industry would benefit from XR. However, at least
50% of respondents did not select the XR type.

b)  Q# 8. Select ANY of the Economic Areas in
Which Your AR, VR or MR Idea Will Be Used

The top ten respondent percentages identified a priority
list of industries, such as education (63.6%), tourism
(42.9%), information and communication (39%), human
health and social work activities (37.7%), professional,
scientific and technical activities (31.2%), real estate
activities (23.4%), construction (22.1%), manufacturing
(18.2%), agriculture, forestry and fishing (16.9%), other
service activities (16.9%), arts, entertainment and recreation
(15.6%) and accommodation and food service activities
(15.6%). However, the last selected area was electricity,
gas, steam and air conditioning supply (1.3%). This
grouping demonstrates the possibility of developing XR
applications in any economic area. Therefore, determining
whether an AR, VR, or MR project adds value to that sector
should be the deciding factor. It raises questions about the
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types of usage, areas of focus, and core benefits of XR
applications.

c) Q#9. What Will Your AR, VR or MR Idea Be
Used For?

Table | presents respondents' answers with clear and
unique details of the project examples. It shows the range of
projects and the identified XR applications' areas of foci.
The respondents' ideas demonstrated that XR projects could
focus on the following specific categories:

e People: tourists, travellers, students, women in art,
financially challenged, local businesspeople, laboratory
technicians, deaf people, YouTube streamers and
viewers

o Locations: the coral reef, heritage sites, the Moon, Mars,
Earth

e Purpose: as practical (hands-on) training and
preparation, monitoring, measurement, planning,
development (of land, building and infrastructure),
peaceful conflict resolution, inspiring, entertainment,
creating supportive communities, advertising and
promotion, shared remote experiences, picturing sound
as text, exploration, locate and access critical services

In Table I, Vtubing identified by a respondent refers to
using avatars as a replacement for using an actual image of
a streamer on YouTube, in which motion capture or
keyboard input provides the image's animation [96], [97].

TABLE I: EXTRACTED FREE RESPONSES HIGHLIGHTING
CLEAR AND UNIQUE XR PROJECTS LINKED TO XR

APPLICATIONS’ AREAS OF FocCI

Caribbean XR Application Examples

XR Applications’ Areas of
Foci

Giving hands-on training and virtual practical
exams nationally and then worldwide with free
access to those who cannot afford it

Training, Education,
Understanding

Learning,

Develop the layout of our utilities' infrastructure
and how it interacts with other physical
elements

Design,
Evaluation

Planning, Testing,

Developing competencies to address conflict-
related issues peacefully

Training, Education,
Understanding

Learning,

To stir tourism activity and to provide a new
way for the local market to advertise

Customer engagement;
Entertainment, Escapism

To support shared recreational experiences
between and among remote participants

Remote collaboration;
Entertainment, Escapism

To promote coral reef conservation

Training, Education, Learning,
Understanding; Customer
engagement

Measurement of Carry-On Baggage

Machine control, Data interface

Making biology laboratory technicians more

Promotion of art created by women mostly

efficient and teaching students biology Training, !Educatlon, Learning,
- Understanding
laboratory skills
Customer engagement;

Entertainment, Escapism

Mainly assisting tourists to locate/interact with
critical services

Remote support; Entertainment,
Escapism

Help students prepare for a racing competition

Training, Education,
Understanding

Learning,

AR for lunar exploration

Training, Education,
Understanding

Learning,

Use VTubing to create content that inspires,
entertains and creates a community of people
where we support one another through this
creative outlet

Entertainment, Escapism; Design,
Planning, Testing, Evaluation

Developing lost/dilapidated heritage sites

Design,
Evaluation

Planning,  Testing,

Public information translation for deaf people

Remote support

Livestock monitoring

Machine control, Data interface

Planning the construction of Martian Habitats
and its implementation on Earth

Design,  Planning,  Testing,
Evaluation
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d) Q# 10. What Are the Areas of Focus For Your
AR, VR or MR Idea?

Respondents identified their preference for the areas of
foci, such as education (71.4%), entertainment (46.8%),
remote collaboration (39%), customer engagement (36.4%),
design and testing (35.1%), remote support (31.2%), and
machine control and data interface (22.1%). Although
education was the most popular selection of the responses,
Table I illustrates the presence of the other foci based on the
specific XR application.

e) Q#11. What Are the Core Benefits of Your AR,
VR or MR Project?

The respondents selected the benefits, such as
augmented human contact (53.2%), reduced time of tasks
(40.3%), lower cost (36.4%), reduced errors (33.8%), a
replacement for monitors or paper (33.8%), increase the
focus of workers (32.5%), and free hands (23.4%). The
majority preference for augmented human contact suggests
a need to improve the information an individual obtains
from interacting with real and virtual environments. Thus,
questions about haptic feedback, user experience, and real-
world interactivity become valuable.

f)  Q#12. Is Haptic Feedback an Integral Part of
Your AR, VR or MR Idea?

The responses demonstrated no clearly defined
preference for the inclusion of experiential feedback
technology, as 50.6% selected 'No'. It suggests that haptic
systems are not a standard requirement of an XR
application. Therefore, other variables influence the
decision to implement the technology. It becomes a focus
for future research to understand its use.

g) Q# 13. How Will a User Experience the Virtual
Environment of Your AR, VR or MR Project?

Most respondents chose the need to have users
experience an active viewing environment (76.6%). It
identified the importance of the user determining the
viewing area and required the virtual environment to change
based on that selection. The second most selected option
was character engagement (51.9%), in which a virtual
avatar can interact with virtual objects. The options chosen
by less than 50% of the survey were physical engagement
of sensory organs (40.3%), character and scene engagement
(36.4%), and passive viewing (24.7%). The top two
selections focused the UX priority on having visual freedom
with interactive and dynamic virtual assets that respond to
changes in the user inputs. Although only approximately
40% selected the physical engagement of sensory organs, it
supports future haptic research. It will help to understand
whether the degree of sensory realism only using sight (as
the user views the virtual worlds) is as effective as haptics.

h)  Q# 14. Identify How Will You Want the User to
Interact With the Real World When Using Your AR, VR or
MR Idea?

The graph in Fig. 6 illustrates the respondents’ binary
decision in providing the user with various methods to
interact simultaneously with the real world. Approximately
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68% of the respondents noted that users were not required
to be stationary, 61% confirmed that users would move
through the physical world while using their XR project,
and 53.2% would provide the ability to interact physically
with the real world. However, 59.7% of the participants did
not require users to be physically active. Therefore,
although a user does not need physical activity in virtual
space, mobility and interactivity with the physical world
should be a feature component. It raises the question of the
different features of an XR application, as outlined below.

User Requirement for Simultaneous Interaction with
Real-World

User needs to be stationary -
User needs to be physcally
active (as jumping, running, -
User needs to move through
the real world (as walking, _

climbing, stooping, kicking,
etc)
cycling, driving, etc)

User needs to physically

interact with the real world _

(touch and/or move objects)

0% 20% 40% 60% 80% 100%

mYes mNo

FIG. 6: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED USER REQUIREMENT FOR SIMULTANEOUS
INTERACTION WITH THE REAL WORLD WITHIN THE XR
PROJECT

i)  Q#15. Select the Features that Your AR, VR or
MR Idea Will Have

Fig. 7 and Fig. 8 illustrate the selection of preferred XR
features. The responses identified the top three as easy and
fast to understand and use (72.7%), changes in the physical
or digital world automatically update to alter the virtual
object that informs the user (62.3%), and virtual objects' and
environments' features change to suit the specific task
requirements (57.1%). This minimum list identified critical
criteria that should be present to facilitate an adaptive virtual
experience with a short user learning curve. It supports the
preference for accessing information in Q#11 and virtual
adaptability identified in Q#13.

This feature selection also provided insight into the
applicability of the 14.0 key concepts [8, p. 88] specific to
an XR project. The developers' choices highlighted a
preference for decentralised and integration of value chains
versus the other 14.0 key concepts of evolution, connected,
and intelligent systems (Fig. 7). However, the majority of
the survey did not select any of these options. It
demonstrates a lack of alignment with the 14.0 strategy.
Therefore, designing the XR application with a focused 14.0
strategy would improve each key concept so that the
enabling technology would achieve the full benefits of 14.0
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[9, p. 577]. The data also show that more developers
selected more UX than 14.0 elements.

XR Project Features Linked to I4.0 Key Concepts

Create new revenues and reduce
ts gh linkin .
s toroagh } e Integration of value
complimentary activities in :
different departments, companies
and geographies

System is self-reliant and
understands the purpose and
makes decisions based on data

Ability to function without a
permanent physical or digital
link to other systems

Links the user to other virtual
and/or physical systems that
provide additional data

Changes and adapts to a vanety
of conditions as different users,
tasks and environments

. o
14 H &

Evolution

0.0% 20.0% 40.0%

FIG. 7: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED FEATURES OF AN XR PROJECT LINKED TO
14.0 KEY CONCEPTS (IN WHITE)

XR Project Features Linked to UX Benefits

Easy and fast to understand and
use

Intuitive

Hands-free to perform tasks -Free

Customisable for the needs of
each user and each specific task

Virtual objects” and
environments’ features change to
suit the specific task requirements

Changes in the physical or digital
world are automatically updated
to alter the virtual object that
informs the user)

117

Relevant

00% 20.0% 40.0% 60.0% 80.0%

FIG. 8: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED FEATURES OF AN XR PROJECT LINKED TO
USER EXPERIENCE (UX) BENEFITS (IN WHITE)

Although there is an inherent preference for UX, a
focused UX strategy can adopt all the features, such as being
relevant, contextual, customised, hands-free and intuitive
(Fig. 8). This improved user experience will increase the
value of using the XR application. However, it only focuses
on the individual using the application. Therefore, UX alone
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will not encourage innovation within the industry or region.
Whereas adopting 14.0 leads to UX benefits and innovation.
It raises the question of encouraging innovation and
improving the Caribbean.

j)  Q# 16. How Will Your AR, VR or MR Idea
Encourage Innovation?

Innovation Encouragement via XR Project

Create a culture of passion for
change and accepting risk

Recognising and learning from
failures

Disruption to existing systems
to create something new

Monitor and measure the
presence of opportunities and
quickly inform decision
makers

Recognise and encourage

change

Strategies and methods that
implement and manage change

0% 10% 20% 30% 40% 50% 60%

FIG. 9: PERCENTAGE OF COMBINED CARIBBEAN RESPONSES
THAT IDENTIFIED METHODS OF INNOVATION
ENCOURAGEMENT VIA AN XR PROJECT

Responses over 50% selected two approaches XR
projects can encourage innovation: recognise and encourage
change (55.8%) and disruption of existing systems to create
something new (50.6%). Therefore, the XR system achieves
innovation by deliberately disrupting the pre-existing
environment to force an evolution. It identifies, develops
and sustains the new value created. The methods correspond
to the 14.0 key concepts as the evolution and integration of
value chains (Fig. 7). This reinforces the need for adopting
an 14.0 strategy which can satisfy the innovation
requirements [47]. Fig. 9 identifies the other methods that
XR projects use to encourage innovation. It provides future
developers with a checklist their XR project can satisfy.

k) Q# 17. How Will Your AR, VR or MR Idea
Improve the Caribbean Region?

The respondents' answers demonstrate that the
implementation of XR projects in the Caribbean can provide
various improvements, which are an outcome of adopting
the 14.0 strategy [9, p. 577] and reinforces its importance in
XR development. Evaluation of the combined responses
identified associated sector activities and XR applications'
areas of foci (Table I1). They depend on the specific type of
XR improvement project, as shown in Q#7 (Table I). Table
Il illustrates the following Caribbean sector activities and
specific subsets: education, healthcare, tourism, culture,
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manufacturing for export, construction, entertainment,

game

development, agriculture, and environmental

protection. These areas are part of the economic sector
activities selected by the respondents (Q#8). Developers can
use this list as an initial reference guide to identify target
sectors for their XR applications. Any industry or sector can
adopt the general improvement strategies listed below. As
XR can encourage innovation and improve the Caribbean,
it raises questions about how and who will develop the
virtual elements that make up an XR project.

TABLE

Reduce time of tasks (including job durations), errors
and overall production costs to increase response time,
production, productivity and efficiency of organisations
(such as in a biological laboratory) and develop growth
through new revenue streams that will create a
competitive advantage

Greater efficiency when working across borders and
long distances through improved remote work

Empower users to feel more confident making decisions
in the physical world by providing decision-makers with
easier access to critical data

Provide an alternative form of communicating
information (such as public health or disaster
management) to nationals (that would also visually
benefit persons hard of hearing)

Enhance the ability to demonstrate remotely or
experience products or services

Introduce creativity and adaptability to change to
improve reliability and interaction

Interconnect regions and industries to facilitate
technology innovations and improve outcomes for
stakeholders, such as increased employment, more
significant interactions and enhanced problem-solving
approaches

Advance digital transformation to improve the
transactions and interactions between people and their
environment (such as making it easier to carry out tasks
and services)

Provide an avenue for creativity, expression and
fulfilment through the use of VTubing that allows
people to be more of who they are and explore
themselves

Advanced technology understanding and adoption in the
region through education to develop ICT competency
that will create more opportunities for innovation which
will also broaden the scope of computer science within
the Caribbean with the potential to make XR and Web
3.0 the standard

Cost reductions in various sectors (such as health and
security) by advocating peace

II: SUMMARY OF COMBINED SURVEY FREE

RESPONSES OF XR PROJECTS IMPROVING THE REGION
LINKED WITH SECTOR ACTIVITIES AND XR APPLICATIONS’
AREAS OF FOCI
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Potential Improvements in the| Sector |XR Applications’ Areas
Caribbean Activities of Foci

Connecting and engaging people|

(including  adult  learners)

remotely to continue thei

educational progress provide 4

new educational modality to

improve the way learners (such

as early childhood students ag Training, Education,
well as persons in theEducation  |Learning, Understanding;
manufacturing and  defence Remote Collaboration

industries) are taught (as learning
fundamentals before the actual
activity) and interact with topics|
(as human anatomy) as well as|
provide training to increase
technical capabilities

Increase client and public
acceptance of projects by
enabling them to virtually
experience the completed spaces
and continuation of construction
sector  activities  (planning,
improving logistics, work site|
safety assessments and future
development) during  social
distancing requirements

Construction

Customer  engagement;
Design, Planning, Testing,
Evaluation; Remote|

Collaboration

Support improved health, well-
being, and social connectedness
(including a focus on seniors in|
healthy ageing) to improve the
quality of healthcare through|
remote experiences

Human
land

\work activities

health

. [Remote support; Remote|
social

Collaboration

Promotion, preservation,
education and cost reduction of
cultural products and activities
(such as Carnival) through
remote virtual interactions

Tourism; Arts[Training,
entertainment
and recreation

Customer  engagement;

Education,
Learning, Understanding;
Remote collaboration;

Entertainment, Escapism

Increase tourism promotion and|
revenue through virtual maps and
targeted adverts highlighting
attractions as well as the ability]
for anyone to virtually visit
difficult locations (such as the|
ability of non-divers and non-
swimmers to see the coral reefs)

Tourism; Arts,
entertainment
and recreation

Customer  engagement;
Entertainment, Escapism

Create and promote "Caribbean-
made" innovations and products
[for the export market

Customer  engagement;

Manufacturing[Design, Planning, Testing,

Evaluation

Enable the Caribbean diaspora to
access regional
remotely

Arts,

entertainmentientertainment
and recreation

Entertainment, Escapism

Promote regional game and XR
development and enable easier|
and faster content creation and
interactive  experiences  to
increase monetisation of new
revenue streams (to reinvest into
the community's growth) as well

countries and their culture tha
will also position the region as an|
added value technology solution|
provider (as leaders in innovation|
and not just followers of trends)

IArts,

entertainment
as using the medium to markeﬂand recreation

Customer  engagement;
Design, Planning, Testing,
Evaluation

Cultivate environmental

stewardship

IAgriculture,

forestry
[fishing

Training, Education,

and Learning, Understanding

Encourage persons to adopt
farming by predictively viewing

IAgriculture,

forestry

the potential of their crops

[fishing

andCustomer engagement
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E. Process and Tools to Develop Your AR, VR or MR
Idea

a) Q# 18. How Will the Following Virtual Elements
Be Developed For Your AR, VR or MR Idea?

Selection of Virtual Elements Segmented by Methods
Used to Develop XR Project

Realistic effects (as textures,
lighting, etc)
|

Asset animations (interactions of gy
objects and scenes as motion,
collision, deformation,

i |
transformation, etc)

2D or 3D scenes (as rooms,

buildings, landscapes, worlds, etc)
|

2D or 3D objects (as tables, cars,

humans, trees, animals, etc)
|

0% 10% 20% 30% 40% 50%

m | do not know about this item m | do not use this item

Use existing item as-is Modify existing item

m Create new item

Fic. 10: PERCENTAGE OF COMBINED CARIBBEAN
RESPONSES THAT IDENTIFIED THE SELECTION OF VIRTUAL
ELEMENTS SEGMENTED BY THEIR METHODS OF USE TO
DEVELOP AN XR PROJECT

Fig. 10 illustrates the presence of virtual elements in the
developer's XR projects. It also segments the items into the
type of use. Approximately 40% to 50% of the respondents
created or modified each virtual element: objects, scenes,
animations, and realistic effects. The preference for
modification was slightly larger than that for the creation of
most of the types. The exception category was scenes (such
as rooms, buildings, landscapes, and worlds). The
percentage of the survey that used an as-is item was lower
than the number of people creating or modifying it.
Therefore, the focus on creating or modifying highlights the
need to customise elements to suit the specific requirements
of an application's purpose and design. It provides an active
and immersive user experience. It supports the people,
location, and purpose identified in Q#9. The most
significant use of an as-is item was for realistic effects (e.g.,
textures and lighting), at 37.7%. It suggests that developers
usually find the appropriate products to implement
compared to other as-is elements.

At least 50% of the respondents did not choose any
selection. Between 3.9% and 13% did not use any elements.
A small percentage (1.3% to 6.5%) noted they did not know
about the specific virtual item. These data did not provide a
clear majority selection. However, they demonstrated
objects, scenes, animations and effects used in XR projects.
The respondents' answers highlighted the need for a content
development environment (for creation or modification)
and a marketplace (for pre-built elements) [8, pp. 90-91].
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b)  Q# 19. Who Will Develop Various Elements of
Your AR, VR or MR Idea?

Human Resource Allocation to Develop Virtual
Elements

Develop 2D and/or 3D

applications e

Use pre-existing 2D and/or 3D
assets directly in applications | ——

Modify pre-existing 2D and/or
3D assets and use them in
applications

Create 2D and/or 3D content
|

0% 10% 20% 30% 40% 50% 60%

Contractor/Consultant m Employee

Colleague/Partner m Myself

FiIGc. 11: PERCENTAGE OF COMBINED CARIBBEAN
RESPONSES THAT  IDENTIFIED HUMAN RESOURCE
ALLOCATION TO DEVELOP VIRTUAL ELEMENTS OF AN XR
PROJECT

This question focused on different developmental
categories of 2D or 3D, or both elements as creating content,
modifying existing assets, using pre-existing assets, or
developing applications. Fig. 11 provides an additional level
of detail to the answer. Approximately 44% to 55% of the
survey noted they could complete any categories alone.
Between 50% and 60% of respondents identified the
assistance of a colleague or partner in developing any of the
items. An average response of 14% in each employee
segment category indicated that it was not an essential
requirement. However, survey participants had an unequal
preference for the items provided by contractors or
consultants. Approximately 44% of developers selected a
contractor or consultant for the application development
category. In contrast, an average of 29% allocated external
assistance to each one of the other categories.

The responses show the importance of having a
colleague or partner develop any elements. However, a
higher portion of the survey identified the ability to use pre-
built assets alone. This category also has the lowest
percentages of using contractors. The capability to do it
unaided suggests a less complicated process, a lower
technical requirement, easier use, or faster use. In contrast,
the developing application category has the lowest
percentage for doing it alone and the highest percentage for
a contractor. It demonstrates the increased difficulty in this
segment and the increased reliance on a contractor, which
supports the human resource preferences in Q#5. Therefore,
developers would benefit from a democratised process to
facilitate the development alone through a platform that is
easy to use, fast, has a low technical requirement and is used
on various platforms [8, pp. 90-91]. As such, an important
question is the skills needed to develop components of an
XR project. At least 50% of the sample identified the
following options:
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e Modify pre-existing 2D or 3D, or both assets with a
colleague/partner (59.7%)

e Create 2D or 3D, or both content by myself (50.6%) or
with a colleague/partner (55.8%)

e Develop 2D or 3D, or both applications with a
colleague/partner (55.8%)

e Use pre-existing 2D or 3D, or both assets by myself
(54.5%) or with a colleague/partner (50.6%)

F. Skills Needed to Develop Your AR, VR or MR Idea
a) Q# 20. Which of the Following Areas Will You
Want Training to Develop Your AR, VR or MR Idea?

XR-Focused Training and Development Segmented by
AR, VR, MR, 2D, and 3D

Using AR, VR or MR
developmental applications

Creating applications

Developing virtual scenes

Modifying content

Creating content

0% 10% 20% 30% 40% 50% 60%

u MR (Mixed Reality)
VR (Virtual Reality) 3D
m2D

AR (Augmented Reality)

FIG. 12: PERCENTAGE OF COMBINED CARIBBEAN
RESPONSES THAT IDENTIFIED XR-FOCUSED AREAS OF
TRAINING AND DEVELOPMENT SEGMENTED BY AR, VR,
MR, 2D, AND 3D

This question addresses the training and development
required in creating content, modifying content, developing
virtual scenes, creating applications, and using XR
developmental applications. Fig. 12 illustrates the
segmentation of each category into 2D, 3D, AR, VR, and
MR to identify the specific training focus. The respondents
identified MR as the most popular requirement in each
category, ranging from 54.5% to 59.7%. Approximately
50% of the survey identified a need to develop skills in
using AR developmental applications and creating AR
applications, whereas 41.6% to 46.8% noted other areas.
The lowest area of need was for any 2D training, averaging
19.5% across all categories. Within this segment, the
greatest need was to create content (23.4%). It was also the
highest requirement for 3D training (41.6%). The highest
percentage within the VR segment was for training in
developing virtual scenes (54.5%). The smallest was for
modifying content (39%).

There was no consistency among the lowest or highest
selections of segments within a specific category. It
demonstrates that training depends on the developer's needs.
The mixed reality was the only segment selected by over
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50% of the sample across all categories. It shows that MR
is more complex and requires a greater focus on training.
Therefore, the developer's competency level and the XR
project complexity should determine the type of training.
The selections identified by at least 50% of the respondents
were as follows:

¢ Modifying content for MR (55.8%)
e Creating content for MR (54.5%)

¢ Developing virtual scenes for VR (54.5%) and MR
(54.5%)

o Creating applications for VR (51.9%) and MR (54.5%)

¢ Using XR developmental applications for VR (50.6%),
AR (51.9%) and MR (59.7%)

G. Summary of Survey Analysis and Results

The following table summarises the criteria selected by
at least 50% of the respondents and the most popular
selection within this grouping. It highlights the critical areas
of foci. For clarity, since the latter is a subset of the former,
there is no duplication in the column "At least 50%". The
table also lists the least popular option(s). These could be
expendable based on the requirements of any limitation. The
table does not include summaries for the free responses in
questions #9 and #17.

TABLE Ill: SUMMARY OF COMBINED SURVEY RESULTS
FocuseD ON CRITERIA WITH POPULAR AND LEAST

POPULAR OPTIONS IDENTIFIED BY RESPONDENTS
Most Popular

Criteria At Least 50% Least Popular

(>50%)
Completed and
XR project ready to present
status (Q#1) the final working
product
Fund Funding No funding is
. required to|No funding is needed to develop .
allocation - required to
P develop the[the details of the product .
priorities final working|concept idea devel_op the final
(Q#2) product working product
Free software Free trial period
Software (an with full
licence  type|amalgamation features; | did
(Q#3) of all free not/will not use
types) any software
Required Integrated into various hardware .
software Easytouse |and software platforms; Low Low-technical

requirement

features (Q#4) cost or free
Hire developers
Human Development . from outside
Development of a visual| CARICOM to
resource of the product . ith devel h
requirements |concept  idea representation with a team or a|develop the
(Q#5) by oneself partner details of the
y product concept
idea
Proof-of-
Concept Less than 8hrs
development
time (Q#6)
;(R project Combined VR +
ocus type MR
(Q#7)
Economic .
areas of XR- Electricity, gas,
- steam and air
focused Education L
conditioning
development supply
(Q#8)
Training,

Machine control
and data
interface

XR areas of|education,
focus (Q#10) |learning,
understanding
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- Most Popular o
Criteria (>50%) At Least 50% Least Popular
XR project
core  benefits hAuur?];nneg:)ntact Free hands
(Q#11)
Haptic
feedback
preference No Yes
(Q#12)
Active
viewing Passive viewing,
enables  the . |in which users
XR project UX |virtual Character engagement Wh'.c h have no control
_ allows the user to interact with
(Q#13) environment | . : over the changes
virtual objects . N
to change in their virtual
based on the environment
user's input
User Users need to move through the
simultaneous |Users do not|physical world; Users do not
" .~ |Users need to be
real-world need to be[need to be physically active; stationar
interaction stationary Users need to interact with the Y
(Q#14) physical world
thnges in the physma}l 0T 1he system s
digital world are automatically self-reliant  and
XR project|Easy and fast|updated to alter the virtual object understands its
features to understand|that informs the user; Virtual urnose and
(Q#15) and use objects’ and environments’ purpose,

- makes decisions
features change to suit the based on data
specific task requirements

Monitor and
Innovation . measure the
Recognise and | . . . presence of
encouragement encourage Disruption of existing systems opportunities
via the XR g to create something new P :
roject (Q#L6) |C12N%€ and  quickly
p inform decision-
makers
(I)Dfevelopr\r/ﬁﬁal I do not know
about 2D or 3D
elements obiects
(Q#18) !
Create 2D or 3D, or both content|Using an
Modify  pre-|by myself or with a colleague or|employee for
Human existing 2D or|partner; Develop 2D or 3D, or|either  creating
resource 3D, or both|both applications with a|2D or 3D, or both
allocation assets with a|colleague or partner; Use pre-|content and
(Q#19) colleague  or|existing 2D or 3D, or both assets|developing 2D or
partner by myself or with a colleague or(3D, or both
partner applications
Modifying content for MR;
XR-focused  \Using  XR gzevzgllggin C(i/r;:iz];l sfcoernestE;
training  and|developmental ping . .~ [Modifying 2D
o VR and MR; Creating
development |applications - ?|content
(Q#20) for MR applications for VR and MR;
Using XR  developmental
applications for VR and AR

IV. DISCUSSION

The combined CARIRI AR/VR and Caribbean XR

Development questionnaires captured 77 respondents from
13 Caribbean countries. It provided anecdotal evidence of
the requirements for XR developers to create applications.
These data add value to the XR body of knowledge. It
captures information from individual experiences and
points to the areas needed to advance the region's XR and
metaverse development [8].

Two countries (Trinidad & Tobago and Jamaica)
produced the most responses. It may mean that some of the
inferences drawn do not accurately reflect the entire
Caribbean region. Nevertheless, the analysis of the
summary of results (Table I1l) produced the following
learnings: support mechanisms, project requirements,
applications’ thematic elements, and an XR development
strategy. The first section of the support mechanism focuses
on finance, as the authors’ previous work identified the
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availability of global funding to develop XR applications [8,
pp. 91-92].

A. Support Mechanisms Needed to Develop XR ldeas

a) Financial

The data show that the final phase of most XR projects
requires funding. However, the priority is not software
procurement or payment to developers. The preference for
free-to-use software supports this point (Q#3). Similarly, a
few respondents required assistance in developing 2D or
3D, or both dimensions for content or applications, which
would also achieve financial savings (Q#19). However, a
project's increased complexity in the final stage requires
dedicated time and focus by the developers to complete it.
The increased difficulty level and time demand also
determine the use of external assistance through contractors
or consultants (Q#5). Therefore, project complexity creates
a need for a financial support mechanism. It also dictates the
developer's competency level to execute complex projects
satisfactorily within an acceptable timeframe. Training and
development are essential factors in support mechanisms.
The following section discusses this area.

The data indicated that it was rare for any project's
completion to be within 8 hours and that almost half of the
respondents identified a time longer than 160 hours (Q#6).
This demand on time becomes a limiting factor for those
involved in creating their initial concept idea. As such, a
factor not considered in the research was whether the core
team (either an individual or a group of colleagues or
partners) spent time on other sources of income. Could this
be why an average of 51% did not require funding during
the first two phases (Q#2)? Although this would alleviate
the need for funding in the early phase, it would impact their
time allotment to the project. Therefore, one hypothesis is
that many respondents engage in XR development during
their spare time (away from substantive employment). As
such, it hinders accelerated activity in the XR development
space. Hence, there is a need for more investments in
Caribbean XR development to contribute to the region's
economic growth.

Therefore, the following two criteria should determine
the funding recommendation. The project's complexity
affects each option.

e Need to accelerate a project’s timeline
e Time dedication to work on the project

One solution is investment funding from various
international  sources for Caribbean XR project
development [8, pp. 91-92]. However, not all of these
opportunities are available to Caribbean developers. They
may also require the application to be developed on a
specific platform and have an area of focus outside the
original scope of the initial project. In addition, regional
developers face increased competition from experienced
non-Caribbean entrants. Thus, the developer must have a
clear application strategy that aligns with international
opportunities. Alternatively, self-financing can become an
option by selling elements of the virtual project as an NFT
(as illustrated by the existing Caribbean NFTs [8, p. 91]).
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Therefore, to support this regional development, there is a
clear need for a focused Caribbean XR funding system
agnostic to the development platform and the application
foci.

b)  Training and Development

The results showed that most respondents did not
require training and development to modify 2D content,
such as in simple XR projects (Q#20). However, developers
need additional time to acquire the necessary skills for
developing projects that require creating or modifying
content, scenes, or applications for MR (Q#20). It highlights
the increased complexity of MR-based projects. Thus, any
team focusing on this area would be disadvantaged and
potentially require more focused training. Therefore, it is
essential to determine the user demand for MR applications
or whether VR or AR systems can satisfy project
requirements. Hence, project complexity is a critical factor.
It influences the type of software development platform
required to build the XR project.

B. XR Project requirements
a) Software

A critical need was access to free software. Although the
specific type varied, the free full version to use forever
received the highest selection within this category (Q#3).
However, time-limited access to the development software
would not be adequate for most XR projects, given that the
estimated proof-of-concept development time would be
longer than 8 hours and may extend to over 480 hours
(Q#6). The least popular selection was the free trial period
with full features. It indicates that most respondents
preferred a more extended period of access to all free
software features. It also supports the selection of the free
full version to use forever. It also affects the financial
support received. The Financial section noted this point.
This assessment raises the question of whether developers
in the Caribbean know the availability of free software
platforms (such as Unity, Unreal Engine, Blender, and
Roblox) that can offset the monetary requirements of XR
applications [8, p. 90].

The need for easy-to-use software and its ability to
integrate into various hardware and software platforms
(Q#4) reinforced the demands on time. Thus, time is another
factor in project requirements. It is the focus of the next
section.

b) Development Time

The ability to demonstrate the potential of a proof-of-
concept depends on the time taken to develop various virtual
elements (objects, scenes, animations, and realistic effects).
This period influences the funding recommendations of the
project, as discussed in the Financial section. The preferred
software feature options, which are easy to use with the
added ability to integrate into various hardware and
software platforms (Q#4), reflect the ability to save time in
creating, reusing, or modifying elements and using them in
other systems. It suggests that development time is a
limiting factor in a developer's ability to bring projects
quickly to this stage. As such, choosing appropriate
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developers with the required competency level affects the
timely and successful completion of the project. The
following section outlines this human resource need. The
last selected software option, a low-technical requirement
(Q#4), indicates that most respondents were competent in
using developmental systems. Hence, there was no need to
spend time learning the system.

A project's duration can be affected by its complexity.
Such as the type and number of virtual elements and their
required interactions and effects. It involves the following
areas:

o Number of iterations involved in creating a new item or
modifying an existing one

o Difficulty in finding suitable pre-existing elements to
reuse or modify

¢ Cyclical nature of the proof-of-concept testing phases

e Inexperienced developers (which relates to the human
resource needs of the project)

¢) Human Resource Capacity

It is possible to advance through various project phases
as an individual developer. Despite this, the data clearly
illustrated that the preferred option is to form a viable team
with a colleague or partner rather than employing assistance
(Q#5 and Q#19), which would require financial support.
However, as noted in the previous sections (Financial,
Training and Development, and Development Time), an
increase in project complexity can extend the development
time and the need for specially skilled developers.
Therefore, complex project deliverables with specific user
features and completion deadlines need outside assistance
to achieve them.

Identifying specific project components to subdivide
and share among additional workers can help manage the
time and skill requirements to complete virtual elements in
parallel. Adequate assignment of the separated tasks
depends upon mapping each individual's competency
against the project outcomes. This ability requires the
application to be modular. This decentralised ability would
effectively split the workload and then facilitate the
integration of the finished sections to produce the completed
application on time. As such, a project team's composition
and size may vary depending upon the application's
thematic elements, completion timelines, and range of
capabilities the lead developer possesses.

C. XR Applications’ Thematic Elements
a) Learning Theme

Many developers identified education as an economic
activity area (Q#8) and a core area of focus for their XR
projects (Q#10). Previous research identified education as
the preferred area of focus for XR applications [8, pp. 89—
90]. Thus, every XR project should incorporate an
educational component. It can be any item that will enable
the user to learn, understand, or train on a specific objective.
Therefore, users should not be discouraged from using these
educational components. Hence, the application is intuitive.
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It should not have barriers to entry and should encourage
users with all levels of experience and knowledge of XR
systems. Approximately 73% of the respondents reinforced
this point, believing that potential customers would benefit
from an easy and fast project to understand and use (Q#15).
Hand gestures and speech recognition to operate the
application [98] satisfies this requirement. A secondary
benefit of these nonverbal elements is the improvement in
the social engagement between users in a virtual
environment. The following section outlines this as the
second thematic element.

An extension of the learning theme includes the ability
to recognise and encourage change, thereby encouraging
innovation within a system. Disrupting an existing system
to create something new requires users to understand the
effects of change and identify its benefits. Thus, there is a
relationship between innovation and learning [99], [100].
The focus on learning to develop innovation is based on
change, and not precisely, an opportunity. The survey
results support this point (Q# 16) because the ability to
"monitor and measure the presence of opportunities and
quickly inform decision makers” was the least popular
option to encourage innovation.

b)  Social Engagement Theme

Another popular requirement is to augment human
contact (Q#11). It enables more significant interaction
among users in the virtual space. In addition, it would
facilitate the social requirement of the application using
various forms of verbal and nonverbal communication, with
the latter requiring the identification of facial cues and body
language. Any social platform must be inclusive and
consider an individual's communication difficulties. For
example, a respondent's project outlined this need, as it
focused on enabling the translation of audio input for deaf
people (Q#9). Emerging technologies in XR speech
recognition research [101], [102] and the conversion of sign
language into text [103] support this need. Therefore, the
subsequent section will focus on physical movement
because it is integral to social engagement.

c) Physical Movement Theme

The respondents noted that freedom of movement
within a real-world space is an application feature. Although
this was not a mandatory requirement, at least half of the
survey respondents highlighted the ability to provide that
choice to the user (Q#14). Therefore, although users did not
need to be physically active (e.g., jumping, running,
climbing, stooping, or kicking), facilitating their movement
(e.g., walking, cycling, or driving) was necessary. It
suggests that the application aligns with how the average
person typically traverses daily.

The survey results showed that the hands-free use of an
XR application is not a primary benefit (Q#11). It indicates
that developers expected users to hold (or manipulate or
operate) a device while engaging in the immersive
experience. For example, the device triggers changes in the
virtual environment or allows users to interact with virtual
objects. As the last selected item in Q#13, passive viewing
supported this idea. This need highlights the applications'
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ability to adapt to various types of inputs. The subsequent
section outlines this area.

However, advancements in haptic gloves [38], [104],
hand-tracking systems [105]-[107], eye-tracking systems
[108]-[110] and voice-controlled instructions (via speech-
to-text features) [111] used in XR applications would
alleviate the need for the user to hold a controller physically.
It allows users to naturally interface with the virtual
environment as they would in the real world and to remove
barriers to physically challenged people [112]. As noted in
the previous section, these technologies improve social
engagement among users. The ease, cost, time, and training
required to implement these features demand further
research.

d) Adaptability Theme

Developers identified the need for their application's
virtual elements to be responsive to changes in the user's
physical or digital worlds and customised to the specific
task performed (Q#15). This real-time feature provides a
relevant and contextual immersive experience. It depends
on the availability of data to implement the changes.
However, it does not require an intelligent system (because
it is data-driven). Furthermore, it does not need to be self-
reliant and to understand the purpose of making decisions
(which was the least selected option of the XR project
features of Q#15).

Adaptability is also a benefit of adopting the 14.0
strategy since one of its key concepts is evolution [8, p. 88].
This ability to change based on different conditions
highlights the importance of identifying the factors that
influence the development of XR projects. The following
section highlights these factors.

D. XR Development Strategy
a) Factors of Influence

The following factors (Table 1V) would influence the
development of an XR project.

TABLE IV: FACTORS OF INFLUENCE AND THEIR MINIMUM
CRITERIA REQUIRED TO DEVELOP XR PROJECTS

Factors of Influence Minimum Criteria
Funding focused on the final phase can
support project complexity and reduce
completion time

Financial

Training and

development Required for projects with increased

complexity

Software Free and easy to use

Development time Create projects faster

Colleague or a partner to form a viable

Human resource
team

XR application should be intuitive to

Learning theme - .
use and encourage innovation

XR application should be inclusive
and enable human interaction for all
types of users

Social engagement
theme

Physical movement
theme

XR application should allow the user
freedom of movement

XR application should provide

Adaptability theme relevant and contextual experiences
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A summary of the support mechanisms, project
requirements and XR application's thematic elements make
up the factors. The minimum criteria outline the baseline
level for an XR application during the development
process. The next phase is to identify critical items of the
application, which become the design foci.

b)  Design Foci

An XR application has three key design foci: the user,
purpose, and location (Q#9 and Q#18). A user refers to
people who use the system. The purpose comprises users'
functional activities and how they experience them.
Location is a virtual representation of any imagined space
and the users' physical positions. Each category is essential
to provide a unique, customisable, and immersive
experience that forms the UX. A successful project is
specific to the characteristics of the design foci, as shown in
the following examples:

e A tourist can virtually walk through and explore an
island’s historic buildings

¢ A medical student trained to perform open heart surgery
on a virtual patient in an operating theatre

This level of specialisation could make it challenging to
have one XR project with interchangeable foci. However,
XR is a member of the 14.0 enabling technologies. Thus, a
design strategy can satisfy the 14.0 key concepts of
evolution, decentralisation, connected systems, intelligence,
and integration of value chains. Therefore, the XR project
can achieve the 14.0 benefits in the business, process and
customer segments [9, p. 577]. Thus, the same user with the
same hardware systems would be able to experience a
different purpose and location through software upgrades or
project application modifications. A modification of the
previous examples enables the tourist to visit the island's
embassy to apply for a visa and the medical student to
practise appendectomy to remove the appendix. It
demonstrates that variations in XR applications with similar
purposes and locations can be accomplished by reusing pre-
existing virtual elements, such as objects, scenes, asset
animations, and realistic effects.

The ability to separate specific elements of the project
(by decentralising the purpose and location of virtual assets)
enables the evolution of the application to suit different
tasks of the same user. Furthermore, it allows the new
conditions to be adaptive to the change by being
intelligently connected to the other assets, including the
user. It ensures the seamless provision of pre-existing and
new values that will facilitate the integration of value
chains. It reinforces the importance of incorporating the 14.0
strategy into the design process.

In addition, each of the design foci can become
interchangeable to create multiple unique immersive user
experiences, such as:

e Interchanging the tourist with the engineer will enable a
different user in the first example who will be able to
virtually inspect and evaluate a construction site to
verify the structural integrity of the building in real-time
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¢ Replacing the patient with open heart surgery in the

operating theatre with an unresponsive drowning victim

on a beach will enable lifeguards to practise CPR

(Cardiopulmonary resuscitation) techniques on a variety
of people and conditions in a safe location

e The project's financial and temporal limitations affect t

he ability to create new virtual elements, reuse or modify
existing ones, and produce variants of an XR application.
Financial factors include payments to software, assets, and
developers. The imposed time limitations depend upon the
need to satisfy customer demand for new projects or the
ability to launch an application before a competitor or
submit it before a funding offer deadline.

Each design focus depends on the adoption and
satisfaction of three independent strategies, 14.0, UX, and
financial, including their specific options and limitations.
The following section outlines the application's economic
sector as it affects each design focus that shapes the final
XR project.

¢) Economic Sector Selection

The survey responses provided a reference guide that
developers can use to select an initial area of focus on one
or more of the following: education (identified as the most
popular choice), healthcare, tourism, culture, manufacturing
for export, construction, entertainment, game development,
agriculture, and environmental protection (Q#17).

The XR application's user, purpose, and location design
criteria influence the suitability of the economic sector.
Thus, multiple sectors can use one application with minimal
modifications, as illustrated by the following three
examples. University students can use a virtual surgical
training application to learn surgical techniques (the
educational sector). Medical staff in a hospital can use an
altered version to collaboratively plan a surgical procedure
(human health and social work activities sector). Further
changes to the application enable it to be part of a game
environment where players accumulate rewards to save
lives (arts, entertainment, and recreation sector). These
adaptations make the XR application scalable across
horizontal industries.

Alternatively, demand from a specific sector will create
a pull effect to drive the focus of XR development in a
particular direction. However, it is worth noting that
developing an XR application to serve a specific industry
sector does not guarantee that target users will adopt it.
Again, this indicates the need for XR developers to be
adaptable and flexible.

Demand in different economic sectors can be
accelerated through financial benefits directly from entities
within the industry group (such as revenue generation from
purchased XR projects or NFTs of virtual elements) or
through a funding agency, which directly affects the
financial strategy component. Compete Caribbean is an
example of a funding agency which allocates finances to the
region to improve sectors such as tourism, agriculture,
financial services, information and communication and the
blue economy [113].
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d) XR Development Strategy Summary

The development of an XR project depends on the
design foci of its application. The specific parameters of the
user, purpose, and location depend on the interaction of
three independent strategies: 14.0, UX, and financial. The
developer should design the application to meet a minimum
set of criteria identified in the factors of influence to satisfy
the needs of a specific economic activity area (or industry
sector), which can outline the conditions of the financial
strategy. An alternative approach to the industry sector
determining the design foci is to match the application's
final parameters with potential sectors to identify the best fit
or sectors that only require minor changes to the final
project. Fig. 13 summarises this process.

XR Development Strategy

Design Foci
User | Purpose | Location
14.0 UX
Strategy Strategy

Fic. 13: SUMMARY PROCESS DIAGRAM OF AN XR
DEVELOPMENT STRATEGY

Economic Area of
Activity
(Industry Sector)

Factors of
Influence
(min. criteria)

Financial
Strategy

V.CONCLUSION

The Caribbean's metaverse evolution began before the
pandemic with the development of regional XR projects and
NFTs of creatives' art, music, fashion, and collectables that
enable unlimited engagement with customers throughout
the global marketplace [8]. The Caribbean’s interest in the
metaverse and XR accelerated during the Covid-19
pandemic due to the effects of physical isolation. Therefore,
encouraging and accelerating the development of XR
projects is essential to the growth of the regional metaverse.
XR also strengthens the region's innovation,
competitiveness, and sustainability to offset the effects of
disruptions on physical reality. In 2020, CARIRI launched
an AR/VR challenge to encourage XR development in
Trinidad and Tobago. The competition attracted 83
participants. Thus, this study's purpose is to answer the
question: What factors of influence will encourage the
development of XR projects in the Caribbean to advance
their development? An online survey distributed from July
2021 to December 2021 throughout the Caribbean obtained
responses from 77 people across 13 regional countries. The
survey's analysis provided answers that enabled the creation
of an XR development strategy. It can encourage and
accelerate the metaverse evolution in the region.

Content creators can benefit from this strategy. It is a
framework for designing an XR application to meet the
consumer's needs. Creators can use the approach to select
the specific design foci (of the user, the location, and the
purpose). It affects the level of immersion to create
experiences for each type of user performing a unique task
in a specific area. The parameters of each design foci
depend upon the adoption and satisfaction of three
independent strategies: 14.0, UX, and financial. The factors
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of influence and the selected economic area sector(s) (or
industry sector(s)) form the boundary of the design foci.

The factors of influence define the minimum criteria
needed for the project. They comprise the support
mechanisms  (financial as well as training and
development), project requirements (software, development
time, and human resources) and XR application thematic
elements (learning, social engagement, physical movement,
and adaptability).

The economic area sectors are those that will apply the
application. It can also affect the financial strategy. A
reference guide for selecting suitable sectors includes the
areas of education (identified as the preferred option),
healthcare, tourism, culture, manufacturing for export,
construction,  entertainment, game  development,
agriculture, and environmental protection. These sectors
can narrow down the potential areas of XR application
research and funding activities. The strategy also facilitates
using an existing XR application’s design foci to determine
other suitable industry sectors that could benefit. It increases
the horizontal scalability of the application with minimal
modifications.

As such, there are two possible directions for a
developer to follow. One is to create an XR project that will
satisfy the most extensive user base, and the other is a niche
application focused on specific user demands. The use of
data would improve the outcome of each choice. Therefore,
there is a need for continuous research into the Caribbean's
demand side of XR applications to determine user-based
variables that affect the development strategy. For example,
research done in the United States of America focused on
questions that identified the "owverall penetration and
adoption" [114] and the “critical mass to attract content
developers en masse" is dependent upon a minimum of 10
Million users on a specific platform [115].

The acceleration of the developmental process to reduce
the completion time and encourage more creators depends
on financial strategy. It should incorporate financial
mechanisms, such as generating revenue directly via the
sale of virtual elements in the form of NFTs or attracting
investments from various entities. The investors should
focus on assisting Caribbean developers to get to market
faster, such as the Compete Caribbean funding agency.

However, it raises the question. Does the Caribbean
region have the potential to engage in the XR space in a
meaningful way? Therefore, factors that can support the
development of the sector policy-wise can answer the
question. This policy connection would require future
research involving the evaluation of the proposed XR
development strategy with Caribbean stakeholders.

The survey had a response rate that highlighted the need
for a more inclusive data-gathering approach to obtain
feedback from non-respondent countries. It skewed the
regional exercise due to an unbalanced representation. Thus,
it is essential to know this limitation. As such, it will be
valuable to identify the population size of persons involved
in XR development in the Caribbean in future work.
Respondents highlighted this problem in their responses to
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questions #21 and #23. It demonstrated a missed
opportunity in participants entering the CARIRI AR/VR
challenge competition and the lack of other specific XR
events in the region. The only other Caribbean-specific XR
event identified by respondents was via EON Reality
through their partnership with the UWI. However,
respondents identified other competitions in which they
could enter an XR project, such as OECS Green
Entrepreneurs, IET Caribbean PATW, Idea to Innovation
(i2i) and Digital Jam. An update to this work is the addition
of the IDB Lab Metaverse Community Challenge launched
on the 25 of October 2022 [116]. Hence, there were two
XR development events open to the entire Caribbean.

This paper presents an XR development strategy to
encourage and accelerate XR projects. The value of this
strategy is that it enables content creators to design an XR
application to meet the needs of the consumer, increase the
regional adoption of the 14.0-enabling technologies (AR,
VR, or MR), and achieve the 14.0 benefits of innovation,
competitiveness, and sustainability. The impact of the
research on the Caribbean is to facilitate a path to the
regional metaverse evolution.

REFERENCES

[1] N. Stephenson, Snow Crash, 1st ed. United States: Bantam Books
(US), 1992.

[2] Metaverse Standards Forum, “Evolving an Interoperable
Metaverse,” 2022. [Online]. Available: https:/portal.metaverse-
standards.org/document/dl/3321

[3] M.Ball, The Metaverse: And How it Will Revolutionize Everything.
New York, New York, USA: Liveright , 2022. Accessed: Jul. 07,
2022. [Online]. Available: https://www.amazon.com/Metaverse-
How-Will-Revolutionize-Everything/dp/1324092033

[4] C. Fink, “Book Review: The Metaverse, And How It Will
Revolutionize Everything, By Matthew Ball,” Forbes, Jul. 06, 2022.
https://www.forbes.com/sites/charliefink/2022/07/06/book-review-
the-metaverse-and-how-it-will-revolutionize-everything-by-
matthew-ball/ (accessed Jul. 07, 2022).

[5] J. Sun, W. Gan, H.-C. Chao, and P. S. Yu, “Metaverse: Survey,
Applications, Security, and Opportunities,” ACM Comput. Surv,
vol. 1, no. 1, p. 35, Oct. 2022, doi: 10.48550/arxiv.2210.07990.

[6] L.Zhu, “The Metaverse: Concepts and Issues for Congress,” 2022.
[Online]. Available:
https://crsreports.congress.gov/product/pdf/R/R47224

[7]1 J. Anderson and L. Rainie, “The Metaverse in 2040,” Washington,

DC, USA, 2022. [Online]. Available:
https://www.pewresearch.org/internet/2022/06/30/the-metaverse-
in-2040/

[8] J. R. Rameshwar and G. S. King, “Caribbean Metaverse
Development: A Literature Review Perspective,” Journal of
Metaverse, vol. 2, no. 2, pp. 83-99, 2022, [Online]. Available:
https://dergipark.org.tr/en/pub/jmv/issue/71114/1120470

[9]1 J. R. Rameshwar and G. S. King, “Case Studies in Engineering and
Technology Innovation in the Caribbean: A focus on EduColCom
and BevCom,” in Proceedings of the International Conference on
Emerging Trends in Engineering & Technology (IConETech-2020),
2020, pp. 574-584. doi: 10.47412/EBWB6632.

[10] S. Mystakidis, “Metaverse,” Encyclopedia, vol. 2, no. 1, pp. 486—
497, Feb. 2022, doi: 10.3390/encyclopedia2010031.

[11] S.-M. Park and Y.-G. Kim, “A Metaverse: Taxonomy, Components,
Applications, and Open Challenges,” IEEE Access, vol. 10, pp.
42094251, 2022, doi: 10.1109/ACCESS.2021.3140175.

[12] N. G. Narin, “A Content Analysis of the Metaverse Articles,”
Journal of Metaverse, vol. 1, no. 1, pp. 17-24, 2021, Accessed: May
08, 2022. [Online]. Available:
https://dergipark.org.tr/en/pub/jmv/issue/67581/1051382

62

Rameshwar and King

[13] Muhammet Damar, “Metaverse Shape of Your Life for Future: A

bibliometric snapshot,” Journal of Metaverse, vol. 1, no. 1, pp. 1-8,

2021, Accessed: May 08, 2022. [Online]. Available:
https://dergipark.org.tr/en/pub/jmv/issue/67581/1051371

[14] S. B. Hall and M. Baier-Lentz, “3 technologies that will shape the
future of the metaverse — and the human experience,” World
Economic Forum, Feb. 07, 2022.
https://www.weforum.org/agenda/2022/02/future-of-the-
metaverse-vr-ar-and-brain-computer/ (accessed May 01, 2022).

[15] J. D. N. Dionisio, W. G. Burns III, and R. Gilbert, “3D Virtual
worlds and the metaverse: Current status and future possibilities,”
ACM Comput. Surv., vol. 45, no. 3, pp. 1-38, Jun. 2013, doi:
10.1145/2480741.2480751.

[16] K. G. NALBANT and S. AYDIN, “Development and
Transformation in Digital Marketing and Branding with Atrtificial
Intelligence and Digital Technologies Dynamics in the Metaverse
Universe,” Journal of Metaverse, vol. 3, no. 1, pp. 9-18, Jun. 2023,
doi: 10.57019/jmv.1148015.

[17] H. SERPIL and D. KARACA, “The Metaverse or Meta-
Awareness?,” Journal of Metaverse, vol. 3, no. 1, pp. 1-8, Oct. 2023,
doi: 10.57019/jmv.1093347.

[18] G. DEMIR, M. ARGAN, and H. DINC, “The Age Beyond Sports:
User Experience in the World of Metaverse,” Journal of Metaverse,
vol. 3, no. 1, pp. 19-27, Nov. 2023, doi: 10.57019/jmv.1176938.

[19] L. Carroll, Through the Looking Glass: And what Alice Found
There. Macmillan Children’s, 1872. [Online]. Available:
https://books.google.tt/books?id=aOKruPEWBQEC

[20] J. E. Stevens, “The growing reality of virtual reality,” Bioscience,
vol. 45, no. 7, pp. 435-439, Aug. 1995, doi: 10.2307/1312785.

[21] M. Saler, “Through the Looking-Glass,” The Wall Street Journal,
Jun. 05, 2015. https://www.wsj.com/articles/through-the-looking-
glass-1433537885 (accessed Dec. 23, 2022).

[22] G. Kao, J. Hong, M. Perusse, and W. Sheng, “The Rise and Fall of
Virtual Reality,” in Turning Silicon into Gold, Apress, Berkeley,
CA, 2020, pp. 133-139. doi: 10.1007/978-1-4842-5629-9_19.

[23] C. Cruz-Neira, M. Fernandez, and C. Portalés, “Virtual Reality and
Games,” Multimodal Technol. Interact. 2018, Vol. 2, Page 8, vol. 2,
no. 1, p. 8, Feb. 2018, doi: 10.3390/MT12010008.

[24] L E. Sutherland, “The Ultimate Display,” in Proceedings of IFIP
Congress Volume 65 No. 2, 1965, pp. 506-508. [Online]. Available:
http://papers.cumincad.org/data/works/att/c58e.content.pdf

[25] L E. Sutherland, “A head-mounted three dimensional display,” in
Proceedings of the December 9-11, 1968, fall joint computer
conference, part | on - AFIPS ’68 (Fall, part I), Dec. 1968, vol. 33,
no. pt 1, p. 757. doi: 10.1145/1476589.1476686.

[26] P. Cipresso, I. A. C. Giglioli, M. A. Raya, and G. Riva, “The Past,
Present, and Future of Virtual and Augmented Reality Research: A
Network and Cluster Analysis of the Literature,” Front. Psychol.,
vol. 9, no. November, p. 20, Nov. 2018, doi:
10.3389/fpsyg.2018.02086.

[27] M. Slater and M. V. Sanchez-Vives, “Enhancing Our Lives with
Immersive Virtual Reality,” Front. Robot. Al vol. 3, no. December,
p. 47, Dec. 2016, doi: 10.3389/frobt.2016.00074.

[28] B. Matthews, Z. S. See, and J. Day, “Crisis and extended realities:
remote presence in the time of COVID-19,” Media Int. Aust., vol.
178, no. 1, pp. 198-209, Feb. 2021, doi:
10.1177/1329878X20967165.

[29] P. Milgram and F. Kishino, “A Taxonomy of Mixed Reality Visual
Displays,” IEICE Trans. Inf. Syst., vol. E77-D, no. 12, pp. 1321-
1329, Dec. 1994, Accessed: Jan. 31, 2021. [Online]. Available:
https://search.ieice.org/bin/summary.php?id=e77-d_12_1321

[30] P. A. Rauschnabel, R. Felix, C. Hinsch, H. Shahab, and F. Alt,
“What is XR? Towards a Framework for Augmented and Virtual
Reality,” Comput. Human Behav., vol. 133, p. 107289, Aug. 2022,
doi: 10.1016/j.chb.2022.107289.

[31] M. Vasarainen, S. Paavola, and L. Vetoshkina, “A Systematic
Literature Review on Extended Reality: Virtual, Augmented and
Mixed Reality in Working Life,” Int. J. Virtual Real., vol. 21, no. 2,
pp. 1-28, Oct. 2021, doi: 10.20870/1JVR.2021.21.2.4620.

[32] J. Kipnis, “Immune system: The ‘seventh sense,”” J. Exp. Med., vol.
215, no. 2, pp. 397-398, Feb. 2018, doi: 10.1084/jem.20172295.

.: BY This work is licensed under a Creative Commons Attribution 4.0 International License. .: BY



Journal of Metaverse

Rameshwar and King

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

S. H. Ko and J. Rogers, “Functional Materials and Devices for XR
(VR/AR/MR) Applications,” Adv. Funct. Mater., vol. 31, no. 39, p.
2106546, Sep. 2021, doi: 10.1002/adfm.202106546.

I. M. WISNU BUANA, “Metaverse: Threat or Opportunity for Our
Social World? In understanding Metaverse on sociological context,”
Journal of Metaverse, vol. 3, no. 1, pp. 28-33, Dec. 2023, doi:
10.57019/jmv.1144470.

E. Freeman, G. Wilson, D.-B. Vo, A. Ng, I. Politis, and S. Brewster,
“Multimodal feedback in HCI: haptics, non-speech audio, and their
applications,” in The Handbook of Multimodal-Multisensor
Interfaces: Foundations, User Modeling, and Common Modality
Combinations - Volume 1, ACM, 2017, pp. 277-317. doi:
10.1145/3015783.3015792.

G. Kailas and N. Tiwari, “Design for Immersive Experience: Role
of Spatial Audio in Extended Reality Applications,” Smart Innov.
Syst. Technol., vol. 222, pp. 853-863, 2021, doi: 10.1007/978-981-
16-0119-4_69/FIGURES/7.

F. Z. Kaghat, A. Azough, M. Fakhour, and M. Meknassi, “A new
audio augmented reality interaction and adaptation model for
museum visits,” Comput. Electr. Eng., vol. 84, p. 106606, Jun. 2020,
doi: 10.1016/j.compeleceng.2020.106606.

D. Sim, Y. Baek, M. Cho, S. Park, A. S. M. Sharifuzzaman Sagar,
and H. S. Kim, “Low-Latency Haptic Open Glove for Immersive
Virtual Reality Interaction,” Sensors 2021, Vol. 21, Page 3682, vol.
21, no. 11, p. 3682, May 2021, doi: 10.3390/S21113682.

T. Romanus, S. Frish, M. Maksymenko, W. Frier, L. Corenthy, and
O. Georgiou, “Mid-Air haptic bio-holograms in mixed reality,”
Adjun. Proc. 2019 IEEE Int. Symp. Mix. Augment. Reality,
ISMAR-Adjunct 2019, pp. 348-352, Oct. 2019, doi:
10.1109/ISMAR-ADJUNCT.2019.00-14.

Y. Yanagida, T. Nakano, and K. Watanabe, “Towards precise
spatio-temporal control of scents and air for olfactory augmented
reality,” in 2019 IEEE International Symposium on Olfaction and
Electronic Nose (ISOEN), May 2019, pp. 1-4. doi:
10.1109/ISOEN.2019.8823180.

M. Ho Baek Yu, M. Ku Kim, D.-W. Keum, and J.-D. Kim,
“Application and Design of Scent Display Device for Head-
Mounted Display,” J. Sens. Sci. Technol., vol. 28, no. 1, pp. 52-57,
2019, doi: 10.5369/JSST.2019.28.1.52.

D. Panagiotakopoulos, G. Marentakis, R. Metzitakos, I. Deliyannis,
and F. Dedes, “Digital Scent Technology: Toward the Internet of
Senses and the Metaverse,” IT Prof., vol. 24, no. 3, pp. 52-59, May
2022, doi: 10.1109/MITP.2022.3177292.

K. Karunanayaka, N. Johari, S. Hariri, H. Camelia, K. S. Bielawski,
and A. D. Cheok, “New thermal taste actuation technology for future
multisensory virtual reality and internet,” IEEE Trans. Vis. Comput.
Graph., vol. 24, no. 4, pp. 1496-1505, Apr. 2018, doi:
10.1109/TVCG.2018.2794073.

K. Aoyama, “Galvanic taste stimulation method for virtual reality
and augmented reality,” Lect. Notes Comput. Sci. (including Subser.
Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), vol. 12184
LNCS, pp. 341-349, 2020, doi: 10.1007/978-3-030-50020-
7_24/COVER.

E. Kerruish, “Arranging sensations: smell and taste in augmented
and virtual reality,” Senses Soc., vol. 14, no. 1, pp. 31-45, Jan. 2019,
doi: 10.1080/17458927.2018.1556952.

A. Hamad and B. Jia, “How Virtual Reality Technology Has
Changed Our Lives: An Overview of the Current and Potential
Applications and Limitations,” Int. J. Environ. Res. Public Heal.
2022, Vol. 19, Page 11278, vol. 19, no. 18, p. 11278, Sep. 2022, doi:
10.3390/IJERPH191811278.

G. S. King, J. R. Rameshwar, and C. S. Syan, “Industry 4.0 in a
Small Commodity-Based Economy: A Vehicle for Stimulating
Innovation,” J. Ind. Integr. Manag., vol. 05, no. 03, pp. 365-391,
Sep. 2020, doi: 10.1142/S242486222050013X.

J. Soroushian, B. Jackson, and S. Neschke, “Thinking Ahead About
XR Charting a Course for Virtual, Augmented, and Mixed Reality,”
Washington DC  USA, 2022. [Online].  Available:
https://bipartisanpolicy.org/report/thinking-ahead-about-xr/

S. Barteit, L. Lanfermann, T. Bérnighausen, F. Neuhann, and C.
Beiersmann, “Augmented, Mixed, and Virtual Reality-Based Head-
Mounted Devices for Medical Education: Systematic Review,”
JMIR Serious Games 2021;9(3)e29080

63

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

https//games.jmir.org/2021/3/e29080, vol. 9, no. 3, p. €29080, Jul.
2021, doi: 10.2196/29080.

F. Roesner, T. Kohno, and D. Molnar, “Security and privacy for
augmented reality systems,” Commun. ACM, vol. 57, no. 4, pp. 88—
96, Apr. 2014, doi: 10.1145/2580723.2580730.

Y. Leng, C.-C. Chen, Q. Sun, J. Huang, and Y. Zhu, “Energy-
efficient video processing for virtual reality,” in Proceedings of the
46th International Symposium on Computer Architecture, Jun. 2019,
pp. 91-103. doi: 10.1145/3307650.3322264.

Z.Lai, Y. C. Hu, Y. Cui, L. Sun, and N. Dai, “Furion: Engineering
high-gality immersive virtual reality on today’s mobile devices,”
Proc. Annu. Int. Conf. Mob. Comput. Networking, MOBICOM, vol.

Part F131210, pp.  409-421, Oct. 2017, doi:
10.1145/3117811.3117815.
R. T. Azuma, “A Survey of Augmented Reality,” Presence

Teleoperators Virtual Environ., vol. 6, no. 4, pp. 355-385, Aug.
1997, doi: 10.1162/pres.1997.6.4.355.

A. S. Alqahtani, L. F. Daghestani, and L. F. Ibrahim, “Environments
and System Types of Virtual Reality Technology in STEM: a
Survey,” Int. J. Adv. Comput. Sci. Appl., vol. 8, no. 6, pp. 77-89,
2017, doi: 10.14569/1JACSA.2017.080610.

PwC, “Seeing is believing How virtual reality and augmented reality
are transforming business and the economy,” London, UK, 2019.
[Online]. Auvailable:
https://www.pwc.com/gx/en/technology/publications/assets/how-
virtual-reality-and-augmented-reality.pdf

Ecorys, “Virtual Reality and Its Potential for Europe,” Brussels,
Belgium, 2017. [Online]. Auvailable:
https://ec.europa.eu/futurium/en/system/files/ged/vr_ecosystem_eu
_report_0.pdf

J. T. McQuirt et al., “Extended Reality Technologies in Nutrition
Education and Behavior: Comprehensive Scoping Review and
Future Directions,” Nutrients, vol. 12, no. 9, p. 2899, Sep. 2020, doi:
10.3390/nu12092899.

C. Anthes, R. J. Garcia-Hernandez, M. Wiedemann, and D.
Kranzlmuller, “State of the art of virtual reality technology,” in 2016
IEEE Aerospace Conference, Mar. 2016, vol. 2016-June, pp. 1-19.
doi: 10.1109/AER0.2016.7500674.

The Khronos Group Inc, “OpenXR Overview.”
https://www.khronos.org/openxr/ (accessed Sep. 10, 2020).

M. D. Thomas, “Intelligent Realities For Workers Using Augmented
Reality, Virtual Reality and Beyond,” IIC J. Innov., no. March, p.
18, 2019, [Online]. Auvailable:
https://www.iiconsortium.org/news/joi-articles/2019-March-
Intelligent-Realities-For-Workers-Using-Augmented-Reality-
Virtual-Reality-and-Beyond.pdf

1. Rakkolainen et al., “Technologies for Multimodal Interaction in
Extended Reality-A Scoping Review,” Multimodal Technol.
Interact. 2021, Vol. 5, Page 81, vol. 5, no. 12, p. 81, Dec. 2021, doi:
10.3390/MTI15120081.

S. Kuntz, R. Kulpa, and J. Royan, “The Democratization of VR-
AR,” in Virtual Reality and Augmented Reality, Hoboken, NJ, USA:
John Wiley & Sons, |Inc, 2018, pp. 73-122. doi:
10.1002/9781119341031.ch2.

C. Saharia et al., “Photorealistic Text-to-lmage Diffusion Models
with Deep Language Understanding,” May 2022, doi:
10.48550/arxiv.2205.11487.

V. Liu and L. B. Chilton, “Design Guidelines for Prompt
Engineering Text-to-Image Generative Models,” Sep. 2021,
Accessed: Jan. 05, 2022. [Online]. Available:

https://arxiv.org/abs/2109.06977v2

J. Ho et al., “Imagen Video: High Definition Video Generation with
Diffusion Models,” Oct. 2022, doi: 10.48550/arxiv.2210.02303.

B. Poole, A. Jain, J. T. Barron, and B. Mildenhall, “DreamFusion:
Text-to-3D  using 2D  Diffusion,” Sep. 2022, doi:
10.48550/arxiv.2209.14988.

K. Wiggers, “OpenAl releases Point-E, an Al that generates 3D
models,” TechCrunch, Dec. 20, 2022.
https://techcrunch.com/2022/12/20/openai-releases-point-e-an-ai-
that-generates-3d-models/ (accessed Dec. 21, 2022).

OpenAl ChatGPT December 15 version, “XR in Post-Pandemic
World.” Dec. 29, 2022. Accessed: Dec. 29, 2022. [Online].
Auvailable: https://chat.openai.com/chat

-. This work is licensed under a Creative Commons Attribution 4.0 International License. -.



[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

(0]

[81]

(82]

(83]

[84]

[85]

(86]

Journal of Metaverse

OpenAl, “ChatGPT FAQ | OpenAl Help Center.”
https://help.openai.com/en/articles/6783457-chatgpt-fag (accessed
Dec. 29, 2022).

J. R. Rameshwar, “COVID-19 Can Create Opportunity for 0T in
the Caribbean: A Necessary Digital Transformation,” [IC J. Innov.,
vol. November, p. 30, 2020, [Online]. Available:
https://www.iiconsortium.org/news/joi-
articles/2020_November_Jol_COVID-
19_Can_Create_Opportunity_for_loT_in_the_Caribbean.pdf

S. Boodan, “Inventor shows how tech can boost tourism,” Trinidad
& Tobago Guardian, Feb. 20, 2021.
https://www.guardian.co.tt/news/inventor-shows-how-tech-can-
boost-tourism-6.2.1291815.4053b980c6 (accessed Mar. 03, 2021).
L. V Williams, “CARIRI launches augmented reality/virtual reality
challenge,” Trinidad and Tobago Newsday, Nov. 09, 2020.
https://newsday.co.tt/2020/11/09/cariri-launches-augmented-
reality-virtual-reality-challenge/ (accessed Jun. 18, 2021).
CARIRI, “AR/VR Challenge - -changethegame,”
https://www.cariri.com/Challenge/ (accessed Apr. 26, 2022).

2020.

L. Hanna, “In a digital world content is king!,” Jamaica Observer,
Apr. 11, 2021. https://www.jamaicaobserver.com/the-agenda/in-a-
digital-world-content-is-king-_218743 (accessed Mar. 23, 2022).

L. Hanna, “Let’s brand the metaverse with J’can NFT lifestyle?,”
Jamaica Observer, Jan. 30, 2022.
https://www.jamaicaobserver.com/the-agenda/let-s-brand-the-
metaverse-with-j-can-nft-lifestyle- 242609 (accessed Mar.
2022).

M. Wong, “St Vincent wants to be first island to host Carnival in the
Metaverse,” Loop Caribbean News, Jan. 18, 2022.
https://caribbean.loopnews.com/content/st-vincent-wants-be-first-
island-host-carnival-metaverse-587786 (accessed Jan. 31, 2022).

A. Thurman, “Barbados to Become First Sovereign Nation With an
Embassy in the Metaverse,” CoinDesk, Nov. 15, 202I.
https://www.coindesk.com/business/2021/11/15/barbados-to-
become-first-sovereign-nation-with-an-embassy-in-the-metaverse/
(accessed Nov. 20, 2021).

CTU, “THE METAVERSE: A NEW OPPORTUNITY FOR
WEALTH GENERATION FOR CARIBBEAN CITIZENS©s:.”
https://ctu.int/the-metaverse-a-new-opportunity-for-wealth-
generation-for-caribbean-citizensis/ (accessed Feb. 02, 2022).

J. Loutoo, “UWI secures US$25 million technology grant,” Trinidad
and Tobago Newsday, Apr. 05, 2021.
https://newsday.co.tt/2021/04/05/uwi-secures-us25-million-
technology-grant/ (accessed Apr. 26, 2022).

OAS, “OAS and Meta Partner to Train Thousands of Latin American
and Caribbean Creators in Augmented Reality,” Dec. 15, 2021.
https://www.oas.org/en/media_center/press_release.asp?sCodigo=
E-116/21 (accessed Apr. 27, 2022).

K. Corion, “Virtual Reality and Pan Collides in Trinidad and
Tobago,” HuffPost, Apr. 28, 2017.
https://www.huffpost.com/entry/virtual-reality-and-pan-collides-in-
trinidad-and-tobago_b_59038f90e4b05279d4edbbb4 (accessed
May 11, 2021).

M. Nurse, “Region’s coconut industry to be transformed via
Augmented Reality,” CARICOM Today, Jul. 17, 2018.
https://today.caricom.org/2018/07/13/regons-coconut-industry-to-
be-transformed-via-augmented-reality/ (accessed Jul. 29, 2020).

23,

Loop Jamaica, “Photos: Next Generation Creators bring art to life,”
Loop Jamaica, Apr. 10, 2018.
https://jamaica.loopnews.com/content/photos-next-generation-
creators-bring-art-life (accessed Sep. 19, 2021).

Raosoft, “Sample size calculator.”
http://www.raosoft.com/samplesize.html (accessed Jul. 01, 2021).

S. Karout, H. M. J. Khojah, R. Itani, F. Jaffal, and A. El-Lakany,
“Assessing the pharmaceutical care provision to suspected COVID-
19 patients in community pharmacies: a simulated patient study,”
BMC Heal. Serv. Res. 2022 221, vol. 22, no. 1, pp. 1-8, Apr. 2022,
doi: 10.1186/S12913-022-07870-1.

M. M. Alam, N. Ahmad, Q. N. Naveed, A. Patel, M. Abohashrh, and
M. A. Khaleel, “E-Learning Services to Achieve Sustainable
Learning and Academic Performance: An Empirical Study,”
Sustainability, vol. 13, no. 5, p. 2653, Mar. 2021, doi:
10.3390/5u13052653.

64

(87]

(8]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Rameshwar and King
A. A. Al-Subaihi, “Sample size determination. Influencing factors
and calculation strategies for survey research,” Neurosci. J., vol. 8,
no. 2, pp. 79-86, 2003, Accessed: Sep. 12, 2021. [Online].
Auvailable: https://nsj.org.sa/content/ns;j/8/2/79.full.pdf

A. S. Singh and M. B. Masuku, “Sampling techniques &
determination of sample size in applied statistics research: An
overview,” Int. J. Econ. Commer. Manag., vol. II, no. 11, p. 22,
2014, [Online]. Available:
https://www.researchgate.net/profile/Ajay-Singh-
51/publication/341552596_Sampling_Techniques_and_Determinat
ion_of_Sample_Size_in_Applied_Statistics_Research_An_Overvie
w/links/5fa3e5¢192851cc28696055d/Sampling-Techniques-and-
Determination-of-Sample-Size-in

I. Etikan and O. Babatop, “A Basic Approach in Sampling
Methodology and Sample Size Calculation,” MedLife Clin., vol. 1,
pp. 050-054, 2019, [Online]. Awvailable:
https://www.medtextpublications.com/open-access/a-basic-
approach-in-sampling-methodology-and-sample-size-calculation-
249 pdf

T. S. Nanjundeswaraswamy and S. Divakar, “DETERMINATION
OF SAMPLE SIZE AND SAMPLING METHODS IN APPLIED
RESEARCH,” Proc. Eng. Sci., vol. 3, no. 1, pp. 25-32, Mar. 2021,
doi: 10.24874/PES03.01.003.

R. L. Medway and J. Fulton, “When More Gets You Less: A Meta-
Analysis of the Effect of Concurrent Web Options on Mail Survey
Response Rates,” Public Opin. Q., vol. 76, no. 4, pp. 733-746, Dec.
2012, doi: 10.1093/poqg/nfs047.

H.-Y. Hsu and S.-K. Wang, “Using Google Forms to collect and
analyze data,” Sci. Scope, vol. 40, no. 8, pp. 64-67, 2017, [Online].
Auvailable: http://search.proquest.com/docview/1884841278/

CARIRI, “Challenge Info — AR/VR Challenge,” 2020.
https://www.cariri.com/Challenge/challenge-details/ (accessed Apr.
26, 2022).

G. Burnett, “Bringing the metaverse to life: how I built a virtual
reality for my students -- and what I’ve learnt along the way,” The
Conversation, Nov. 19, 2021. https://theconversation.com/bringing-
the-metaverse-to-life-how-i-built-a-virtual-reality-for-my-students-
and-what-ive-learnt-along-the-way-171760 (accessed Nov. 21,
2021).

J. R. Rameshwar, “Transitioning to a Digital Educational
Environment A Lecturer’s Perspective on Migrating to Google
Classroom During the COVID-19 Pandemic in Trinidad and
Tobago,” UWI Qual. Educ. Forum, vol. 25, pp. 96-119, 2021,
[Online]. Auvailable:
https://journals.sta.uwi.edu/gef/index.asp?action=viewArticle&arti
cleld=8131&galleyld=6924

L. Bredikhina and A. Giard, “Becoming a Virtual Cutie: Digital
Cross-Dressing in Japan,” Converg. Int. J. Res. into New Media
Technol., vol. 28, no. 6, pp. 1643-1661, Dec. 2022, doi:
10.1177/13548565221074812.

M. T. Tang, V. L. Zhu, and V. Popescu, “AlterEcho: Loose Avatar-
Streamer Coupling for Expressive VTubing,” in 2021 IEEE
International Symposium on Mixed and Augmented Reality
(ISMAR), Oct. 2021, pp. 128-137. doi:
10.1109/ISMAR52148.2021.00027.

A. Sheldon et al., “Putting the AR in (AR)chitecture - Integrating
voice recognition and gesture control for Augmented Reality
interaction to enhance design practice,” in Intelligent & Informed -
Proceedings of the 24th CAADRIA Conference - Volume 1,
Victoria University of Wellington, Wellington, New Zealand, 15-18
April 2019, 2019, pp. 475-484. [Online]. Available:
http://papers.cumincad.org/cgi-bin/works/paper/caadria2019_081

F. Therin, “Organizational learning and innovation in high-tech
small firms,” in 36th Annual Hawaii International Conference on
System Sciences, 2003. Proceedings of the, 2003, p. 8 pp. doi:
10.1109/HICSS.2003.1174262.

[100]Y. Bao, X. Chen, and K. Z. Zhou, “External learning, market

dynamics, and radical innovation: Evidence from China’s high-tech
firms,” J. Bus. Res., vol. 65, no. 8, pp. 1226-1233, Aug. 2012, doi:
10.1016/j.jbusres.2011.06.036.

[101]1. Dabran, T. Avny, E. Singher, and H. Ben Danan, “Augmented

reality speech recognition for the hearing impaired,” in 2017 IEEE
International Conference on Microwaves, Antennas,

-. This work is licensed under a Creative Commons Attribution 4.0 International License. .: BY



Journal of Metaverse

Rameshwar and King
Communications and Electronic Systems (COMCAS), Nov. 2017,
vol. 2017-Novem, pp. 1-4. doi: 10.1109/COMCAS.2017.8244731.

[102]M. R. Mirzaei, S. Ghorshi, and M. Mortazavi, “Using augmented
reality and automatic speech recognition techniques to help deaf and
hard of hearing people,” ACM Int. Conf. Proceeding Ser., 2012, doi:
10.1145/2331714.2331720.

[103]M. R. Mirzaei, S. Ghorshi, and M. Mortazavi, “Audio-visual speech
recognition techniques in augmented reality environments,” Vis.
Comput. 2013 303, vol. 30, no. 3, pp. 245-257, May 2013, doi:
10.1007/S00371-013-0841-1.

[104]M. Zhu et al., “Haptic-feedback smart glove as a creative human-
machine interface (HMI) for virtual/augmented reality
applications,” Sci. Adv., vol. 6, no. 19, p. eaaz8693, May 2020, doi:
10.1126/sciadv.aaz8693.

[105]P. Bun, J. Husar, and J. Kas¢ak, “Hand Tracking in Extended Reality
Educational Applications,” pp. 317-325, 2022, doi: 10.1007/978-3-
030-99310-8_25.

[106]T. Madeira, B. Marques, J. Alves, P. Dias, and B. S. Santos,
“Exploring Annotations and Hand Tracking in Augmented Reality
for Remote Collaboration,” Adv. Intell. Syst. Comput., vol. 1269
AISC, pp. 83-89, 2021, doi: 10.1007/978-3-030-58282-1_14.

[107]C. Khundam, V. Vorachart, P. Preeyawongsakul, W. Hosap, and F.
Noél, “A Comparative Study of Interaction Time and Usability of
Using Controllers and Hand Tracking in Virtual Reality Training,”
Informatics 2021, Vol. 8, Page 60, vol. 8, no. 3, p. 60, Sep. 2021,
doi: 10.3390/INFORMATICS8030060.

[108]A. Plopski, T. Hirzle, N. Norouzi, L. Qian, G. Bruder, and T.
Langlotz, “The Eye in Extended Reality: A Survey on Gaze
Interaction and Eye Tracking in Head-worn Extended Reality,”
ACM Comput. Surv., vol. 55, no. 3, pp. 1-39, Mar. 2022, doi:
10.1145/3491207.

[109]N. A. Rappa, S. Ledger, T. Teo, K. Wai Wong, B. Power, and B.
Hilliard, “The use of eye tracking technology to explore learning and
performance within virtual reality and mixed reality settings: a
scoping review,” Interact. Learn. Environ., vol. 30, no. 7, pp. 1338—
1350, Aug. 2022, doi: 10.1080/10494820.2019.1702560.

[110]V. Clay, P. Ké6nig, and S. Kénig, “Eye Tracking in Virtual Reality,”
J. Eye Mov. Res., vol. 12, no. 1, 2019, doi: 10.16910/JEMR.12.1.3.

[111]J. Estrella and B. Mendoza, “Voice Controlled Augmented Reality:
A Comparison of Speech Recognition Tools for AR Applications,”
in 2019 ASEE Mid-Atlantic Fall Conference, November 1 & 2 —The
Cooper  Union, 2019, p. 7. [Online]. Available:
https://openlab.citytech.cuny.edu/bmendoza/files/2020/05/Estrella-
MendozaMidAtlantic-ASEE-Fall2019.pdf

[112]J. C. de A. Machado, C. N. Vasconcelos, and E. W. G. Clua, “Voice
Commands Recognition For Virtual Reality Environments Using
Convolutional Neural Networks,” in SBC — Proceedings XVI
SBGames — Curitiba— PR — Brazil, November 2nd - 4th, 2017, 2017,
pp- 634-637. [Online]. Auvailable:
https://www.shgames.org/sbgames2017/papers/ComputacaoShort/1
75391.pdf

[113]Compete Caribbean Partnership Facility, “REGIONAL & OECS
SUBREGIONAL.”
https://www.competecaribbean.org/projects/regional-oecs-
subregional/ (accessed Apr. 24, 2022).

[114]M. Boland, “Who’s Using AR and How Often?,” AR Insider, Apr.
18, 2022. https://arinsider.co/2022/04/18/whos-using-ar-and-how-
often/ (accessed Apr. 24, 2022).

[115]M. Boland, “Where is VR in Its Lifecycle?,” AR Insider, Apr. 19,
2022. https://arinsider.co/2022/04/19/where-is-vr-in-its-lifecycle/
(accessed Apr. 24, 2022).

[116]IDB Lab, “Metaverse Communities Challenge,” 2022.
https://convocatorias.iadb.org/en/bid-lab/metaverse-communities
(accessed Dec. 27, 2022).

65

-. This work is licensed under a Creative Commons Attribution 4.0 International License. .: BY



