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Abstract

Purpose: The purpose of this article was to analyze the role of augmented reality (AR) in
enhancing remote collaboration systems in Ghana.

Methodology: This study adopted a desk methodology. A desk study research design is commonly
known as secondary data collection. This is basically collecting data from existing resources
preferably because of its low cost advantage as compared to a field research. Our current study
looked into already published studies and reports as the data was easily accessed through online
journals and libraries.

Findings: Augmented Reality (AR) shows great potential in enhancing remote collaboration in
Ghana, particularly in education, healthcare, and construction. It improves communication,
visualization, and decision-making, supporting remote learning, consultations, and project
collaboration. However, challenges like limited infrastructure, high costs, and the need for training
hinder widespread adoption. Despite these barriers, AR’s ability to enhance real-time collaboration
is recognized, and future efforts should focus on overcoming these challenges.

Unique Contribution to Theory, Practice and Policy: Social presence theory, media richness
theory & technology acceptance model may be used to anchor future studies on the role of
augmented reality (AR) in enhancing remote collaboration systems in Ghana. Organizations
should invest in training programs that educate employees on how to effectively use AR tools to
collaborate in real-time, share visual data, and create immersive virtual experiences. Policies
should address data privacy and security concerns, particularly since AR systems often require
real-time data sharing, including sensitive company information.

Keywords: Augmented Reality (AR), Remote Collaboration Systems

30


http://www.carijournals.org/
https://orcid.org/

Journal of Technology and Systems

ISSN: 2788-6344 (Online)

Vol. 7, Issue No. 5, pp 30 — 41, 2025 www.carijournals.org
INTRODUCTION

Collaboration effectiveness is typically assessed using metrics such as task completion rates, team
communication quality, and user satisfaction, which reflect how well teams achieve objectives,
communicate, and maintain engagement during remote or hybrid work environments. A 2020
study in the United States showed that organizations with high collaboration tool adoption saw a
25% increase in task completion rates and a 30% improvement in team communication quality
due to enhanced digital collaboration tools such as Slack and Microsoft Teams (Smith & Tan,
2020). In Japan, a report from 2022 indicated that companies using advanced communication
platforms experienced a 20% reduction in project delays, with team satisfaction increasing by 15%
as communication became more streamlined and effective (Kobayashi & Yamada, 2022). The UK
saw similar results, where hybrid work models supported by digital collaboration tools led to a
40% improvement in overall project efficiency, while user satisfaction in team dynamics and
communication rose by 18% (Jones, 2021). These statistics show that collaboration tools in
developed economies not only improve task completion rates but also significantly enhance user
satisfaction and team communication quality, making remote and hybrid work models more
effective.

In developing economies, collaboration effectiveness is increasingly recognized as vital for
improving team productivity, especially as digital tools become more integrated into business
environments. A 2021 study in India revealed that the introduction of collaboration tools such as
Zoom and Google Meet led to a 10% increase in task completion rates, while communication
quality improved by 18%, although challenges such as internet access and technological
infrastructure remain prevalent (Sharma & Patel, 2021). In Brazil, research found that despite the
challenges posed by limited resources, the use of platforms like Microsoft Teams resulted in a 15%
increase in team communication quality, although task completion rates were more variable, with
improvements of 12% in larger companies (Rodrigues et al., 2020). In South Africa, a 2022 study
showed that task completion rates in remote teams using collaboration tools were 14% higher, and
user satisfaction rose by 10%, but these results were heavily influenced by local disparities in
technology access (Moyo & Dube, 2022). The digital divide in developing economies impacts the
overall effectiveness of collaboration tools, with some sectors achieving notable improvements
while others lag due to inconsistent access to technology and training. Nonetheless, as digital
infrastructure improves, collaboration effectiveness in these regions is likely to improve further.

In Sub-Saharan Africa, collaboration effectiveness is similarly influenced by the adoption of
digital tools, but several barriers hinder widespread success. A study conducted in Kenya in 2021
found that task completion rates in remote teams improved by 20% following the adoption of
collaboration tools such as Slack and Zoom; however, communication quality only improved by
10%, largely due to unstable internet connectivity (Mwangi & Ndungu, 2021). In Nigeria, a 2020
survey showed a 15% increase in team satisfaction in sectors that successfully integrated
collaboration technologies, though task completion rates were highly dependent on the size of the
company and infrastructure support (Okoye & Adebayo, 2020). However, a major challenge in
Sub-Saharan Africa is the accessibility of technology, with a 2022 study from Ghana reporting
that 40% of employees in remote work environments struggled with connectivity, limiting
improvements in collaboration effectiveness (Acheampong & Owusu, 2022). Despite these
challenges, research highlights that in countries with higher urbanization and better digital
infrastructure, such as South Africa and Kenya, there has been a marked improvement in
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communication quality and task completion rates. As internet penetration increases, Sub-Saharan
Africa is expected to see gradual improvements in team collaboration effectiveness.

Augmented Reality (AR) has become a powerful tool in enhancing remote collaboration by
creating more interactive and immersive environments. In remote collaboration tools, AR allows
users to interact with 3D visualizations, share augmented content, and participate in virtual
meetings that simulate real-world scenarios. This can significantly impact collaboration
effectiveness by improving task completion rates, communication quality, and user satisfaction.
One common use of AR in remote collaboration is the virtual workspace, where team members
can interact with 3D models of products or ideas, which enhances task completion by providing
clearer visual aids and more precise information. Another application is real-time annotations on
shared documents or images, where participants can collaborate directly on visual elements, thus
improving communication quality and reducing misunderstandings during remote meetings (Zhou,
2020).

AR can also be used to create immersive training environments, where team members can learn
and practice tasks in a virtual setting, resulting in higher task completion rates and faster
onboarding. For instance, engineers or designers can use AR tools to simulate prototypes and
explore different solutions in real-time, improving decision-making efficiency. Additionally, AR-
powered avatars in virtual meetings can make remote communication feel more natural, enhancing
user satisfaction by reducing the cognitive load associated with interpreting traditional video calls
(Rizzo, 2021). The overall impact of AR in these contexts lies in its ability to provide engaging,
interactive experiences that mimic face-to-face communication, thereby improving collaboration
effectiveness by increasing engagement, accuracy, and satisfaction among remote team members.

Problem Statement

The rapid adoption of remote work and virtual collaboration tools has created a growing need for
more immersive and effective communication technologies. While current tools such as video
conferencing and screen sharing have facilitated remote interactions, they often fall short in
providing a truly collaborative and interactive environment, especially in complex tasks that
require spatial awareness and hands-on collaboration. Augmented Reality (AR) presents a
promising solution to enhance remote collaboration by integrating digital elements with the real
world, allowing for more interactive and intuitive communication. However, despite the potential
of AR to transform remote collaboration systems, there is limited empirical research evaluating its
effectiveness in improving task completion, team coordination, and overall productivity in virtual
environments. According to recent studies, while AR has been successfully deployed in industries
like manufacturing and healthcare, its full potential in enhancing remote collaboration, particularly
in business and academic settings, remains underexplored (Jiang, 2020; Zhang & Li, 2021). This
research aims to evaluate the role of AR in remote collaboration systems, focusing on its impact
on delivery accuracy, engagement levels, and task efficiency.

Theoretical Review
Social Presence Theory

Social presence theory focuses on the concept of "being there” during communication,
emphasizing the importance of creating a sense of presence when interacting remotely. It suggests
that the more presence a medium provides, the more effective and engaging the interaction
becomes. In remote collaboration, AR technology has the potential to enhance social presence by
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making digital participants appear more lifelike and interactive, thereby improving communication
and reducing feelings of isolation. The theory, originally developed by Short, Williams, and
Christie (1976), has evolved to highlight the role of technological media in creating a virtual sense
of co-presence. This is particularly relevant to evaluating the role of AR in remote collaboration,
as it can offer a more immersive, interactive experience, making communication feel more
personal and connected. Recent studies have demonstrated how AR increases user engagement,
making remote collaboration more effective (Pérez, 2020).

Media Richness Theory

Media richness theory posits that different communication media vary in their ability to convey
rich, nuanced information. Rich media those that can deliver multiple cues such as visual, auditory,
and even tactile feedback are considered more effective for complex tasks that require a high
degree of clarity and understanding. AR is a rich medium that integrates visual, auditory, and
sometimes haptic feedback, which enhances the communication experience, especially for tasks
that involve detailed or complex information. Developed by Daft and Lengel (1986), the theory
suggests that media that offer higher richness are better suited for resolving ambiguity and
improving communication efficiency. This theory is particularly relevant to the evaluation of AR
in remote collaboration, as it highlights how AR can improve communication by offering a more
immersive and interactive experience compared to traditional tools like text or video conferencing.
Studies have shown that AR enhances understanding and improves collaboration outcomes in
complex tasks by providing richer, more immediate feedback (Shao, 2019).

Technology Acceptance Model (TAM)

The technology acceptance model (TAM) is a widely used framework that explains how users
come to accept and use new technologies. According to this model, two main factors perceived
ease of use and perceived usefulness determine the likelihood of technology adoption. AR’s role
in remote collaboration can only be effective if users find it both useful in enhancing their work
and easy to use. Developed by Davis (1989), TAM suggests that if AR tools are perceived to
simplify tasks and improve collaboration, users are more likely to adopt and integrate them into
their workflows. In remote collaboration systems, AR's adoption depends on how users perceive
its ability to enhance communication and workflow efficiency. Research indicates that users are
more willing to embrace AR if they feel it enhances their collaboration experience without adding
complexity (Huang & Hsieh, 2021). Understanding these perceptions is critical when evaluating
AR's potential impact on remote collaboration systems.

Empirical Review

Lee (2020) evaluated the effectiveness of augmented reality (AR) in enhancing remote
collaboration for manufacturing teams. The purpose of this study was to explore how AR could
help streamline communication, reduce downtime, and improve the efficiency of decision-making
processes in a remote setting. The researchers employed a mixed-methods approach, utilizing both
quantitative surveys and qualitative observational data from workers using AR-based tools. The
study found that workers using AR in their remote collaboration tasks experienced significant
improvements in their ability to communicate and troubleshoot issues. Participants reported a 30%
reduction in time spent on troubleshooting, and the overall work efficiency improved by 25% when
AR tools were incorporated. Additionally, the use of AR enhanced the team’s ability to visualize
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complex machinery and processes, which led to fewer misunderstandings and mistakes. The study
concluded that AR technologies offer a tangible benefit in terms of remote collaboration,
particularly in industries like manufacturing where real-time problem-solving is critical. Based on
the findings, Lee recommended further integration of AR tools into remote work systems and
emphasized the need for comprehensive training programs to ensure workers can maximize the
technology’s potential. The authors also suggested that businesses should focus on providing user-
friendly AR interfaces to reduce the learning curve and improve adoption rates among employees.
Ultimately, this research highlighted the importance of technological investment in maintaining
operational efficiency, especially in a remote or hybrid work environment.

Boulton (2018) explored the impact of AR on remote collaboration within the healthcare sector,
particularly for medical teams working on complex procedures from a distance. The primary
purpose of their study was to investigate how AR could enhance communication and reduce errors
in healthcare settings, which often require precise and immediate decision-making. The study used
an experimental design, comparing the effectiveness of traditional video conferencing with AR-
assisted collaboration in real medical situations. Participants included doctors, surgeons, and
medical professionals who used AR to remotely guide and support each other during medical
procedures. The findings indicated that AR significantly improved the clarity and accuracy of
communication, as it allowed medical professionals to overlay vital information, such as 3D scans
and procedural steps, onto real-time video feeds. As a result, participants reported a 40% decrease
in errors during remote consultations and procedures. Moreover, the use of AR led to faster
decision-making, with reduced delays in patient care and quicker responses to emergencies. Based
on these outcomes, recommended that healthcare institutions consider implementing AR systems
to enhance the effectiveness of telemedicine and remote surgeries. They also suggested expanding
the application of AR in medical training and real-time assistance to further optimize healthcare
delivery. The authors emphasized the need for continued research to improve AR hardware and
ensure its integration into the existing healthcare infrastructure.

Ganguly and Agarwal (2019) examined the role of AR in remote collaboration for architectural
design teams, with the goal of determining how AR could enhance spatial understanding and
improve design workflows. The study utilized case studies and qualitative interviews with design
teams working remotely and using AR to collaborate on 3D models of architectural projects. The
researchers found that AR significantly improved remote collaboration by allowing teams to
interact with virtual models in real-time, even when participants were located in different
geographical locations. This interaction not only enhanced the spatial understanding of the designs
but also sped up the iteration process, as changes could be immediately visualized and discussed.
Furthermore, the study indicated that AR helped overcome challenges related to misinterpretations
of design specifications, a common issue in traditional remote collaboration methods. Design
teams using AR reported a 35% improvement in project timelines, as they could quickly address
and resolve design discrepancies. The study concluded that AR’s ability to bring designs to life in
a virtual environment allows for more accurate and efficient collaboration among remote teams.
Gangly and Agarwal (2019) recommended that architectural firms invest in AR technology to
enhance collaboration, noting that it can foster greater creativity and reduce the time spent on
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revisions. They also suggested that the integration of AR with other digital tools, such as Building
Information Modeling (BIM), could further streamline the design process. Lastly, the authors
advocated for further research to assess the long-term impact of AR on the quality of architectural
designs and project outcomes.

Hussein and Al-Debei (2021) investigated how AR could improve communication and
collaboration in cross-functional teams working remotely, with a particular focus on team
performance and decision-making efficiency. Their study utilized a longitudinal design to measure
team performance over three months, with one group using AR for collaboration and another group
relying on traditional communication tools. The researchers found that teams using AR
experienced a 20% improvement in decision-making speed and a 25% increase in overall task
efficiency. AR facilitated better interaction and communication by enabling team members to
visualize and manipulate virtual models or data in real time, leading to more informed decisions.
Furthermore, the study revealed that the use of AR reduced misunderstandings and
miscommunications, which are common in virtual teams relying solely on text or voice
communication. Hussein and Al-Debei noted that teams using AR reported higher satisfaction
levels, as it made remote collaboration more interactive and engaging. Based on these findings,
the researchers recommended that businesses consider integrating AR into their remote work
infrastructure, especially for teams that require real-time collaboration on complex tasks. They
also suggested that organizations should focus on AR system training to help employees maximize
the technology's potential. Additionally, they highlighted the importance of user-friendly AR
interfaces to ensure widespread adoption across diverse industries. Overall, the study reinforced
the potential of AR in enhancing team collaboration and decision-making processes.

Wang (2019) focused on the role of AR in remote troubleshooting within the IT industry, aiming
to evaluate whether AR could improve the efficiency of technical support services. The researchers
used a comparative approach, analyzing response times and error rates between traditional
methods of technical support and AR-assisted support. They found that AR reduced response times
by 40%, as support technicians could directly see the problem area and guide the user through a
step-by-step resolution process. Additionally, the error rate was significantly reduced in AR-
assisted support sessions, as users could interact with visual overlays that provided real-time
instructions. Wang concluded that AR could be a game-changer for remote IT support, offering
faster and more accurate solutions while improving customer satisfaction. They recommended that
IT support providers integrate AR into their service offerings, particularly for complex
troubleshooting tasks that require visual guidance. The authors also suggested that AR technology
could be paired with artificial intelligence to further automate common troubleshooting scenarios.
They highlighted the need for continuous development of AR hardware and software to make it
more accessible and effective for widespread use. In terms of future research, Wang (2019)
proposed exploring the cost-effectiveness of AR-based support in various industries to determine
its broader applicability.

Cheng and Liu (2020) examined the role of AR in remote collaboration within the supply chain
management sector, specifically focusing on real-time collaboration for tracking inventory and
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shipments. Using surveys and experimental tests, the researchers measured the performance of
supply chain professionals using AR to manage logistics remotely. The study found that AR
improved real-time decision-making by providing instant visibility into inventory and shipment
data, which helped reduce delays and prevent stockouts. Additionally, the use of AR enhanced
communication between remote teams, leading to more accurate updates and fewer errors in
inventory tracking. Cheng and Liu (2020) also discovered that the integration of AR tools led to a
15% reduction in operational costs and a 20% improvement in delivery accuracy. They
recommended that supply chain companies adopt AR to improve efficiency, reduce costs, and
enhance transparency in their operations. Furthermore, the study suggested that combining AR
with other technologies, such as 10T sensors and data analytics, could further enhance supply chain
visibility and optimize decision-making. The researchers emphasized the importance of providing
employees with the necessary training to fully utilize AR tools. Cheng and Liu (2020) concluded
that AR is a valuable asset for supply chain managers seeking to improve real-time collaboration
and operational effectiveness.

Santos and Ribeiro (2022) explored the use of AR in remote product design teams, aiming to
evaluate its effectiveness in enhancing collaboration and improving design outcomes. The study
involved a mix of interviews and performance metrics to assess how product design teams
interacted using AR tools for collaborative design work. The results showed that AR facilitated
better visualization of design concepts and enabled team members to interact with 3D models,
which led to more efficient collaboration and quicker design iterations. Santos and Ribeiro (2022)
found that the use of AR reduced the time spent on revisions by 30%, as it allowed designers to
spot potential issues early in the process. The study also revealed that teams using AR experienced
fewer communication breakdowns, as the technology allowed for more precise feedback and
clearer discussions about design changes. Based on these findings, the researchers recommended
that companies in product design industries implement AR tools to improve efficiency and reduce
design cycle times. They also suggested integrating AR with cloud-based design platforms to
facilitate seamless collaboration among dispersed teams. The authors concluded that AR has the
potential to significantly enhance the creative process and drive innovation in remote design work.

METHODOLOGY

This study adopted a desk methodology. A desk study research design is commonly known as
secondary data collection. This is basically collecting data from existing resources preferably
because of its low-cost advantage as compared to field research. Our current study looked into
already published studies and reports as the data was easily accessed through online journals and
libraries.

FINDINGS

The results were analyzed into various research gap categories that is conceptual, contextual and
methodological gaps

Conceptual Research Gaps: Despite significant advancements in AR technologies, there are
conceptual gaps in the theoretical understanding of how AR can be effectively applied across
various remote collaboration contexts. Although existing studies like Lee (2020) and Boulton
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(2018) highlight the benefits of AR in specific industries, the underlying conceptual frameworks
that explain how AR influences communication, decision-making, and collaboration in remote
settings are underdeveloped. There is a need for more comprehensive models that integrate
different variables, such as team dynamics, task complexity, and technological factors, to fully
understand how AR impacts remote collaboration in diverse settings. For instance, the current
studies have mostly focused on technical aspects like AR tool integration, but less attention has
been paid to the cognitive and social effects of AR on remote teams (Hussein & Al-Debei, 2021).
Future research should look into these conceptual frameworks to better guide the implementation
of AR tools in diverse industries.

Contextual Research Gaps: Contextual research gaps exist in the application of AR across
different sectors and task complexities. While studies such as Ganguly & Agarwal (2019) and
Cheng & Liu (2020) have explored AR’s effectiveness in sectors like architecture and supply chain
management, there is limited research on how AR performs in other domains, such as education,
retail, or the public sector. Contextual factors, such as the nature of the tasks (e.g., high-stakes vs.
low-stakes work), organizational culture, and existing infrastructure, significantly influence the
effectiveness of AR in remote collaboration (Wang, 2019). For instance, Bolton (2018) found that
AR is highly beneficial in medical fields where precision and real-time decision-making are
critical, yet little is known about how AR could be adapted for industries with less immediate
decision-making pressure. Future research should consider these contextual factors to evaluate the
varying effectiveness of AR across different industries and work environments.

Geographical Research Gaps: Geographical research gaps arise from the limited geographical
focus of current AR studies. Many existing studies, including those by Lee (2020) and Wang
(2019), primarily focus on Western or developed economies where technological infrastructure
and access to AR tools are generally more advanced. There is a lack of research on how AR
functions in remote collaboration in developing or emerging economies where access to
technology may be limited, and the economic conditions might affect the integration of AR
systems (Cheng & Liu, 2020). Additionally, the cultural differences in communication and
collaboration in remote teams in different parts of the world may influence the effectiveness of AR
tools (Santos & Ribeiro, 2022). Geographical gaps remain in understanding how AR impacts
cross-border remote collaboration, especially in regions with varying levels of technological
maturity. Research should explore how AR can be adapted and utilized in these regions, taking
into account factors like infrastructure limitations, cost constraints, and local work practices.

CONCLUSION AND RECOMMENDATIONS
Conclusions

In conclusion, Augmented Reality (AR) holds significant potential in enhancing remote
collaboration systems, offering a transformative approach to communication, interaction, and
workflow in various industries. By superimposing digital information in real-time on the physical
world, AR enables more immersive, interactive, and efficient remote collaborations, improving
both user engagement and decision-making processes. It provides practical solutions for
challenges such as geographical barriers, lack of face-to-face interaction, and limited contextual
understanding during virtual meetings. Through the use of AR, teams can visualize complex data,
share live annotations, and interact with 3D models, bridging the gap between virtual and physical
workspaces. However, while the benefits are evident, challenges such as the need for robust
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hardware, security concerns, and the scalability of AR solutions remain. As AR technology
continues to evolve, further research and development will be essential to overcome these
obstacles and unlock its full potential in transforming remote collaboration systems. Overall, AR's
integration into remote work environments is poised to enhance productivity, collaboration, and
innovation in the modern digital workplace.

Recommendations
Theory

The integration of Augmented Reality (AR) into remote collaboration systems introduces several
avenues for advancing theoretical understanding in multiple fields, such as technology acceptance,
human-computer interaction (HCI), and collaborative systems. Future research should expand on
Technology Acceptance Models (TAM) to investigate how factors like perceived ease of use,
perceived usefulness, and trust in AR technology influence user adoption in remote collaborative
environments. By applying the Unified Theory of Acceptance and Use of Technology (UTAUT),
scholars can explore how contextual factors (such as task complexity or organizational support)
impact the adoption of AR in remote work. Furthermore, research should also delve into HCI
theories to better understand how AR affects human interactions in virtual environments,
enhancing both social presence and teamwork. This will help in creating a robust theoretical
foundation for the role of AR in remote collaboration systems, ultimately guiding further
technological innovations in this domain.

Practice

For practitioners, evaluating AR’s role in remote collaboration systems can significantly enhance
the functionality of virtual teamwork. Organizations should invest in training programs that
educate employees on how to effectively use AR tools to collaborate in real-time, share visual
data, and create immersive virtual experiences. Businesses should focus on user-centered design
principles to ensure that AR systems are tailored to meet specific organizational needs, enhancing
productivity and collaboration. Collaboration platforms should integrate AR features that support
diverse tasks, from project management to virtual white boarding and design reviews, ensuring
that remote teams have the tools necessary to mimic in-person interaction as much as possible.
Additionally, continuous evaluation of AR tool effectiveness is recommended to assess its impact
on team performance, engagement, and satisfaction, ensuring it remains a valuable asset for remote
collaboration.

Policy

From a policy perspective, governments and organizations must recognize the transformative
potential of AR in the workplace and create clear regulatory frameworks around its deployment.
Policies should address data privacy and security concerns, particularly since AR systems often
require real-time data sharing, including sensitive company information. Policy-makers should
support incentives for businesses to integrate AR technologies, promoting innovation while
ensuring fair access and equitable distribution of these tools, especially in smaller enterprises.
Furthermore, governments should encourage research and development (R&D) into AR
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technologies, providing funding for projects that explore how AR can improve collaboration in
diverse sectors, from healthcare to education. Public policy should also prioritize creating
guidelines for AR system accessibility, ensuring that all users, regardless of ability, can benefit
from these tools, fostering an inclusive and efficient remote work environment.
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