Journal of Technical and Vocational Education, NITTTR, Chennai

Bridging the Gap between Theory and Practice in Rural Education through Digital Twin
Technology

T.Subha’, Jakulin Divya Mary?

"Associate Professor, Department of Educational Media and Technology, National Institute of
Technical Teachers Training and Research, Chennai, subha@pnitttrc.edu.in

2Assistant Professor, Department of Rural and Entrepreneurship Development, National Institute
of Technical Teachers Training and Research, Chennai, jakulin_divya@nitttrc.edu.in

ABSTRACT

Digital twin technology has opened up wide opportunities in various sectors such as smart cities,
manufacturing, education and healthcare. Through the creation of immersive, interactive, and
customized learning experiences, Digital twins create a virtual copy of real-world objects or
environments, thus it has the potential to drastically alter experiential learning in the classroom
with the help of immersive, creative and customized learning experiences. This paper aims to
highlight the research on the theoretical reinforcements and real-world applications of digital twin
technology in educational contexts. It focuses on creating a framework for digital twins, models of
experiential learning, also examines possible case studies, points out advantages and challenges
in implementation, and offers suggestions for further use. The study finds that digital twins have
the ability to completely transform experiential learning by providing dynamic, real-time feedback,
bridging the gap between theory and practice, and preparing students for issues they may face
in the real world.

LINTRODUCTION

Science, Technology, Engineering, and Mathematics, or STEM for short, this is very much
essential for preparing students for the complex demands of the labor market in the twenty-first
century. It develops essential skills that are crucial across many professions, including advanced
problem-solving, technological proficiency, and analytical reasoning. However, rural schools often
encounter major challenges in providing high-quality STEM education, primarily because of
enduring problems like inadequate lab facilities, insufficient instructional resources, and limited
access to state-of-the-art digital tools. These restrictions erode equitable access to opportunities
for academic and professional development and deepen the learning divide between urban and
rural pupils (Basumatary & Maity, 2024). Digital twin platforms and augmented reality (AR) are
fortunately emerging as interesting and flexible alternatives. AR makes abstract subjects easier
to understand by fusing digital elements with real-world situations to create immersive, hands-on
experiences. Simultaneously, digital twins allow students to engage with and investigate dynamic
models in real time without requiring conventional lab apparatus by simulating physical systems
online (Vazquez et al., 2023).

Augmented reality (AR) has been shown to dramatically improve student engagement,
comprehension, and retention in STEM fields. For example, in Ghana, interactive 3D images
added to biology classes through AR-enabled smartphone apps increased student engagement
and academic achievement (Asare et al., 2020). Similarly, a storytelling project in South Africa
demonstrated AR's versatility across age groups and subjects by integrating cultural components
into literacy training (Mpiti et al., 2023). The effectiveness of AR in promoting student-centered,
immersive learning is demonstrated by early trials conducted in nations like Colombia and India,
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which show that rural students not only quickly adjust to AR tools but also exhibit a high level of
enthusiasm for their use in the classroom (Sanchez-Obando & Duque, 2022; Basumatary & Maity,
2024).

The use of AR and VR in flipped classrooms in Malaysian rural schools resulted in significant
gains in vocabulary acquisition and general learning outcomes, particularly for underachievers
(Jalaluddin et al., 2024). According to study showing favourable opinions about AR's usefulness
and usability in the classroom, teacher receptiveness is also increasing (Ripsam & Nerdel, 2024).
The educational benefits of digital twins are equally intriguing. Despite having limited resources,
students at a Mexican institution were able to provide realistic learning experiences by using these
technologies to model engineering and aviation systems, allowing for hands-on involvement with
complex mechanical components in virtual form (Vazquez et al., 2023). Teachers can promote
more engaging, inclusive STEM teaching in rural classrooms by using AR and Digital Twin
technology.

This paper aims to conceptualize how AR and Digital Twins can overcome rural-urban learning
gaps in STEM education, with the ultimate goal of democratizing access to quality training and
preparing all students, regardless of geography, for the digital future (Knysh et al., 2024).

. RELATED WORK

In recent years, academics have shown a strong interest in the interface of immersive
technologies and STEM education. Tools like Augmented Reality (AR) and Digital Twin systems
have developed as strong enablers of interactive and student-centered learning, particularly in
science, technology, engineering, and mathematics. In rural areas, where traditional resources
like labs and contemporary teaching aids are limited, these technologies hold significant promise
for resolving educational gaps.

2.1. Educational Potential of AR and Digital Twins

By turning abstract concepts into more approachable, visual experiences, augmented reality
allows students to investigate and work with complex scientific phenomena in three dimensions.
Similar to this, digital twin technologies improve functionality and authenticity in digital learning
environments by enabling real-time simulations and monitoring of physical systems through virtual
counterparts. Together, these resources support STEM education's dynamic feedback systems,
hands-on learning, and higher-order thinking (Kinz et al., 2022).

Global research repeatedly validates the educational usefulness of these developments. In a
study examining AR's impact on student engagement, researchers found significant
improvements in STEM-related academic performance and problem-solving skills (Mufoz et al.,
2024). Similarly, Wang et al. (2024) discovered in their thorough meta-analysis that AR had a
moderate but consistent favorable impact on science and math learning outcomes, especially for
primary and lower secondary pupils.

2.22. Integration Challenges in Rural Contexts

Although the evidence for the effectiveness of these tools grows, adopting them in rural schools
remains a big barrier. Infrastructure is one of the main challenges: widespread adoption is
significantly hampered by poor internet connectivity, a shortage of mobile devices, and erratic
electrical supplies. Only about 10% of AR educational resources are designed with rural settings
in mind, according to studies, even in India, where AR pilot initiatives in rural primary schools
have gotten good reviews.
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Teacher preparedness is another urgent issue. Although AR tools are becoming more widely
available, the author stresses that many teachers lack the knowledge or self-assurance to
successfully incorporate them into their lessons, particularly in settings with limited resources.
The results of a European teacher training study, which shown that focused professional
development greatly increased teachers' readiness to integrate AR into STEM classroom, are
consistent with this problem.

2.3. Digital Twin Applications in Education

Digital twin technology, which was first created for manufacturing and industrial environments, is
currently becoming more popular in educational settings. Real-time simulation of cyber-physical
systems is one important application that allows students to observe system activity, understand
feedback dynamics, and conduct remote experiments (Castro et al., 2023). A similar strategy was
used in a modular manufacturing station project, where students were given an almost real lab
experience without the need for actual equipment by combining AR and Digital Twins to mimic
industrial procedures (Caiza & Sanz, 2023). Another notable case study from the UK involved
training technical staff using a Digital Twin of a railway station supplemented with augmented
reality overlays. The study demonstrates how immersive visualization techniques may be
successfully repurposed for complicated learning settings, despite its initial industrial function
(Ackers, 2021).

2.4. Emerging Pedagogical Approaches

According to recent studies, using AR and Digital Twin technologies within constructivist, inquiry-
driven, and multidisciplinary learning methods is beneficial. One effective application is employing
augmented reality in STEM classes to assist students perceive chemical structures, which has
been found to improve both retention and conceptual understanding (Midak et al., 2021).
According to Valerio et al. (2024), integrating augmented reality (AR) with maker tools like 3D
printers and modular kits like Infento encourages practical participation and innovative problem-
solving. In rural classrooms, where traditional laboratory supplies are frequently scarce or non-
existent, this immersive learning approach is especially well-suited (Valerio et al., 2024).

2.5. Gaps and Future Directions

A notable research gap is highlighted by the literature despite promising evidence: few extensive,
long-term studies evaluate the real-world application of AR and Digital Twin technologies in
underprivileged or rural schools. The maijority of current research consists of short-term trials or
pilot initiatives, frequently located in metropolitan or semi-urban areas. Furthermore, the focus is
more often on technological skills than the infrastructure and sociocultural issues that impede
equal adoption (Kiinz et al., 2022).
The lack of strong regulatory frameworks to support the broad integration of these tools into
national education systems—especially in areas with disparate digital infrastructure—is another
crucial problem. It is still challenging to scale these technologies without institutional support,
which restricts their ability to bring about significant changes in education.

However, there is a lot of potential for integrating AR and Digital Twins into STEM education,
especially in terms of increasing student engagement, enhancing conceptual comprehension, and
developing practical skills. Even while the benefits of education are widely known, particularly in
urban or industrial settings, there is a definite need for implementation plans and legislative
measures that are specifically appropriate for rural learning environments. To properly utilize
these technologies and aid in bridging the gap between urban and rural STEM education, it will
be crucial to address fundamental obstacles including curriculum integration, teacher preparation,
and infrastructure.

lll.  IMPLEMENTATION
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A digital twin is a virtual model that reflects its physical counterpart. Digital twins offer a
comprehensive view of physical entity’s behaviour, condition and performance by using sensors,
IoT devices, and real-time data analytics. For example, A digital twin of a classroom, replicates
its layout, technology, and even human interactions, allowing teachers to test scenarios and
tactics before putting them into practice in the actual world. The overview of digital twin is shown
in Fig.1.

Digital twin comprises of various technologies such as
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Fig.1. Overview of Digital Twin

Today, education has undergone a revolution since it is becoming more and more accessible to
everyone because of the outreach of technology across various sectors. High-speed internet and
reasonably priced internet gadgets have both fuelled the exponential growth of digital education,
and we are currently on the cusp of yet another educational revolution. A classroom experience
unlike any other is promised by the Digital Twins, the next wave of digital education.

Existing digital education models have effectively met the needs of many different sectors. You
have the opportunity to start learning to code today by enrolling in Harvard's free online CS50
course immediately. Working individuals might choose to continue their education and careers by
enrolling in an online MBA program. Now that the top teachers are offering classes online,
students in rural places don't have to go far. Digital Twins are the next big thing that can happen
with education, and the list is long enough to prove that digital education is the way of the future.

Digital Twin provides an AR (augmented reality) or VR (virtual reality) based learning experience
and the learners are able to get better access to the content on whatever is being taught via
running simulations. Fig.2. shows this model.
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Applications of digital twin spread across multiple sectors of education and internet-based
learning. It can give the experience of being physically present and thus have an improved outlook
towards the session for any lecture classes, laboratory exercises and other applications also. It
also aims at redefining the existing view of the classes, learning process for online as well as
offline classes. This futuristic method involves simulation to visualization to synchronization.

Visualization

h 4

Synchronization

h 4

Digital Twin

Fig.2. Technology behind Digital Twin

The better learning experiences are offered through simulating hardware and simulating
processes. Many universities started to deploy digital twins to improve the teaching methods and
also offers a more interactive way of learning to their remote students.

This conceptual paper uses a qualitative, analytical method to investigate how AR (augmented
reality) and Digital Twin technologies may be strategically used to address the challenges in
STEM (science, technology, engineering, and mathematics) education in rural schools. Since the
methodology's main goal is to develop a conceptual understanding and future directions for
implementation, it is primarily based on secondary data collection, framework synthesis and
thematic analysis rather than empirical research.

First, databases like Scopus, Web of Science, ERIC, and Google Scholar were taken to do a
comprehensive literature review. The review focused on peer-reviewed publications from the last
ten years, including technology reports, conference proceedings, policy documents, and journals.
Several combinations of search terms were used, such as "AR in education," "Digital Twin and
learning," "virtual labs in rural schools," "immersive STEM education," and "technology in rural
education." The chosen studies were divided into three main groups: (i) how well AR and Digital
Twin tools may improve STEM teaching; (ii) case studies and pilot projects in underprivileged or

rural areas; and (iii) educational policy frameworks pertaining to fair access to technology.

A comparative case analysis was also incorporated into the process, with an emphasis on a few
international and Indian projects that used immersive technology in low-resource settings. These
included UNESCO-supported augmented reality programs in Southeast Asia, digital twin-based
simulations utilized in Finnish teacher education, and virtual lab projects supported by both public
and private entities like the Atal Innovation Mission (AIM). The comparative method assisted in
identifying best practices, enabling factors, and difficulties related to incorporating technology in
STEM education.

Key obstacles and contextual factors, such as infrastructure readiness, teacher preparation,
student learning results, engagement, and technological access, were also categorized using
theme coding. A conceptual framework that links AR and Digital Twin treatments to particular
educational requirements in rural environments was then created by synthesizing the emergent
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themes. The framework describes the expected results (e.g., enhanced conceptual
comprehension, development of lab-based skills), mediating elements (e.g., learner motivation,
curricular relevance), and input circumstances (e.g., device availability, instructor preparedness).

The National Education Policy (NEP) 2020, advancements on the DIKSHA digital platform, and
the function of District Institutes of Education and Training (DIETs) are among the policy
evaluations of Indian rural education programs that are consulted in order to assure contextual
accuracy. Additionally, the current infrastructure and STEM learning conditions in rural schools
were illustrated wusing figures from official sources like UDISE+ and ASER.

Furthermore, academic specialists in teacher preparation, rural school administration, and
educational technology were consulted in order to improve the conceptual model. These
stakeholders' input improved the model's applicability and validated its underlying assumptions.

Overall, this approach lays the groundwork for further empirical studies and pilot projects while
providing an organized yet flexible framework for investigating the incorporation of AR and Digital
Twin tools in rural STEM education.

The conceptual framework is further classified into three stages named research design, data
collection and data analysis.

3.1 Conceptual Framework

Step 1: Research Design

A well prepared qualitative exploratory study design needs to be adopted that incorporates
literature analysis, pilot case studies and expert interviews from various simulated educational
environments.

Step 2: Data Collection

Data needs to be collected from various sources including academic journals, industry based
white papers and semi structured interviews taken from education technologists and digital twin
developers.

Step 3: Data Analysis

Conduct thematic analysis that helps to identify how digital twins can be perceived and applied in
different educational settings and also their alignment with experiential learning outcomes.

IV. MODEL DESCRIPTION

The model starts with foundational inputs like teacher preparedness, syllabus integration, low-
cost affordable technology and policy initiatives to support digital innovation in rural education.
These inputs are given to the meditating mechanisms and this is called the operational heart of
the system where in digital twin platforms combined with AR tools to deliver the STEM content in
an interactive, locally customized manner. In the next step the blended pedagogical approach
enhances the learning through culturally relevant and also makes the content linguistically
accessible. They can be enhanced by adding interactive components such as quizzes,
exploratory tasks and feedback modules that helps in reinforcing the concepts. The next step of
model provides with several learning outcomes includes improved student attitudes, opportunity
to bridge the gap in rural and urban education. Students also begin to develop digital
competencies and problem-solving capabilities for higher education and employment. The final
model of feedback loop ensures the sustainability and adaptivity of the model. Content updates,
technology advancements, and pedagogical development are informed by evaluating student
performance and teacher feedback, which makes the concept flexible and adaptable to changing
rural learning environments.
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The components of this conceptual model consist of input layer, mediating mechanism, output
layer and feedback loop. This is illustrated in Fig.2. The details and examples for various
component in each layer is described below.

v |
INPUT LAYER ‘ MEDIATING MECHANISMS | OUTPUT LAYER FEEDBACK LOOP

Infrastructure Support
Immersive Delivery platform Cognitive Gains Continuous Assessment

Teacher Readiness . 3
Blended Pedagogical Methods Affective Gains
Teacher Reflection and Redesign

B Equity outcomes
Curriculum Mapping L and Local R e

Skill Development
_ - Student Feedback
Policy Support Content interactivity

0 |

Fig.2 AR and Digital Twin-Enabled STEM Learning Framework for Rural Schools
4.1 Components of STEM Learning Framework:

1. Input Layer

a. Infrastructure Support — Local Servers, VR Headsets and Mobile devices
b. Teacher Readiness — Digital literacy and AR/VR pedagogical training

C. Curriculum Mapping — Alignment of digital twin and AR Content with syllabus of national
and state.

d. Policy Support — Government or Institutional funding and Partnerships.

Mediating Mechanisms
Immersive Delivery Platform — AR applications, Digital twin simulators and Virtual labs.

a. Blended Pedagogical Methods — A way to combine traditional setting with interactive
simulations.

b. Language and Local Relevance — Customization to local language and Region-specific
content

C. Content Interactivity — 3D Simulations, Quizzes, Real-Time system behavior and feedback
loops.

Output Layer
Cognitive Gains — Better understanding of STEM concepts

a. Affective Gains — Increased interest, Motivation and Confidence in STEM
b. Equity Outcomes — Reduced disparity of rural — urban in practical STEM exposure
C. Skill Development — Analytical thinking, Problem solving and Digital fluency

Feedback Loop
Continuous Assessment — Real-time learning analytics and Adaptive content

a. Teacher Reflection and Redesign — Adjusting pedagogy based on reflection
b. Student Feedback — Insights into usability, interest and effectiveness in learning
V. FINDINGS

5.1. Enhanced Conceptual Understanding
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The ability of digital twin (DT) and augmented reality (AR) technologies to improve conceptual
comprehension through experiential and visual learning is a significant benefit in rural STEM
education. The lack of laboratories and demonstration tools in rural locations often makes it
difficult for traditional schools to teach abstract scientific concepts. By enabling students to
visualize difficult concepts—Iike biological systems, force dynamics, and chemical structures—in
interactive 3D environments, augmented reality (AR) helps bridge this gap. These immersive
platforms facilitate deeper cognitive processing by allowing students to view and interact with
digital representations of real-world phenomena. For instance, Mufioz et al. (2024) found that
students who were exposed to AR-based STEM modules outperformed their peers who were
taught using traditional methods in terms of comprehension and problem-solving abilities.

Similarly, Zhu et al. (2019) showed how combining AR and Digital Twins in manufacturing
education enabled students to interact with ongoing operations and machine behaviour,
successfully bridging the gap between theoretical instruction and real-world application.

5.2. Increased Student Engagement and motivation

Maintaining student interest in STEM subjects is a persistent challenge for rural educators,
especially when topics seem abstract or irrelevant to daily life. AR and DT technologies have been
shown to significantly boost engagement by introducing interactive, gamified, and contextually
rich content. These tools create immersive environments that inspire curiosity and active
participation. In a study conducted at a rural school in Malaysia, Wong et al. (2021) found that
students exposed to AR-enhanced lessons exhibited heightened enthusiasm, stronger classroom
attendance, and more collaborative learning behavior (Wong et al., 2021). Likewise, Lasica et al.
(2020) noted that students in Cyprus and Greece showed increased interest and motivation in
STEM fields when teachers implemented AR-supported inquiry-based learning strategies (Lasica
et al.,, 2020). These outcomes shows how immersive technologies could transform passive
instruction into dynamic and student-centered experiences.

5.3. Feasibility of Low-Cost Deployment

It's a common misconception that immersive technologies are too costly or unworkable for
teaching in rural areas. However, by demonstrating affordable deployment alternatives with open-
source platforms and popular mobile devices, a number of case studies challenge this
presumption. For example, Caiza and Sanz (2022) created a functional Digital Twin system to
model industrial processes using a Raspberry Pi and free cloud-based services. This model may
be readily modified for STEM classes with no financial investment. Dani and Supangkat (2022)
demonstrated in a different study that AR and DT tools may be effectively used with commonly
accessible smartphones and tablets, doing away with the necessity for expensive proprietary
equipment (Dani & Supangkat, 2022). These illustrations show that integrating immersive learning
technologies into rural educational settings need not be hindered by financial constraints.

5.4. Reduced Urban-Rural Divide in Practical STEM Exposure

Urban and rural students' disparity in access to experiential STEM learning opportunities is a
recurring problem in educational equity. Rural students are usually only able to get textbook-
based training, whereas urban schools frequently benefit from fully furnished laboratories. By
offering virtual labs and simulations that closely resemble real-world, practical experiences,
augmented reality and digital twin technologies provide a means of bridging this gap. By using
mobile augmented reality applications to access high-fidelity science experiments, Wong et al.
(2021) showed that students in rural locations were able to close the experiential gap with their
urban counterparts (Wong et al., 2021). Similarly, Prakash et al. (2024) created TwinVAR, which
allowed students to interact remotely with Digital Twins in real time. It provided access to the
same interactive models and simulations that are utilized in learning environments that are more
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sophisticated. These resources guarantee fair access to experiential STEM education for kids in
remote areas.

5.5. Teacher Adaptability and Support as Key Enablers

The successful implementation of immersive technology is dependent on teacher preparedness
and the availability of support services. Teachers in remote schools frequently face obstacles
such a lack of training materials, apprehension about incorporating new technologies, and
unfamiliarity with digital tools. According to Gargrish et al. (2021), in order to boost their
confidence in the classroom, rural teachers indicated a great need for organized training courses
and intuitive augmented reality platforms (Gargrish et al., 2021). In a similar vein, llona-Elefteryja
et al. (2020) described a European program in which teacher preparation greatly improved the
capacity to plan and present AR-supported STEM education, leading to better teaching methods
and better student results. These observations highlight the fact that the effectiveness of
technology ultimately rests on the empowerment of the teachers who use it.

5.6. Curriculum Alignment and Pedagogical Integration

The greatest impact of technological tools occurs when they are tightly matched with established
pedagogical approaches and curriculum requirements. Meaningful educational outcomes are
frequently difficult to achieve with standalone augmented reality or digital twin applications that
are not directly linked to learning objectives. According to Lasica et al. (2020), AR modules that
were customized to fit particular syllabus content—including native language options and
regionally relevant scenarios—achieved superior learning results and higher acceptance rates
among teachers and students. Many current AR and DT solutions prioritize technological novelty
above pedagogical coherence, which restricts their scalability in traditional classroom settings,
according to Kinz et al. (2022), who conducted a comparable study. Educational information
needs to be contextually grounded, instructionally sound, and interactive and engaging in order
to be effective over the long run.

5.7. Connectivity and Infrastructure Gaps Persist

Although mobile-friendly AR and offline-compatible Digital Twin systems show promise,
infrastructural inadequacies continue to pose significant obstacles in rural areas. Poor internet
connectivity, fluctuating electricity, and restricted access to digital devices continue to affect many
schools. Although low-cost AR solutions are technically possible, Dani and Supangkat (2022)
emphasized that removing systemic infrastructural constraints is necessary for their wider
deployment. According to Béhm et al. (2021), successful AR and DT applications, even in
industrial settings, necessitate dependable backend systems and user-friendly interfaces, both of
which need to be modified for educational purposes (Béhm et al., 2021). These results emphasize
that in order to guarantee fair access; technical innovation must be combined with fundamental
infrastructure upgrades.

V. CHALLENGES

The first one concerns the information needed to create and update the DT on a regular basis.
The volume of data that needs to be continuously collected, saved, and analyzed could impede
the expansion of DTs if enough hardware and software infrastructure is not in place. It might not
be a problem for small data sets (DTs) of objects and procedures, but for DTs of instructors and
students, it is essential to collect as much data as possible so that the DT can be used for
simulation and prediction.

Since it is nearly impossible to gather all of the information that could be known about a student
in practice, particularly when they are completing coursework offline, any models or processes
pertaining to the use of the learner DT must also account for the impact of "missing" data. One of
the biggest obstacles to the acceptance and use of DT in higher education is teachers' digital
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literacy, particularly for those with non-technical backgrounds.
The design of DTs combines a variety of disciplines, including as computer science, psychology,
statistics, and mathematics.

A user can utilize DTs in educational settings more easily if they have at least a basic awareness
of some of the key concepts, even though they are not required to be informed about all of these
subjects. It is critical to comprehend the management approach that will be taken to ensure the
sustainability of DT. The expense of ongoing development and processing is taken into
consideration when maintaining DTs, in addition to allocating accountability for this maintenance.
Depending on its size, protecting the DT's integrity and security necessitates taking into account
a variety of extra aspects, especially when sensitive data may be involved.

Ensuring acceptable and ethical use of DTs in higher education is challenging, and is linked to
data governance. The data that drives DT technology must be collected, stored, and used
carefully to ensure that students are not put in danger. Learners must be given access to the data
that drives the DT, and if at all feasible, DT managers and designers must discover out ways to
give students authority over their data (Berisha et al., 2021).

VIl. CONCLUSION:

Incorporating Digital Twin and Augmented Reality (AR) into STEM education in rural areas
presents a significant chance to bridge the long-standing learning divide between students in rural
and urban areas. Even in resource-constrained situations, these immersive tools make
complicated STEM topics more approachable and captivating by enabling the establishment of
virtual labs and real-time simulations (Zhu et al., 2019; Mufoz et al, 2024).
The instructional value, technological promise, and equity-enhancing potential of these advances
are highlighted in this paper's conceptual examination. Critical barriers in rural education, like low
student engagement, inadequate lab infrastructure, and inadequate teacher preparation, are
immediately addressed by AR and Digital Twin technologies by promoting interactive, hands-on
learning (Wong et al., 2021; Gargrish et al., 2021).

These tools are useful ways to enhance learning outcomes and student motivation when they are
given through mobile-compatible platforms and properly matched with curriculum goals (Lasica
et al., 2020; Dani). However, key enablers like as content localization, teacher preparedness,
policy support, and reliable infrastructure are necessary for their success (llona-Elefteryja et al.,
2020; Bohm et al., 2021).
Even though issues like inadequate preparedness and weaknesses in digital infrastructure
continue to exist, they are not insurmountable. To create scalable, context-specific models for
implementation, educators, legislators, technologists, and local communities must work together
in concert. Adopting AR and Digital Twin technologies in rural education ultimately reflects a
dedication to guaranteeing that all students, regardless of geography, have equal access to
explore, experiment, and succeed in STEM learning. It goes beyond simple innovation.
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