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ABSTRACT

Blockchain technology is gaining traction among educators as technology continues to
change the education landscape. Students use laptops instead of paper and pencils to take notes;
interactive whiteboards have replaced blackboards; and television, video conferencing, and the
internet impart lectures and teaching materials. Originally designed as a peer-to-peer network to
facilitate Bitcoin transactions, this next-generation technology is poised to transform education
paradigms once again. While schools worldwide are taking steps to reduce their carbon
footprint, heavy reliance on aging infrastructures, diesel buses, and paper-based course materials
contribute to high levels of greenhouse gas emissions. The centuries-old traditional classroom
model still relies heavily on carbon-intensive buildings, materials, and fossil fuels and requires a
new direction to promote sustainable practices.

The teaching modality used to impart knowledge has changed very little since the 19"
century. The focus is to deliver content rather than fostering independent, experiential learning
opportunities. The physical layout of classrooms often discourages easy collaboration and limits
students in different regions from sharing diverse viewpoints. In contrast, blockchain technology
offers a pathway to enhance inclusive, interactive learning using a carbon-neutral environment.
In a virtual learning space, geographical boundaries disappear, along with systemic inequities
such as segregation, gender discrimination, and accessibility barriers for disabled students and
underserved populations. While implementation challenges remain, blockchains’ creation of a
diverse and equitable learning ecosystem has the potential to democratize education and broaden
learning opportunities for all students.

KEYWORDS: Blockchain technology; education; greenhouse gas emissions; carbon footprint;
interactive learning

INTRODUCTION

As the world moves from a physical to a digital economy, the factory model that once
dominated organizational structures ranging from businesses to voluntary clubs is now obsolete.
The education sector also adopted this approach for teaching, with highly regimented governance
and a one-size-fits-all approach to imparting knowledge. This 19th-century pedagogical
classroom, criticized for its lack of individualization and emphasis on rote learning, mirrored the
factory assembly line and is ill-equipped to address the needs of today’s workforce.

In contrast, educators are reshaping the 21st-century classroom to reflect a vibrant mix of
knowledge accumulation, digital literacy, soft skill development, critical thinking, and problem-
solving skills. Emergent technologies like blockchain and the metaverse are transforming the
classroom structure. Blockchain technology’s decentralized platform allows students to share
resources and improve collaborative participation. The metaverse provides a personalized,
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immersive, and engaging learning experience, allowing students to interact directly with their
environment in a way that traditional classrooms cannot.

Students are also using new technologies to address the growing awareness of issues like
climate change and systemic inequities in the education sector. Some schools have established
roadmaps to achieve carbon-neutral goals and eliminate the use of fossil fuels by 2030 and 2040,
respectively (Loveland, R., 2021). In addition to adopting sustainable practices, schools are also
incorporating environmental education into their curricula, teaching students about the
importance of conservation, and equipping them with the skills and knowledge needed to address
environmental concerns.

Systemic inequities in education include factors such as socioeconomic status, race,
ethnicity, or gender. Low-income families or those in remote areas often attend schools with less
funding and access to advanced placement coursework and STEM (science, technology,
engineering, and math) programs. Additionally, schools with fewer resources have difficulties
attracting high-quality teachers or cannot provide the necessary accommodations, technologies,
or trained personnel to provide individualized lesson plans for disabled students, limiting
participation with their non-disabled peers.

Changes and advancements in technology can improve education accessibility for a wide
range of learners, including those historically underserved or excluded from traditional
educational opportunities. However, it is essential that technology promotes equity and access
for all students, and that its benefits are not limited to only those with the financial resources and
infrastructure to access it.

19™ TO EARLY 20™ CENTURY PEDAGOGIES—A BRIEF HISTORY

Prior to 1840, access to education was considered the responsibility of families, churches,
or private schools. Private schools, governesses, or individual tutors were the preferred choices
for wealthy children, and some families sent their children overseas for further education in
Europe. For poor children or those living in rural towns, educational opportunities varied widely
depending on region, race, gender, and socioeconomic class. Most schools barred students with
moderate or severe disabilities (referred to as “feeble-minded” or “crippled”) and sent them to
workhouses or institutions. Students with milder, undiagnosed disabilities like dyslexia or
dysgraphia were often ostracized, labeled as “lazy” or “stupid,” or subjected to harsh corporal
punishments.

The Common School Movement marked a significant shift in accessibility and paved the
way for a more egalitarian and democratic approach to education in the United States. Education
reformer Horace Mann was the foremost proponent of expanding and improving educational
opportunities in antebellum America (Warder, G., 2015). He saw education as a means to
promote equality and opportunity for everyone, regardless of their social or economic
background. He also advocated the creation of a standardized curriculum consisting largely of
the “three R’s” (reading, writing, and arithmetic), along with history, civics, geography, and
rhetoric.
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During the transition from the Agrarian Age to the Industrial Age, Horace Mann's vision
of the common school education model served as a blueprint for the American education system.
This model, later called the factory floor model, emphasized efficiency, mass production, and
maximizing profits. Educators applied similar principles to teach students the essential skills
required for factory work. In the common schools, teachers employed a didactic approach to
transmit knowledge through lectures, readings, or other forms of presentation, emphasizing
conformity and rote learning.

The Progressive Education Movement (1890s through the 1930s), founded by John
Dewey, advocated for a more experiential approach to learning. He believed education should
be an instrument for social change and reform (Cryer, 2021). This era also witnessed an
expansion of schools in metropolitan cities and improved education opportunities for poor and
minority children. However, education was not universal or equal, particularly in southern states
where education was often reserved for white children, often excluding African-American
children from formal education altogether.

Schools and institutions specifically designed for disabled children were underfunded and
unable to provide adequate education and support. After 1920, more than half the states
eventually added special education programs to the curricula (Ferguson, 2014). Girls also faced
barriers to education as they were often expected to prioritize domestic duties over formal
schooling. Additionally, wealthier schools had access to better resources, including textbooks
and qualified teachers, while poorer schools were overcrowded and often struggled to provide
basic facilities and materials. Despite the reforms enacted in the progressive era, systemic
inequities persisted and continue to affect today's educational landscape.

THE IMPACT OF SCHOOLS ON THE CARBON FOOTPRINT

Climate change is at the forefront of the global agenda, and schools are significant
contributors to carbon emissions and air pollutants. According to the U.S. Department of Energy
(DoE), carbon dioxide (CO,) is the largest contributor of greenhouse gases, (GHGs) and schools
alone emit an estimated 72 million metric tons of CO>—the equivalent of 18 coal fired plants
(Bauld, A. 2021).

The environmental impact of K-12 public schools and higher education institutions is
significant: there are over 115,000 public schools serving about 50 million students, using an
estimated two million acres of land (We Are Teachers, 2023), with colleges and universities
spending over $300 billion annually on energy, fuel, and infrastructure. As one of the top public
sector consumers, their energy, transportation, and food resource demands significantly
contribute to GHGs and other pollutants.

K-12 school districts spend nearly $8 billion annually on energy costs, making it the second
largest expense after teacher salaries. According to the Department of Energy’s Better Buildings
Initiative, future repairs for aging buildings will require an estimated $270 billion (BBS, n.d.).
Diesel-fueled vehicles are major sources of harmful pollutants, such as ground-level ozone, soot,
and particulate matter. Schools operate one of the largest mass transportation fleets in the
country, with over 480,000 diesel school buses in use, and approximately 95 percent use diesel
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fuel (Electrification Coalition, 2022). Food waste in U.S. schools is staggering: = The World
Wildlife Fund estimates that U.S. schools waste nearly 530,000 tons annually, costing almost
$10 million daily in management costs. While production, transportation, and handling generate

CO; emissions, wasted food sent to landfills produces methane, a more potent greenhouse gas
(Buzby, 2022).

INITIATIVES TO REDUCE CARBON AND POLLUTANTS

Schools nationwide are partnering with several government agencies dedicated to
reducing carbon emissions and pollutants. One such program is the Environmental Protection
Agency (EPA) Energy Star initiative, which equips K-12 schools with benchmarking tools,
management guidelines, and technical advice to assess and enhance their energy performance.
Many K-12 schools have developed a collaborative framework to achieve a carbon-neutral
campus footprint, as shown in TABLE 1 below.

TABLE 1: GREEN INITIATIVES DEVELOPED BY K-12 SCHOOLS
TOPIC INITIATIVE

FOOD MANAGEMENT e Offer vs. serve food service
e Reusable silverware and dishes
e Purchase food in bulk
e Use refillable water bottles only
TRANSPORTATION e Alternative fuel vehicles
e Improve route plan management
e Electric busses
e Switch to ultra-low sulfur diesel fuel
ENERGY EFFICIENCY e Turn off appliances and devices daily
e [Use dimmer switches, timers, Sensors
e Smart control LED lights and fixtures
BUILDING e Use HVAC programmable thermostats
e Install solar panels
e Purchases with Energy Star certificate
e Add additional insulation
OPERATIONS ¢ Conduct periodic energy audits to
e Schedule regular maintenance audits
e (Create recycling program
e Develop greenhouse gas inventory plan

Colleges and universities worldwide are also improving their sustainable policies. The
American Association for Sustainability in Higher Education (AASHE) guides these initiatives
and provides benchmarking tools and resources for colleges and universities (Brinkmann, 2021).
The 21K World School Project (“Project”) recently announced its annual list of the 10 Greenest
Universities in the World (21K School, 2023). These schools focus on setting goals to reduce
carbon emissions and waste by incorporating various initiatives and projects. TABLE 2 below
highlights their current and future initiatives to reduce carbon emissions and pollutants.
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TABLE 2: ANNUAL LIST OF THE 10 GREENEST UNIVERSITIES IN THE WORLD
INSTITUTION NAME SUSTAINABILITY INITIATIVES
1. Simon Fraser University, ¢ Campus buildings reduced their carbon footprint
Canada ¢ Signedthe Race to Zero global campaign

2. University of Alcala, e More efficient water and transportation usage
Spain o Recycle hazmat waste, batteries, & writing materials
3. Rafael Landivar ‘Working toward the UN 2030 Agenda
University, Guatemala Established Climate Change Adaption Research
4. Universidad Sustainable approach for all university functions
Iberoamericana, Mexico Produced potable water
3. Dickinson College, USA Built bio-fuel plants
Recycles edible oils
6. University of Central Monitors usage of water and energy consumption
Lancashire, UK Evaluate impact of travel, waste, and land use
7. University College Cork, Launched the UCC Sustainability Plan
Ireland New standards for food and beverage procurements
8. University of Murcia, Created the observatory for sustainability
Spain Added sustainability coursework to degree program
9. University of Sussex, UK Established a Sustainable Strategy Initiative
Created a campus garden and food markets
10. University of e Focused effort on conserving water
Connecticut, USA e Set goal to be carbon neutral by 2050

All schools have a crucial role in establishing zero-waste initiatives, setting future carbon
reduction goals, and integrating climate change practices into the academic curriculum. From
simple measures like turning off lights to installing energy-saving appliances, the education
sector can act as exemplars to inspire environmental stewardship on a broad scale.

TECHNOLOGY’S ROLE TO PROMOTE A CARBON NEUTRAL FUTURE

Technology has a concomitant role with other initiatives to reduce GHG emissions and
pollutants produced by the education sector. While many schools are reorienting campus
operations to improve energy efficiency, virtual classrooms offer an alternative trajectory to
promote a carbon neutral education model devoid of physical structures, transport vehicles, and
paper-based materials.

Traditional brick-and-mortar schools require significant classroom space, administrative
offices, sports facilities, and parking lots. In contrast, virtual classrooms can deliver education
content entirely through digital platforms, eliminating the need for physical classrooms and
costly building and landscape maintenance. Although shifting education from physical schools
to the home does reallocate some energy and natural resource usage, there are still significant
energy savings. According to a study by the University of West Georgia, online learning helped
cut CO2 emissions by 5-10 tons per semester for every one hundred students (Growth
Engineering, 2022).
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Schools consume an average of 32 billion sheets of paper each year at an estimated cost
of $1.6 billion (McHugh, 2022). Manufacturing the copy paper used in the education sector has
multiple pain points for the environment. Paper production requires large amounts of water—
almost 17,000 gallons to produce one ton of paper (MnTAP, n.d.). This process can strain water
resources, particularly in regions where water is scarce. The pulp and bleaching process also
involves using chemicals such as chlorine and sodium hydroxide, causing chemical pollution of
waterways.

When all classes are taught at a physical campus, students and teachers must travel daily
to and from the school, increasing GHGs and ground-level ozone. Rising fuel prices also affect
students who have long commutes to campus. The U.S. Department of Transportation’s annual
report shows that in the first six months of 2022, the price of gasoline rose 49% and the price of
diesel fuel rose slightly more at 55% in the same period (DoE, 2022). The development of
online and hybrid learning options can provide affordable alternatives for students already
struggling with tuition and other education costs.

Incorporating technologies like blockchain and the metaverse to augment—or replace—
existing teaching modalities can promote awareness of sustainable practices and encourage
behavioral changes to reduce waste. Adding technology to other initiatives is a step forward to
lowering operational costs and increasing accessibility to post-secondary education opportunities

BLOCKCHAIN TECHNOLOGY’S ROLE IN EDUCATION

A blockchain is a decentralized, shared ledger that maintains transactions and documents
in a digital form. The architecture of the ledger enables multiple participants to share
information using a public (permissionless) or private (permissioned) computer network. Each
block has a unique, alphanumeric header containing the hash of the previous block's header
information, linking the blocks together in an unbroken chain. Transactions are verified and
recorded by multiple nodes (computers) using a consensus mechanism that ensures all nodes
agree on the state of the ledger. Once a transaction is approved, each node has a complete copy
of the ledger, providing a high level of redundancy, making the network less vulnerable to a
single point of failure.

For example, if one node breaks or is compromised, the remaining network members can
continue functioning. After a transaction is verified and added to the blockchain, it cannot be
altered or deleted without the consensus of the entire network. A member needs a cryptographic
key or a digital signature to access data in a particular block to prove their identity. This security
measure prevents unauthorized access to the blockchain network. Blockchain’s decentralized
architecture has broad applications for educational institutions to create tamper-resistant records,
smart contracts, and collaborative learning platforms.

SECURE STORAGE OF DIGITAL CREDENTIALS

Blockchain provides a secure way to store and manage academic data, including degrees,
certificates, and other credentials. While many schools have digitized academic records,
verification requests for official transcripts or degree credentials are often a costly, time-
consuming process. Complicating this process is the outdated assumption that a student will
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attend a single university for all educational needs. Recent years have seen an upsurge in
multiple attendance patterns that include one-way transfers (students who leave one university to
complete their degree at another school), swirling (back-and-forth enrollment among two or
more institutions), and concurrent attendance at several institutions (de los Santos, 1990).

Blockcerts is one of many blockchain-based software programs used for notarizing and
storing academic records. This paperless, recipient-centric ecosystem (Blockcerts, n.d.) is an
efficient way to verify and share blockchain-based academic records with employers, educational
institutions, and other stakeholders. Using cryptographic hashes makes records tamper-proof
when creating a repository of all educational achievements throughout a person’s lifetime. They
also streamline student transfers between universities and reduce overhead credential verification
costs.

SMART CONTRACTS

A smart contract is a computer code that automatically executes all or parts of an
agreement and is then stored on a blockchain-based platform (Levi et al., 2018). Blockchain
smart contracts can provide a more efficient and secure way to manage lessons, courses, and test
scores. In addition to securely storing syllabi, curricula, and homework assignments, smart
contracts can automatically grade assignments and issue certifications or badges upon course or
program completion, providing students with a more streamlined and efficient way to document
recognition for their achievements. As students progress toward degree completion, their smart
contracts will pre-establish the conditions and requirements necessary to complete the required
coursework in real-time mode.

Smart contracts can also simplify other academic services. For example, managing
student tuition payments or scholarships is a labor-intensive process that involves multiple
parties—students, parents, foundations, private loan companies, federal and state institutions,
and a university’s finance departments (Moore, 2019). In contrast, a blockchain can automate
payments and improve transparency for students and other stakeholders involved.
Memorializing records using smart contracts also reduces the administrative overhead burden
and the risk of accidental errors or fraud.

PEER-TO-PEER COLLABORATIVE LEARNING

Recent years have seen significant growth in degree alternatives, such as massive open
online courses (MOOCs), certificates received from work-sponsored classes, and continuing
professional education seminars. Companies like ODEM, Triba Learning, and DuoLingo use
blockchain to improve peer-to-peer learning and transnational collaborative platforms. Creating
links inside and outside formal institutions focuses on including disenfranchised students or
those with limited access to educational resources. A blockchain-based platform like EduBlocks
can store learning credentials from any source, including degrees, certifications, and digital
badges awarded by various industry groups, vocational schools, and online courses (Python
easier, n.d.).

Like Bitcoin transactions, EduBlocks tracks and verifies all measurable and recordable
degrees and certificates. As many students weave diverse experiences and skills with traditional
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degrees throughout their careers, educators must recognize alternative education as our
workforce changes (Osborn, 2016). By increasing transparency and documenting other forms of
accreditation, EduBlocks offers an enhancement to a traditional higher education recordkeeping,
one credential—or EduBlock—at a time.

DISRUPTIVE EFFECT ON THE EDUCATION LANDSCAPE

With its decentralized, transparent, and secure nature, blockchain is poised to shift the
education landscape again. The COVID-19 pandemic highlighted the need for flexible learning
environments but also highlighted challenges and inefficiencies in traditional education
pedagogies. Despite using electronic recordkeeping, most institutions rely on a siloed data
structure, creating a cumbersome burden for students to develop a verifiable portfolio of degrees
and certificates (DoE, 2021). In contrast, blockchain’s holistic approach offers an automated,
end-to-end methodology for storing and transferring academic records and credentials from
formal and informal institutions over a person’s lifetime (Badr et al., 2019).

While early use centered primarily on academic records management and summative
evaluation for learning outcomes (Chen et al., 2018), the blockchain ontology is expanding
beyond scholastic records management to provide a collaborative environment accessible to all
students, regardless of geography or socioeconomic status. Instead of relying solely on
textbooks and one-way teaching methods, blockchain technology facilitates a more personalized
learning pathway, allowing students to learn in a more flexible, self-directed manner. As more
universities integrate virtual classrooms and immersive learning into their mainstream curricula,
blockchain and other technologies will explore new ways to store—and impart—knowledge for
the 21%-century and beyond.

THE METAVERSE: THE NEXT GENERATION OF VIRTUAL EDUCATION

The concept of virtual worlds was introduced in 1935 when Stanley G. Weinbaum
described a comprehensive fictional model for virtual reality in a short story entitled
“Pygmalion’s Spectacles” (Marr, 2022). Later, the works of Isaac Asimov, Ray Bradbury, and
other writers in the 1950s described synthetic worlds isolated from humanity. While authors and
playwrights continued to expand on the idea of virtual worlds, the term “metaverse” was not
coined until science-fiction author Neal Stephenson used it in his 1992 novel, “Snow Crash”
(Kim, 2021).

The metaverse is a virtual-reality space in which people can interact with a computer-
generated environment and with each other using avatars. Avatars are digital representatives of a
person that can assume almost any shape or appearance. Combined with Virtual Reality (VR)
headsets, people can engage in a unique taxonomy of social and learning activities. VR headsets
also control avatar movements and include features such as sound, wireless connectivity, and
haptic technology—gloves that simulate the tactile sensation of virtual objects—to enhance the
immersive experience.

METAVERSE USE IN EDUCATION
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The metaverse is a new and evolving technology that belongs in the latest generation of
e-learning tools. Like blockchain technology, the metaverse was created for a different
purpose—not as an alternative to brick-and-mortar classrooms. Although a recent lexicon of
technologists and academics, the metaverse is quickly evolving into a fully immersive, virtual
classroom where students can attend class synchronously from any location (Dwivedi, 2022),
and is rapidly blurring the intersection of physical and virtual worlds with the potential to
transform e-learning pedagogies.

In the fall of 2022, ten universities launched metaversities—digital twin campuses
providing students with a virtual alternative to traditional classrooms (Paykamian, 2022).
Created through a partnership with VictoryXR and Meta (formally Facebook), a metaversity is a
digitized, hyper-realistic replica of a school’s buildings, interiors, and physical grounds. In this
three-dimensional space, remote professors and students use VR headsets to meet synchronously
as if in a physical classroom. A metaverse-enabled learning space offers superior experiential
learning by allowing a seamless interaction within real and simulated environments and
providing an immersive environment where students can teleport to different learning areas.

Metaverse teleportation—the ability to move from one place to another without the
limitations of time or physical means of transportation—enables students to discover history and
culture in a simulated reality. With VR headsets, a classroom can be in a laboratory, under the
sea, or in a historical setting. For example, students studying paleontology can teleport to the
Mesozoic Era to learn about dinosaurs by walking beside them and watching their movements.
Marine biology students can swim in the ocean or walk the ocean floor to study the habitats of
various aquatic life forms. VR is especially valuable for scientific studies, where students can
test chemical reactions without risk of harm, digitally dissect a body organ, or analyze the
chemistry of moon rocks (OutrealXR, 2021: Lin et al., 2022).

Many educators believe the metaverse will permanently change future teaching
modalities. Conventional learning requires a physical location and the synchronous presence of
teachers and students. In contrast, the metaverse allows greater flexibility for students to learn
anytime, anywhere. The goal is not to replace face-to-face learning but to augment it with
synchronous and asynchronous experiential learning. From fine arts to space exploration, the
metaverse will create inclusive and engaging experiences for students of all ages (Marr, 2022).

TECHNOLOGY’S ROLE TO IMPROVE EDUCATION PARITY

According to Jimerson et al., 2021), technology can advance diversity, equity, and
inclusion (DEI) in schools, both individually and collectively. The diversity envelope extends
beyond race and ethnicity; educators must address factors other than what can be seen, such as
gender and disabilities (Carleton, 2021). As the world's challenges become more complex,
students will need critical thinking skills, the ability to solve multifaceted problems, and quickly
adapt to changing circumstances. In his book Landmarks of Tomorrow, Peter Drucker predicted
that knowledge workers would be the dominant segment in the 21%-century workforce (Drucker,
1959). Drucker distinguished these workers from manual laborers paid for performing physical
tasks because of their high creativity and critical thinking skills (The CFI Team, 2022).
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The shift to the digital economy will require highly skilled workers in information
technology, programming, web design, system analytics, engineering, and scientific research.
However, the growing skill gap between affluent and poor students contributes to income
inequality and stagnating incomes, as high-skill jobs become increasingly polarized from low-
skill jobs. Barriers to accessibility, including rising tuition costs, the digital divide, and biases
affecting disabled students, are contributing to difficulties in accessing quality post-secondary
education. As the need for higher education increases, it is essential to leverage the benefits of
technology to close the opportunity gap among students.

Rising tuition costs pose a significant barrier to accessing education, particularly for
students from low-income families who cannot afford the high tuition costs, fees, textbooks, and
other educational expenses. These high costs can result in excluding talented minority students
from attending top colleges and universities, reducing the diverse talent pool of future leaders
and innovators. Today, tuition costs and student loan debts are staggering: from the 1970s
through the 2000s, public university tuition increased by more than 75% every decade, and
tuition inflation averaged a 4.63% annual increase from 2010 to 2020 alone (Hanson, 2022). The
Federal Reserve reported that by the end of 2022, student loan balance debt rose to $1.6 trillion,
with an increasing amount transitioning into delinquency (FRB, 2023).

The digital divide refers to the gap between those who have access to computers, the
internet, and high-speed bandwidth, and those who do not. This pervasive inequality has
garnered global attention since the digital age began in the 1980s (Van Dijk, 2006; Warschauer,
2003). The COVID-19 pandemic exacerbated the digital divide for low-income households and
students living in rural areas with the rapid transition to online learning. This accessibility chasm
is propelling achievement gaps between affluent and economically disadvantaged students.
Consequences can range from reductions in the development of digital skills to reinforcing
socioeconomic inequality.

For nearly a century, schools segregated disabled students into separate classes using
policies like the "separate but equal" doctrine. The novel idea of special education—classrooms
designed for students with learning or physical disabilities—is often described in the context of
the inexorable movement toward integrating students with disabilities into regular education
settings (Ainscow, 1999). Despite passage of legislation like the 1997 Individuals with
Disabilities Education Act requiring equal access to viable schooling options, a study conducted
by the Association on Higher Education and Disability revealed that disabled students
encountered additional barriers in the transition to remote education, including access to a
network, equipment, course assignments, exams, and communication with instructors (Scott &
Aquino, 2021).

Blockchain technology, the metaverse, and other e-learning technologies can foster
greater collaboration and inclusion, by expanding the reach and impact of remote education. For
example, in September 2023, the planned Kenya-KAIST virtual campus located near Nairobi's
capital will extend its reach across continents, allowing students to learn together without leaving
their home countries (WEF, 2022). While technology is not a panacea for all challenges
confronting the education sector, its effective integration will enhance rather than replace human
interaction and creativity in teaching and learning.
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CHALLENGES AND LIMITATIONS OF VIRTUAL EDUCATION

With e-learning’s potential to transfigure online education, there are both extrinsic
(technology integration, cost) and intrinsic barriers (accreditation, academic integrity) to address
before permanently integrating online platforms into mainstream curricula (Yeh & Tsai, 2022).
Despite the technological advancements in virtual learning environments, many educators
remain skeptical whether online education can produce the same learning outcomes as traditional
face-to-face instruction (IHE, n.d.). Additionally, other questions remain about accessibility
limitations and the security of digital platforms.

Established accreditation standards assure students, employers, and other stakeholders
that higher learning institutions meet specific standards of academic rigor. The U.S. has six
accreditation regions recognized by the DoE and the Council for Higher Education Accreditation
(CHEA, 2021) which can create challenges for virtual education programs seeking accreditation.
First, a virtual university may operate across multiple regions, requiring separate reviews from
numerous accrediting bodies. Second, demonstrating academic integrity may be problematic, as
some accrediting bodies may also require documentation that effective proctoring and
monitoring procedures are in place to prevent cheating (Hussein et al., 2020).

While virtual education promises inclusivity for all learners, accessibility for disabled
students remains a concern. For example, virtual learning and teleporting often rely on haptic
gloves to provide tactile feedback to the wearer, so the student can interact with virtual objects
and environments in a natural way (Hassan, 2023). Disabled students may be unable to use
haptic gloves or require adaptations or modifications to the equipment to use them effectively.
Moreover, virtual classrooms may lack closed captioning or text-to-speech functionality for
students with visual or hearing impairments, and developmentally disabled students may require
extended time for exams or individualized support to help them navigate in a virtual classroom.

The cost of creating a virtual classroom can be prohibitive, particularly if there is a need
for custom designs or high levels of interactivity. Software development costs for a high-quality,
custom metaverse platform can range from several hundred thousand to millions of dollars
(Emizentech, 2023). Additionally, there are annual license fees, faculty training costs, and
maintenance fees to consider. If the metaverse becomes integral to the educational landscape,
some students may face geographical or financial accessibility barriers. For instance, students
living in rural areas may lack access to high bandwidth support or a robust internet connection,
or be unable to afford a VR headset meeting the required specifications.

VR headsets collect highly personal and sensitive information such as biometric, health,
and behavioral data (Klein, 2022). The collection and use of this data raise privacy concerns, as
companies or employers could use it for unauthorized purposes such as targeted advertising or
profiling. Furthermore, cybersecurity breaches may disrupt the learning process or halt it
altogether. For example, hackers could manipulate avatars or expose students to inappropriate
content, such as explicit or violent imagery (Dwivedi et al., 2022). Malicious actors could also
gain access and steal sensitive information, such as student test scores, grades, or financial data.
Such an occurrence could have severe legal consequences, damaging an educational institution’s
reputation.
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To gain acceptance and credibility in mainstream academia, virtual-based education must
demonstrate its effectiveness in meeting students’ needs and providing a quality learning
experience. Unfortunately, there is still a significant gap between students with the financial
resources to access technology and those without, disproportionately affecting low-income
students, students of color, and those who live in rural or impoverished nations. As more
universities contemplate virtual education alternatives, educators will likely debate its efficacy
compared to traditional pedagogy and desire further academic research to understand its potential
impact on teaching modalities.

CONCLUSION

Blockchain technology, the metaverse, and digital platforms have the potential to
democratize education while addressing systemic inequities and environmental challenges. Past
pedagogies rarely prioritized racial or ethnic disparities, disproportionately affecting
disadvantaged or disabled students. Access to online resources and virtual classrooms can help
bridge the digital divide and enable students from more diverse racial, ethnic, and socioeconomic
backgrounds to attend school. Technology is the nexus to make learning more personalized,
engaging, and accessible to all students. Future classrooms will blend physical and virtual
environments with digital platforms designed to enhance experiential learning capabilities.

As concerns about the negative effects of climate change grow, schools now recognize
the importance of adopting sustainable practices and reducing their carbon footprint. Virtual
classrooms are the next step in achieving a carbon-neutral campus. Online learning platforms
can reduce the need for physical classrooms, diesel buses, food service, and paper-based course
materials, thereby lowering GHG emissions and pollutants. Although acculturating schools to
change centuries-old pedagogies will be challenging, the increasing desire for flexible learning
options are driving the demand for blended and e-learning opportunities to reshape the
educational landscape.
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