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INTRODUCTION

In the new millennium, there has been a radical change in the nature of the connection between
technology and humanities. The change can be seen in terms of the digital revolution in both history
and archaeology ("the digital turn") according to various academic studies (Berry, 2012; Drucker,
2013). However, the concept entails more than merely transforming data into the digital medium or
applying computers in scholarly work. Starting from the early 2000s, the swift development of Al,
machine learning, GIS, remote sensing, LIDAR technology, big data processing, and 3D models has
radically transformed the study of humanities. Global bodies like UNESCO, Europeana, the British
Library, and the Library of Congress have converted millions of documents, maps, photographs, and
other materials into the digital format available to everyone. The Europeana platform, for instance, gives
access to over 50 million digital items from museums and libraries of Europe. The number of digital
libraries increases worldwide each year. Using these technologies, historians can analyze vast amounts
of archaeological information much faster than by traditional means. As a result, algorithmic tools are
becoming a part of knowledge creation in historiography.

Conventionally, historians had made use of sources such as archival documentation, textual
analysis, epigraphy, and oral histories, archaeologists were more focused on excavations, type
classifications, and material analysis (Renfrew & Bahn, 2016). However, despite the continued
relevance of such practices, advancements in digital humanities have considerably broadened the realm
of history research (Schreibman et al., 2016). Starting from the 2010s, university and library projects
along with digitization efforts of museums and archives have led to the availability of billions of
historical sources on the Internet. Through the use of high-tech software, scholars have been able to
study inscriptions from antiquity, analyse settlement patterns using GIS technology, and even recreate
lost cultural heritage sites in 3D. For instance, the deployment of the LiDAR technology in Central
America in the late 2010s uncovered several thousands of hitherto unknown Mayan architectural
remains buried under thick layers of trees. Additionally, the creation of digital libraries has helped
overcome physical boundaries by allowing historians from various countries to gain access to unique
material without having to travel to the actual locations where the material is housed (Cohen &
Rosenzweig, 2005).

There are several ethical, methodological, and political considerations that arise in conjunction
with digital turn. The Al and digital technologies involved in analyzing history are shaped by prejudices
existing in data sets and in the institution, raising issues pertaining to authenticity, representation, and
digital objectivity (Noble, 2018). Concerns are raised that the use of algorithm may tend to favor
dominant historical narrative at the expense of local, indigenous and marginalized perspectives. The
digital divide due to the inequality in access to costly technology has exacerbated the divide between
highly facilitated digital research institutions and poorly facilitated heritage sites, especially in
developing parts of Asia, Africa, and Latin America. As reported by UNESCO (2022), nearly 60% of
the museums and heritage sites in poorer nations do not have adequate facilities for digitization like 3D
scanning, GIS mapping technologies, and archiving infrastructure. As reported by the International
Council of Museums (ICOM, 2021), less than 30% of African museums currently have access to reliable
high-speed internet connections, limiting their opportunities for involvement in digital heritage
programs and collaborations in academic research across the globe. Furthermore, according to the
World Bank (2023), investment in digital infrastructure across Sub-Saharan Africa constitutes less than
2% of GDP in several African nations, while developed countries invest in excess of 5% of GDP in
digital technology, perpetuating the existing technological divide in preserving heritage. From the late
2010s, discussions about data colonialism, digital inequality, and digital dependency have been
prominent among digital humanities scholars. Internet connectivity, inadequate budget, and digital
know-how remain major hindrances to digital heritage preservation in most nations. As a result, digital
technologies seem to democratize the production of knowledge; they also generate novel forms of
exclusion, dependency, and cultural asymmetries. The relevance of digital technology can be clearly
seen in cultural heritage preservation and museology. As stated by UNESCO (2021), climate change,
armed conflicts, urbanization, environmental damage, and tourism pose a significant threat to heritage
sites throughout the world. Consequently, historians, archeologists, and conservators have turned to
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using technologies like drone mapping, photogrammetry, VR, AR, and Al modeling to save endangered
monuments, manuscripts, and landscapes. After the destruction of cultural heritage sites in Syria and
Iraq due to military conflicts after 2011, various international initiatives relied on 3D scanning and
digitizing endangered monuments and landscapes. Museums have also utilized immersive technologies
for virtual exhibits, Al-based curatorial tools, and immersive experiences of cultural heritage via virtual
and augmented reality (Parry, 2013). Such changes have resulted in museums evolving into more
dynamic venues of knowledge sharing and engaging experiences for visitors rather than simple storage
places. The current paper adds to previous scholarship through critical analysis and synthesis of multiple
concepts within digital humanities, computational archaeology, heritage management, and smart
museum. In particular, this article demonstrates how artificial intelligence, geospatial technology, laser
scanning, virtual reality, machine learning, and digital archives combine to reshape research in history
and heritage field. This paper also adds to the current literature on the topic by addressing less
researched topics of algorithmic discrimination, digital colonialism, authenticity of virtual
reconstructions, and technological inequality. By using recent examples of LiDAR scanning in Maya
region and virtual reconstruction of Notre-Dame Cathedral, the paper discusses opportunities and
difficulties related to digital heritage studies in the twenty-first century. This paper investigates the rise
and significance of the digital turn in history and archaeology through an assessment of the
transformation brought about by computational technology in the areas of history, archaeology, heritage
conservation, museum studies, and public history interrogating the issues that emerge due to
technological dependency within the humanities.

Problem Statement

The unprecedented proliferation of technological applications in the fields of history and
archaeology has completely redefined the processes through which knowledge is produced, analyzed,
preserved, and shared in these disciplines. Technology in the form of Artificial Intelligence (Al), GIS,
LiDAR, Remote Sensing, Digital Archives, Virtual Reality (VR), Machine Learning, etc., has greatly
increased the efficiency and efficacy of research, fieldwork, and even heritage conservation. Since the
turn of the millennium, many museums, universities, and heritage organizations worldwide have
embraced computational means of both digitalizing data and engaging with communities. Yet, the
increasing reliance on these technological tools has created profound epistemological, ethical, and
political issues surrounding topics such as algorithmic bias, objectivity in interpretation, techno-
linguistic inequality, etc. Numerous under-resourced organizations and local communities of heritage
are often unable to participate in the development of high-end digital preservation programs on account
of their inability to afford it. Even though the existing literature has considered the use of technology in
humanities studies, the major deficiency of existing studies is their failure to assess the consequences
of the digital turn methodologically, ethically, politically, and culturally.

Methodology

The research adopted a qualitative approach by using descriptive and analytical method to
explore the influence of the digital revolution on the field of history, archaeology, heritage conservation,
and public history. All the research material used for this investigation is sourced through peer-reviewed
journal articles, Archives, books, UNESCO publications, museums publications, digital humanities
studies, among other sources ranging from 2005 to 2024. Analytical and thematic approaches have been
employed to investigate the role played by Artificial Intelligence (AI), Geographical Information
Systems (GIS), LiDAR, Remote Sensing, Virtual Reality (VR), Augmented Reality (AR), Machine
Learning, Photogrammetry, and Digital Archiving technology. The study further applies a critical
interpretative approach to analyse ethical and methodological concerns such as algorithmic bias, digital
colonialism, technological inequality, authenticity of virtual reconstruction, and sustainability of digital
preservation systems. Case studies including the Maya LiDAR project, Notre-Dame digital
reconstruction, and smart museum technologies have been examined to understand the practical
application of computational technologies in heritage conservation and digital humanities research.

RESULT AND DISCUSSION

The Digital Turn and the Transformation of Historical Research
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The appearance of the digital turn during the latter part of the twentieth century and at the dawn
of the twenty-first century has proven to be one of the most significant methodological and
epistemological shifts experienced by the humanities field. Linked closely to the development of digital
humanities, such shift involves the incorporation of computational tools within the processes of research
related to history and culture; in particular, such incorporation has brought about the fundamental
changes to the ways in which information regarding the past is gathered, analyzed, stored, and
distributed (Berry, 2012). Starting from such basic tasks as digitization and electronic cataloging in the
1990s, the use of technology progressed to become sophisticated analytical approaches that include Al,
machine learning, GIS, big data analysis, text mining, and visualization. The transition moved historical
studies from geographically limited and archive-based research to internationally connected and data-
rich research spaces, thus giving historians access to documents which were earlier inaccessible due to
institutional constraints, fragile state or political conditions (Cohen & Rosenzweig, 2005). Thus, today’s
historical studies rely on digital technologies and computational approaches, which facilitate
interdisciplinary and international research. As one of the significant effects brought about by the
transition to digital technology, digital preservation has led to democratizing access to historical
information through its databases. The availability of digitized newspapers, oral histories, manuscripts,
archaeological findings, photos, and government archives in searchable form and made available to a
worldwide audience is now a reality, which has further enhanced comparative, transnational, and global
history. In addition, digital humanities have disrupted traditional historiography that focused on official
state archives and dominant historical voices and included vernacular traditions, community-based
archives, indigenous materials, environmental datasets, and visual history in their analysis of the past.
Therefore, digital history can be said to have been instrumental in producing alternative and pluralistic
histories with marginalized people at the center of attention (Presner, 2016). Finally, public interest in
history has been boosted through digital storytelling tools, virtual exhibitions, interactive timelines,
podcasts, and online museum archives that facilitate access to history through learning participation.

The application of computational tools has also revolutionized historiography and archaecology
through facilitating the analysis of huge amounts of data. Natural language processing, network
analysis, remote sensing, LIDAR, and GIS technologies make it possible for scholars to determine
migration pathways, ideology changes, linguistic changes, trade connections, and other aspects that can
be observed throughout different eras (Graham et al., 2015). GIS and spatial humanities have changed
our approach to historiography by showing that everything we know about history takes place not only
in time but also on specific geographic locations (Bodenhamer et al., 2010). The area of archaeology
has also been greatly influenced by using drones, photogrammetry, and 3D modeling, as such
technologies help identify hidden sites and preserve them in digital form. On the other hand,
notwithstanding the progress made, there have been significant methodological and ethical issues
arising from the digital turn. The problem with an overreliance on quantification is that it tends to
trivialize history and make interpretation difficult (Presner, 2010). There are also issues surrounding
digital colonialism, techno-linguistic discrimination, and concentration of knowledge production in
technologically advanced institutions (Risam, 2018). All these challenges aside, it cannot be ignored
that the digital turn is much more than advancement in technology; rather, it is a radical shift in history
itself.

Computational Archaeology and Technological Innovation

The application of computational technologies in archaeology constitutes one of the most
revolutionary aspects of digitalization in contemporary humanities research. These technologies have
completely transformed the processes that go into discovering, interpreting, reconstructing, and
preserving the material evidence left behind by ancient civilizations. Technologies like Artificial
Intelligence (AI), Geographic Information Systems (GIS), LiDAR, remote sensing, drones, and 3D
modeling have revolutionized archaeology by transforming it from excavation-based practices to
knowledge-based approaches (Forte, 2010). Modern archacology has become a blend of computer
science, environmental sciences, spatial analyses, and digital humanities as it utilizes technology to
interpret the past. For a long time, archacology was based on methods like excavation, hand surveying,
typologies, and field observations. Excavation, however, is a costly, lengthy, and destructive process,
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which is why it is rarely used anymore in today's archaeology (Renfrew & Bahn, 2018). Therefore, non-
destructive digital technologies play a critical role in contemporary archaeology. With GIS technology,
archaeologists can work with geographical data about settlements, migration patterns, hydrology,
agricultural activities, trade networks, and urban planning (Conolly & Lake, 2006). GIS-enabled
landscape archaeology has gained special significance in studies about the interaction of natural
environments and civilizations by combining geographical information with archaeological and
climatic data.

Remote sensing technologies have continued to revolutionize archaeology. Remote sensing
technologies include satellite imagery, aerial photography, drones, and LiDAR scanning. All remote
sensing technologies help archeologists to discover structures that are underground and other features
hidden under the ground without excavating physically (Parcak, 2009). One of the most effective remote
sensing technologies includes the use of LiDAR scanning technology, which uses laser beams to
produce an extensive topography underneath heavy forest cover. An example of a discovery made by
this technology is the 2018 discovery in the Mayan biosphere reserve of Guatemala that led to the
discovery of more than 60,000 structures that had not been discovered before. The structures included
roads, pyramids, irrigation systems, and urban centers that challenged the previous notion that the
Mayan cities were ceremonial centers. Drone technology has continued to revolutionize archaeology
through producing high-resolution 3D images of heritage sites (Campana, 2017). Computational
archacology has revolutionized the fields of heritage preservation and archaeological interpretation
through advances in digital modelling and Al technologies. For instance, after the fire outbreak at the
Notre-Dame Cathedral in Paris, in 2019, 3D laser scans collected before the event were employed to
facilitate the preservation of architectural authenticity in the subsequent restoration work. Machine
learning and Al technologies have been applied in archaeological work, particularly for pottery
classification, predictive detection of sites, manuscript reconstruction, and epigraphy through the
identification of damaged inscriptions and missing texts (Bickler, 2021). Some experts warn against the
risk of Al technologies perpetuating biases contained in their data, emphasizing the need for a critical
approach in archaeological interpretations. All told, computational archaeology presents itself as a
significant paradigm shift in the field of archacology because of its unique integration of technology
and humanities.

Figure 1: Digital Reconstruction and AI-Assisted Restoration of Notre-Dame Cathedral after
the 2019 Fire

/1. Notre-Dame before the fire (2018) 2. 3D Laser Scanning § 3. HBIM (Historic Building
i g Data Acquisition Information Modelling)
2 f 25
T I & J 3 0

4. Structural Analysis 5. Digital Reconstruction
and Al-based Modelling and Simulation

The digital reconstruction of Notre-Dame demonstrates the integration of 3D scanning, HBIM, structural analysis,
Al modelling, and heritage conservation for accurate restoration and preservation.

Source: Ministry of Culture, France. (2021), Digital restoration of Notre-Dame de Paris.

Figure 1 provides the example of digital technologies potential to contribute to the restoration
process in Notre-Dame Cathedral after its disastrous fire of April 2019. This figure shows the
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incorporation of such technological elements as 3D laser scanning, historic building information
modelling (HBIM), artificial intelligence (Al), structural simulation, and digital reconstruction in
heritage conservation. Prior to the fire incident, highly precise laser scanning was conducted of Notre-
Dame Cathedral, which allowed for collecting millions of measurement points about the architectural
structure of the cathedral, thus creating an accurate database of data. In turn, this dataset played an
important part in restoration processes and structural analysis of damaged areas. The use of modelling
and simulation technologies based on artificial intelligence helped conservation engineers assess
structural vulnerabilities, analyze the extent of destruction, and preserve the architectural integrity of
Notre-Dame Cathedral. The advent of artificial intelligence (Al) and machine learning techniques since
the late 2010s has dramatically changed the sphere of archaeological and heritage studies thanks to
applications of pattern recognition, inscription reconstruction, predictive modelling, etc. A machine
learning system can analyze thousands of photographs and structural information in minutes, thus
increasing the efficiency, accuracy, and effectiveness of research. Predictive models also assist
researchers in recognizing structural weaknesses and assessing heritage degradation based on
environmental and spatial data. In this respect, the case clearly reveals how the heritage conservation
practice today is gradually becoming an advanced technological area characterized by digital analysis.
Therefore, the illustration presents the overall transition towards digitization in the heritage
conservation sector, indicating how digital technologies can protect monuments from destruction after
disasters as well as create permanent databases that protect cultural memories and historical information
from physical destruction.

Digital Preservation of Cultural Heritage

A machine learning system can analyze thousands of photographs and structural information in
minutes, thus increasing the efficiency, accuracy, and effectiveness of research. Predictive models also
assist researchers in recognizing structural weaknesses and assessing heritage degradation based on
environmental and spatial data. In this respect, the case clearly reveals how the heritage conservation
practice today is gradually becoming an advanced technological area characterized by digital analysis.
Therefore, the illustration presents the overall transition towards digitization in the heritage
conservation sector, indicating how digital technologies can protect monuments from destruction after
disasters as well as create permanent databases that protect cultural memories and historical information
from physical destruction. Among the greatest advances in the field of digital preservation is the
employment of 3D scanning technology alongside photogrammetry to generate extremely precise
copies of monuments, manuscripts, sculptures, and archaeological artifacts. The latter allows for the
reproduction of the architectural features down to the millimeter scale. As a result of the destruction of
heritage sites in Syria and Iraq committed by ISIS militants starting from 2014, international heritage
projects employed archive photos, satellite images, as well as Al-based reconstruction, in order to
recreate the destroyed monuments in digital form, including Palmyra's Temple of Bel and various
historic buildings in Mosul (Jeffrey, 2015). One more prominent case in point refers to the
reconstruction of Parisian Notre-Dame Cathedral after the fire of April 2019. Previously, architectural
historian Andrew Tallon made a detailed laser scan of the cathedral, which contained billions of
measurements, making his work crucial for the rebuilding process (Jeffrey, 2015). Overall, these cases
illustrate that digital archiving is becoming a new means of creating a "virtual cultural memory."

The digital preservation techniques have also impacted the ways through which people can
engage with their histories and how these are presented. Virtual reality and augmented reality systems
today make it possible for museums and other heritage organizations to provide visitors with fully
immersive experiences of historical cities, temples, archacological sites, and historical locations (Forte,
2010). Notable museums, like the British Museum and the Smithsonian Institution, have scanned and
digitized millions of objects and documents available online to people around the globe. The availability
of open-source digital collections, exhibitions, and online archives allows scholars and the general
public to use the information irrespective of geographic constraints. Various ethical and political issues
emerge when discussing digital heritage technologies. Scholars have highlighted the possibility of
blurring the line between authentic evidence and imagination using Al tools (Jones, 2018).
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Technological differences between technologically advanced organizations and those that lack adequate
resources continue to raise issues of inequality.

Smart Museums and Digital Public History

One of the most noticeable manifestations of digitalization in heritage studies is the rise of the
era of smart museums and digital public history. Previously serving as exhibition halls for artefacts and
manuscripts, museums now represent cultural spaces where people can learn, preserve heritage, and
participate in a variety of educational activities thanks to the implementation of digital technologies
(Parry, 2007). Starting from the 2010s, numerous museums throughout the world have incorporated Al,
AR, VR, digital storytelling systems, and interactive interfaces to ensure higher visitor engagement and
accessibility. As stated in international reports about museums, many of these institutions have
significantly enhanced their digital presence during the time of the COVID-19 pandemic and its
aftermath, which saw a significant increase in the number of museums offering virtual tours and online
exhibits (Giaccardi, 2012). The modern era of smart museums combines digital humanities and Al-
driven curation and immersive technology for engaging cultural participation (Tallon & Walker, 2008).
Well-known museums like the British Museum, Louvre Museum, and Smithsonian Institution currently
offer high-definition digital collections, virtual exhibits, panoramic exploration tours, and interactive
catalogues for their millions of users around the world. The use of AR and VR technologies allows
visitors to participate in the recreated historical environments of Ancient Rome, Egypt, and
Mesopotamia using immersive narrative and 3D visualizations. The use of these technologies enables
visitors to actively engage with recreations of ancient artifacts and monuments rather than just observing
them passively. The emergence of digital collections and online databases has enhanced the educational
role of museums by enabling multidisciplinary and cross-cultural studies despite geographical and
financial constraints. Al technologies are being used in different processes in museums, such as
administration, conservation of the environment and artefacts, and planning exhibitions. The use of
smart sensors can assist museums to monitor conditions like humidity, temperature, and changes to the
structure that might damage the objects preserved in museums and develop better conservation practices
in museums. The digitization of museums presents a range of ethical issues. It has been suggested that
interactive and virtual technologies might contribute to the commercialization of heritage because of
their emphasis on entertainment rather than history education (Smith, 2006). Additionally, the issue of
access to digital technology creates inequalities among museums based on their geographic location.
Questions relating to ownership, repatriation, and sovereignty of the digitized materials of indigenous
and colonized communities are other important topics in digital public history.

Ethical and Methodological Challenges in Digital Heritage Studies

However, the fast development of digital technologies in the realms of history, archaeology,
and heritage conservation has raised many ethical, methodological, and epistemological problems
despite its positive effects. Digital technologies such as Al, GIS, LiDAR, VR, digital archives, and 3D
reconstructions have greatly increased the possibility of archaeological research, the analysis of history,
and heritage conservation; however, these technologies have raised many questions of authenticity,
dependence on technology, algorithmic bias, and digital inequalities between countries around the
world (Risam, 2018). The problem of authenticity is one of the major ones that are being discussed
currently. Reconstructions using Al and immersive simulation technologies are often depicted as
historically exact although they are based on incomplete evidence (Jones, 2018). The computer
simulation of ancient Roman ruins, Mesopotamian cities, and destroyed archaeological sites in Syria
frequently fills gaps with fabricated assumptions using algorithmic data rather than relying on proven
historical facts. The recreation of the Palmyra site in Syria via computer simulation after the site’s
destruction by ISIS highlighted both the potential and the challenges of virtual archacology, with
questions raised about the authenticity of the virtual representations of the culture. This is because some
people believe that the new technology may end up making history fun rather than offering historical
interpretations of the events (Forte, 2010).

Algorithmic bias and digital divide form further complications. Al technologies deployed in
museums, digital archives, and archaeology usually train their algorithms on data sets that tend to be
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dominated by Western collections and English sources, potentially ignoring the role of indigenous
epistemologies, minority languages, oral traditions, and non-Western historical narratives (Noble,
2018). Predictive archaeology through Al automatic classification of pottery pieces, and restoration of
inscriptions become more frequent approaches in archaeology, but experts caution about the
overreliance on technology, as it may erode humanistic skills of contextual analysis, historiographical
criticism, and critical interpretive abilities (Huggett, 2021). Technological inequality widens the global
divide since the technologies mentioned above need to be supported with expensive equipment and
infrastructure (such as LiDAR scanning systems, Al laboratories, VR technologies, or high-capacity
cloud storage), which developing countries cannot afford (Cameron & Kenderdine, 2007). Based on
reports from UNESCO, almost 55% of cultural heritage institutions in Africa continue to experience
difficulties regarding their digital infrastructure, thus excluding them from participation in international
digital heritage projects. This problem is also evident in South Asia and Latin America, wherein there
are limited records of endangered heritage landscapes in international digital collections and databases
of museums. Digital colonialism is one term used to refer to such inequalities where powerful
technological players control global culture (Smith, 2006).

Figure 2: Ethical challenges in digital heritage studies

f1. Authenticity of

Digital Reconstructions

e Al & VR models often rely on
incomplete evidence and
\ speculative assumptions.

2. Algorithmic Bias

o Al systems are trained on Western
datasets, marginalizing indigenous
knowledge and non-Western
perspectives.

Ethical and
Methodological
Challenges in
Digital Heritage
Studies

\ 4. Cultural Sovereignty

| & Ownership

/o Issues of data privacy, indigenous
rights, and digital colonialism in
heritage digitization.

/3. Digital Inequality

o High-cost technologies and weak
infrastructure in developing
regions limit participation.

o

6. Commercialization of
Digital Heritage
o NFTs, virtual tourism and online
exhibitions may reduce heritage to
a market commodity.

( 5. Over-reliance on

Technology ‘

o Automation may weaken humanistic '

skills like critical analysis and
. contextual interpretation.

: 7. Long-term Sustainability & Security
@ o Cyber threats, data corruption, obsolete
software, hardware failure, and high energy
consumption endanger digital preservation.

Source: Authors' compilation based on Noble (2018), Risam (2018), Jones (2018), Parry (2007),
Kirschenbaum (2008), and related literature.

Figure 2 below indicates the emergence of interrelated ethical, methodological, and
sustainability issues due to the fast adoption of digital technology in heritage studies despite significant
breakthroughs in fields such as archaeology, history, and cultural preservation. The figure shows how
questions around the accuracy of reconstruction through Al and VR have arisen considering that these
reconstructions are based on incomplete evidence and predictions rather than verified information about
the past. Moreover, it is evident from the figure that the presence of bias in Al systems designed on
Western data has marginalized indigenous knowledge systems, languages, and histories. Another issue
illustrated by the figure includes digital disparity due to inadequate resources required for digital
preservation in most developing nations. This increasing automation might result in the decline of
humanistic skills in areas like interpretation, historiography, and criticism. The commodification of
heritage in digital form by means of the use of NFTs, immersive tourism, and virtual exhibits poses the
risk of turning cultural memory into a spectacle rather than a tool for historical insight (Parry, 2007).
The figure above highlights the issue of long-term sustainability of digital heritage, which includes
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threats like cyber attacks, data corruption, obsolete technological systems, hardware breakdowns, and
the excessive consumption of energy used for Al calculations and cloud computing (Kirschenbaum,
2008). Numerous digital archives compiled in the 1990s and 2000s are already unavailable due to the
obsolescence of their technological bases. The figure above clearly shows that digital technology has
greatly affected the study and preservation of heritage, but its future effectiveness will depend on
numerous factors.

Future Directions of Digital Heritage Studies

The sustainability of digital heritage from a long-term perspective is also doubtful because
databases, digital platforms, and archives are vulnerable to cyber attacks, system errors, obsolescence,
and corruption (Kirschenbaum, 2008). The fact that some of the digital archives that were launched
during the '90s and early 2000s can no longer be accessed due to their outdated technology and formats
is further proof of the uncertainty regarding the future of the studied phenomenon. In addition, the
increasing commercial use of digital heritage for making money, through initiatives such as NFTs,
virtual tourism, and the trade of virtual art, might result in turning cultural heritage into market spectacle
rather than a chance to learn about history (Parry, 2007). Environmental sustainability has turned into
another pressing question in relation to the excessive energy consumption by processes involving Al
technologies and cloud computing. Al algorithms are now able to recognize settlement patterns,
categorize artifacts, locate architectural structures, and restore incomplete inscriptions with increasing
accuracy (Huggett, 2021). The development of natural language processing techniques and semantic
analysis allows researchers to analyze huge amounts of digitally stored texts written in different
languages throughout history (Graham et al., 2015). Scholars argue that artificial intelligence never
substitutes historical thinking, interpretation, and analysis, which means that cooperation between
technology and people, is inevitable.

Innovations like virtual reality (VR), augmented reality (AR), mixed reality (MR), and
extended reality (XR) may change the face of public history and heritage education in the future. Virtual
visits to recreated historical environments soon be possible without being physically present anywhere;
future museums and digital classrooms enable such visits (Sylaiou et al., 2010). Another innovation is
digital twinning of monuments and heritage sites, which can help in conserving them by providing an
ongoing record of their virtual versions to detect potential problems for their preservation, as well as
prevent disasters from occurring (Boje et al., 2020). In addition, Blockchain technology can assist in
protecting heritage objects from theft by enabling traceability through digital ownership records.

Crowd-sourced heritage documentation and participatory digital humanities are also bound to
grow. Communities and individuals are providing their oral traditions, images, and documents for
digital preservation, breaking away from established patterns of authority in historical preservation
(Giaccardi, 2012). However, there are numerous ethical problems that must be addressed. Economic
inequalities continue to inhibit efforts towards digital heritage preservation within poorer nations, an
overreliance on technology such as Al and immersion can distort the complexity of history and turn
heritage into entertaining simulation (Risam, 2018). Another problem emerging within the field is that
of environmental sustainability. Thus, the future of digital heritage research would hinge not only on
technological innovations but also on ethical and inclusive preservation techniques and approaches. An
important milestone in computational archaeology includes the LiDAR (Light Detection and Ranging)
mapping of the Maya Biosphere Reserve in Guatemala. This technology involves aerial laser scanning
of dense tropical forests and the creation of computerized maps showing underground archaeological
features and sites. Prior to the introduction of LiDAR in archaeology, heavy rainfall and dense tropical
foliage have rendered it nearly impossible to uncover archaeological features such as ruins, roads,
terraces, and ceremonial structures in the rainforests of Central America using conventional
archaeology. LIDAR mapping carried out in 2018 unearthed over 60,000 architectural structures in the
form of pyramids, irrigation canals, paved causeways, terraces, and urban complexes, thereby changing
the preconceived ideas about Mayan civilizations (Canuto et al., 2018). Through LiDAR scans, it
became evident that the Maya civilization was more complex and politically connected than was
previously assumed.
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Figure 3: LiDAR-Based Digital Mapping of Hidden Maya Urban Landscapes in the Maya
Biosphere Reserve, Guatemala

LiDAR Survey of the Maya Biosphere Reserve, Guatemala 7 i#2d| | A.LIDAR Point Cloud
Revealing Hidden Ancient Maya Civilizatic ” i - 7% o

G2

LiDAR-derived topographical map revealing hidden Maya archaeological features, including pyramids, causeways, terraces, reservoirs, and
urban complexes beneath the forest canopy in the Maya Biosphere Reserve, Guatemala.

Source: Canuto, M. A., Estrada-Belli, F., Garrison, T. G., Houston, S. D., Acufia, M. J., Kovi¢, M., Marken, D., Nondédéo, P., Auld-Thomas, L., Castanet, C.,
Chatelain, D., Dripela, T., Lieskovsky, T., Tokovinine, A., Velasquez, A., & Shrestha, R. (2018). Ancient lowland Maya complexity as revealed by airborne
laser scanning of northern Guatemala. Science, 361(6409), eaau0137. https://doi.org/10.1126/science.aau0137

Source: Canuto, et al. (2018). Ancient lowland Maya complexity as revealed by airborne laser
scanning of northern Guatemala. Science, 361(6409), eaau0137.

The above figure 3 highlights how LiDAR (Light Detection and Ranging) technology has
revolutionized modern archaeology by exposing hidden archacological artifacts of the Maya culture
beneath the thick canopy of the Maya Biosphere Reserve in Guatemala. Digital terrain models show
pyramids, causeways, reservoirs, canals, roads, agricultural terraces, and city centers that had remained
undiscovered using conventional excavation techniques. In total, the LIDAR mapping carried out in
2018 exposed over 60,000 hidden buildings, suggesting that the Maya civilization had been much more
urbanized and connected than previous archaeological analyses would have us believe (Canuto et al.,
2018). This is a demonstration of how digital technology is changing the way that archaeology is done,
from being a practice focused on excavations to becoming a more data-driven and spatial analysis-based
practice. Through the use of LIDAR and Geographic Information Systems (GIS) technology, along with
other remote sensing technologies, archaeologists are able to conduct research regarding the patterns of
settlements, transportation networks, environmental features, and society structures at a large scale
without disturbing vulnerable historic landscapes. This case study indicates that digital technology is
not just facilitating archaeologists' work but revolutionizing history research and interpretations of
prehistoric societies. By examining the image, we realize that it represents the wider trend in the digital
transformation of archaeology, through which archaeologists have managed to recreate ancient cultural
landscapes using sophisticated computer technologies.

CONCLUSION

The digital turn in history and archaeology signifies a profound paradigm shift that
fundamentally redefines how knowledge about the past is produced, interpreted, preserved, and
communicated. The introduction of modern technologies like artificial intelligence, geographic
information systems, LiDAR technology, virtual reality, augmented reality, and digital archiving has
not only enhanced the availability of historical information and made revolutionary archeological
discoveries possible but has also changed the way people interact with their cultural heritage. This
development has allowed heritage sites that are at risk of being destroyed to be recreated digitally,
promoted more diverse historiography, and redefined heritage institutions into participatory entities. At
the same time, the emergence of new technologies raises significant ethical and methodological
questions. The future directions imply that the combination of cutting-edge technologies, including
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digital twins, Blockchain technology, and immersive realities, alongside participatory heritage
initiatives is a driving force in transforming the area. However, to sustain these innovations, a balanced
strategy should be implemented based on the principles of inclusiveness, sustainability, and ethics. The
digital turn is probably one of the revolutionary stages in the development of contemporary humanities
research. It is essential to utilize innovative technologies and at the same time ensure ethical
considerations, community involvement, and equal access to digital heritage.

Author Contribution

Dr. Jyoti Dwivedi contributed to conceptual development, theoretical framing, manuscript
writing, content structuring, and compilation of research materials related to digital humanities,
archaeology, and heritage studies. Dr. Khushboo Kumari contributed to conceptualization, analytical
interpretation, literature review, methodology design, supervision, and critical revision of the
manuscript. Both authors participated in examining scholarly sources, interpreting findings, refining the
academic content, and enhancing the overall quality of the study. All authors reviewed, revised, and
approved the final version of the manuscript for publication.

Ethical Consideration

The study is entirely based on data collected from published books, peer-reviewed journal
articles, institutional reports, digital archives, and publicly available academic literature; therefore, no
human participants were involved and formal ethical approval was not required. All interpretations,
analysis, and conceptual discussions presented in the study are original contributions of the authors.
ChatGPT was used only for grammatical correction, language refinement, and figure preparation
support, intellectual ownership, analytical interpretation, and academic responsibility remain solely
with the authors. Proper citation practices and academic integrity have been maintained throughout the
research.

Funding Statement

Nil

Conflict of Interest

The authors declare that there is no conflict of interest regarding the publication of this research.
Data Availability

The study is based entirely on data collected from publicly available academic books, peer-reviewed
journal articles, institutional reports, digital archives, UNESCO publications, and online scholarly
resources related to digital humanities, archaeology, heritage preservation, and museum studies. No
survey data were collected for this research. All data and materials used in the study are properly cited
and can be accessed through the respective published sources referenced in the paper.

REFERENCES

1. A.C. Addison, “Emerging Trends in Virtual Heritage,” IEEE Multimedia, vol. 15, no. 2, 2008, pp.
6-9.

2. David M. Berry, Understanding Digital Humanities, Palgrave Macmillan, 2012.

3. S. H. Bickler, “Machine Learning Arrives in Archaeology,” Advances in Archaeological Practice,
vol. 9, no. 2, 2021, pp. 186-191.

4. David J. Bodenhamer, John Corrigan, and Trevor M. Harris, The Spatial Humanities: GIS and the
Future of Humanities Scholarship, Indiana University Press, 2010.

5. C.Boje, A. Guerriero, S. Kubicki, and Y. Rezgui, “Towards a Semantic Construction Digital Twin:
Directions for Future Research,” Automation in Construction, vol. 114, 2020, Article 103179.

6. Anne Burdick, Johanna Drucker, Peter Lunenfeld, Todd Presner, and Jeffrey Schnapp, Digital
Humanities, MIT Press, 2016.

7. Fiona Cameron and Sarah Kenderdine, eds., Theorizing Digital Cultural Heritage: A Critical
Discourse, MIT Press, 2007.

Jyoti Dwivedi & Khushboo Kumari 11



Historical Research: Journal of History and Archaeology ﬁ
ISSN: 2583-9764 @

Vol. 04, No. 01, Jan-Mar, 2026 W

8.

0.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Stefano Campana, “Drones in Archaeology: State of the Art and Future Perspectives,” Archeologia
e Calcolatori, vol. 28, no. 2, 2017, pp. 1-26.

Marcello A. Canuto et al., “Ancient Lowland Maya Complexity as Revealed by Airborne Laser
Scanning of Northern Guatemala,” Science, vol. 361, no. 6409, 2018, Article eaau0137.

Daniel J. Cohen and Roy Rosenzweig, Digital History: A Guide to Gathering, Preserving, and
Presenting the Past on the Web, University of Pennsylvania Press, 2005.

James Conolly and Mark Lake, Geographical Information Systems in Archaeology, Cambridge
University Press, 2006.

Richard J. Evans, In Defense of History, W. W. Norton, 2001.

Maurizio Forte, Cyber-Archaeology, Archaeopress, 2010.

Elisa Giaccardi, ed., Heritage and Social Media: Understanding Heritage in a Participatory
Culture, Routledge, 2012.

Shawn Graham, lan Milligan, and Scott Weingart, Exploring Big Historical Data: The Historian’s
Microscope, Imperial College Press, 2015.

James Huggett, “Algorithmic Agency and Archaeological Practice,” Open Archaeology, vol. 7, no.
1, 2021, pp. 14-29.

Stuart Jeffrey, “Challenging Heritage Visualization: Beauty, Aura and Democratization,” Open
Archaeology, vol. 1, no. 1, 2015, pp. 144-152.

Sian Jones, “Wrestling with the Social Value of Heritage: Problems, Dilemmas and Opportunities,”
Journal of Community Archaeology & Heritage, vol. 5, no. 1, 2018, pp. 21-37.

Kostas Kabassi, “Evaluating Websites of Museums: State of the Art,” Journal of Cultural Heritage,
vol. 24,2017, pp. 184-196.

Yehuda E. Kalay, Thomas Kvan, and Janice Affleck, eds., New Heritage: New Media and Cultural
Heritage, Routledge, 2008.

Matthew G. Kirschenbaum, Mechanisms: New Media and the Forensic Imagination, MIT Press,
2008.

Safiya Umoja Noble, Algorithms of Oppression: How Search Engines Reinforce Racism, NYU
Press, 2018.

Sarah Parcak, Satellite Remote Sensing for Archaeology, Routledge, 2009.

Ross Parry, Recoding the Museum: Digital Heritage and the Technologies of Change, Routledge,
2007.

Todd Presner, “Digital Humanities 2.0: A Report on Knowledge,” English Language Notes, vol.
47, no. 1, 2010, pp. 25-34.

Lara Putnam, “The Transnational and the Text-Searchable: Digitized Sources and the Shadows
They Cast,” The American Historical Review, vol. 121, no. 2, 2016, pp. 377—402.

Colin Renfrew and Paul Bahn, Archaeology: Theories, Methods, and Practice, 7th ed., Thames &
Hudson, 2018.

Roopika Risam, New Digital Worlds: Postcolonial Digital Humanities in Theory, Praxis, and
Pedagogy, Northwestern University Press, 2018.

Susan Schreibman, Ray Siemens, and John Unsworth, eds., 4 New Companion to Digital
Humanities, Wiley Blackwell, 2016.

Laurajane Smith, Uses of Heritage, Routledge, 2006.

Stella Sylaiou, Katerina Mania, Athanasios Karoulis, and Martin White, “Exploring the
Relationship between Presence and Enjoyment in a Virtual Museum,” International Journal of
Human-Computer Studies, vol. 68, no. 5, 2010, pp. 243-253.

Loic Tallon and Kevin Walker, eds., Digital Technologies and the Museum Experience: Handheld
Guides and Other Media, AltaMira Press, 2008.

Bruce G. Trigger, A History of Archaeological Thought, 2nd ed., Cambridge University Press,
2006.

Jyoti Dwivedi & Khushboo Kumari 12





