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The increasing application of artificial intelligence in cultural heritage conservation, while offering

unprecedented opportunities in documentation, data analysis, monitoring, and preventive conserva-

with the theoretical foundations and ethical principles of conservation. The present study, while ac-
knowledging the positive capacities of artificial intelligence in cultural heritage conservation, adopts a
qualitative approach within an interpretive-critical framework, aiming to fill the existing research gap
in the systematic identification of the theoretical, ethical, and practical risks and challenges of this
application, and seeks to identify the actual and potential threats posed by the deployment of this
emerging technology in cultural heritage conservation. The research data were collected and analyzed
based on scholarly literature, international policy documents, and the theoretical foundations of cul-
tural heritage conservation. The findings indicate that the status of artificial intelligence, beyond that
of a mere technical tool, is gradually shifting from an auxiliary instrument to an interpretive agent,

thereby participating in both the quantity and quality of conservation interventions. This shift in status
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gives rise to numerous challenges classified under six categories: epistemological, ethical, socio-cul-
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for this domain. By emphasizing awareness of the risks ahead, the present study argues that only

through such measures can it be ensured that cultural heritage becomes a beneficiary of technological
capacities rather than a victim of technological acceleration.
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Introduction

The expanding application of artificial intelligence (AI) across
human life has, alongside unprecedented opportunities, given rise
to ethical, social, and legal concerns ranging from the diminishing
role of human agency in critical decision-making to threats to hu-
man rights and intensifying inequalities reflected in major policy
instruments such as the EU's Artificial Intelligence Act and
UNESCO's Recommendation on the Ethics of Artificial Intelli-
gence. The field of cultural heritage conservation has likewise
been increasingly shaped by Al, now employed in documentation,
digital reconstruction, data analysis, and conservation decision-
making. Unlike many technical domains, however, decision-mak-
ing in this field is inherently bound to concepts such as culture,
value, authenticity, identity, and collective memory—rendering
Al's application particulatly fraught with fundamental questions.
A review of the literature reveals three categories of prior studies:
(l)macro-level, interdisciplinary studies on Al ethics that fail to
engage with cultural heritage's specific characteristics; (2)human-
centred studies examining Al's application at the level of accessi-
bility, user experience, or knowledge transfer, without extending
this human-centredness to specialised, value-laden conservation
decision-making; and (3)critical studies focused on a single dimen-
sion—such as data quality and reproduction of cultural inequality,
privacy violations, ethical implications of algorithmic decisions, or
ethical framework design. This reveals a significant research gap:
the absence of a systematic identification of the theoretical, ethi-
cal, and practical challenges posed by Al in cultural heritage con-
servation. The present study addresses this gap, proceeding from
the premise that Al's application in this field must be reconceptu-
alised within values-based conservation, and asks to what extent
Al in conservation processes may prove incompatible with the
field's ethical principles and foundational concepts. The aim is not
to negate Al's positive potential, but to underscore the necessity
of rethinking its role in light of values-based conservation princi-

ples.
Methodology

This study adopts a qualitative approach within an interpre-
tive-critical paradigm, aiming to explain and critically analyse Al's
actual and potential implications for the theoretical foundations,
ethical principles, and core values of cultural heritage conserva-
tion, rather than pursuing empirical evaluation or statistical test-

ing. Data were collected through documentary analysis and a sys-

tematic review of authoritative sources across four categories: sci-
entific literature on Al in cultural heritage; sources on technology
ethics and international policy instruments (particularly the
UNESCO Recommendation, the EU Artificial Intelligence Act,
and the Ethics Guidelines for Trustworthy Al); foundational the-
oretical and ethical literature on conservation and restoration; and
critical scholarship on Al's application in heritage conservation.
The analytical framework integrates two theoretical domains: the
theoretical foundation and professional ethics of conservation,
grounded in the values-based approach (rooted in the Burra Char-
ter and elaborated by the Getty Conservation Institute), encom-
passing respect for the object and stakeholder communities, au-
thenticity, integrity, minimal intervention, and the derivative prin-
ciples of reversibility and distinguishability; and the ethical frame-
wotks governing Al, particulatly UNESCO's principles (avoid-
ance of harm, fairness, transparency, accountability, and human
oversight) and the Eutopean Parliamentary Research Service
guidelines. The analytical process unfolded across four stages: re-
viewing literature and policy documents to identify current Al ap-
plications and prevailing Al ethics principles; identifying tensions
between Al's application in conservation and the field's founda-
tional principles, informed by the precautionary principle; expli-
cating these challenges through principle-based reasoning, con-
ceptual analysis, and comparison with empirical evidence; and cat-
egorising the challenges by nature and origin. This approach is
grounded in the precautionary principle and the Collingridge di-
lemma, whereby a technology's design invatiably precedes its full
ethical evaluation. Given the often irreversible nature of harms in
cultural heritage, proactively identifying potential threats before
empirical evidence consolidates is regarded as both a professional

and ethical imperative.
Findings

The findings indicate that Al's position in conservation pro-
cesses is gradually shifting from an auxiliaty tool toward an "in-
terpretive agent”, one that participates in the diagnosis, interpre-
tation, and even proposal of conservation and restoration inter-
ventions. This shift has given rise to thirteen distinct challenges,
classified into six overarching categories. At the epistemological
level, the most salient challenges are the low reliability of Al out-
puts due to algorithmic errors and data deficiencies (illustrated by
the inconsistent outputs in the reconstruction of a Greek kouros

and the documented historical inaccuracies produced by Google's
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Gemini model), together with the threat to, and distortion of, au-
thenticity in historical artefacts. At the ethical level, challenges in-
clude conflicts with the beliefs and value systems of source com-
munities, the potential use of digitisation to justify physical de-
struction of artefacts (illustrated by the reconstruction of the Pal-
myra Arch of Triumph), and ambiguity in accountability through-
out the decision-making chain. At the socio-cultural level, chal-
lenges include cultural, historical, and religious biases influencing
digitisation processes; the threat to cultural diversity and margin-
alisation of local and lesser-known cultures (evidenced by the un-
derrepresentation of African data and racial homogenisation in
Stable Diffusion outputs); and the erosion of communities' sense
of ownership of, and responsibility toward, their heritage. At the
economic level, challenges include the need for substantial capital
investment, susceptibility to funders' interests, and the risk that
economic interests override scientific and ethical criteria. At the
professional level, challenges include erosion of the value inherent
in conservation (explicated through the concept of kintsugi), the
risk of dehumanising cultural heritage and displacing human ex-
pertise, loss of traditional knowledge and skills, and difficulty ad-
hering to the principle of minimal intervention. Finally, at the
technical level, challenges are the low reliability of outputs and the
potential for manipulation, forgery, and misuse of digital cultural

heritage data.
Discussion

The analysis demonstrates that these challenges do not oper-
ate in isolation but constitute an interwoven network, the com-
mon root of many lying in an epistemological gap between "pat-
tern recognition" and "contextualised understanding of meaning."
The low reliability of AI outputs cannot be regarded as a technical
limitation remediable through improved data quality, since even
with sufficient data, Al operates on statistical inference rather
than contextualised understanding of the artefact. The same logic
undetlies Al systems' inability to grasp the principle of minimal
intervention—a principle that lacks objective, definitive criteria
even in human expert judgement. By synthesising the fragmented
findings of existing literature on data bias (Neudecker, 2022), ac-
cess rights and community control (Manzuch, 2017), and the ero-
sion of traditional skills (Gaith and Hutson, 2024), this study
demonstrates that these prior findings represent surface-level
manifestations of a deeper epistemological and ontological prob-
lem. Furthermore, in contrast to studies examining human-cen-
tredness at the level of accessibility and user experience (Pisoni
et.al.,, 2021; Xie, 2022), this study's findings point to the necessity

of elevating human-centredness to the level of specialised, value-

based conservation decision-making. Taken together, this study is
distinguished from prior research in two respects: the comprehen-
siveness of its scope (integrating six dimensions within a single
unified framework) and the disciplinary depth of its analysis (trac-
ing the identified challenges back to foundational conservation
concepts such as minimal intervention, the value of process, and

material and interpretive authenticity).
Conclusion

The findings indicate that Al's application in cultural heritage
conservation, far exceeding a purely technological transformation,
entails confronting a complex, interwoven set of epistemological,
ethical, socio-cultural, economic, professional, and technical chal-
lenges. This study does not seek to demonise Al; rather, drawing
on the historical experience of prior technological transfor-
mations, it emphasises the necessity of a forward-looking, cau-
tious, and critical stance. The ethical and safe application of this
technology requires redefining Al's role as a "complementary
tool" rather than a "replacement for human expertise," alongside
the formulation of dedicated ethical and regulatory frameworks
for this domain. The study proposes that future research priorities
include: empirical, observation-based studies on how Al perceives
authenticity and value relative to expert assessments; quantitative
measurement of the accuracy and error rates of Al systems when
confronting underrepresented heritage; and the development of
specialised ethical frameworks for this field. Only through rigor-
ous understanding of these risks can cultural heritage become not
a casualty of technological acceleration, but a beneficiary of its ca-

pacities.
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Figure 2. Al-generated portrait of Alan Turing, English mathematician
(Sothebys, 2024).
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Figure 1. Ceramic tea bowl restored with gold powder and Urushi
lacquer, Japan, 17th century, preserved at the Smithsonian Museum

(The Beauty of Broken Objects, 2020).
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