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Abstract

This article examines the transformation brought about by artificial intelligence in applied linguistics and language
education in its social, pedagogical, and linguistic dimensions. The central concern is not how advanced these
technologies have become, but which languages are brought to the fore in language education, which speakers are
placed at the center, which forms of knowledge are recognized as legitimate, and for whom learning opportunities
are expanded. On the one hand, artificial intelligence offers important possibilities by increasing learners’
participation in class, providing individualized support, accelerating feedback processes, and opening new
pathways for learning, especially for refugees, displaced communities, Indigenous peoples, and students
marginalized in linguistic terms. Recent research on Google Translate and generative Al tools shows that these
systems can support language learning, expand possibilities for expression, strengthen self-confidence, and foster
social participation. On the other hand, the same field also creates conditions for the reproduction of dominant
languages, standardized views of language, and centralized cultural assumptions. The marginalization of local
languages, dialects, accents, and alternative forms of knowledge stands among the most significant risks of Al-
supported language education. In this context, Birhane’s concept of “algorithmic colonialism” and Meighan’s
notion of “colonialingualism” provide an important conceptual basis for explaining the centers from which
linguistic legitimacy, educational acceptance, and the value of knowledge are defined. The article emphasizes that
a more just Al order requires ethical design, collaborative production, cultural representation, equality of access,
and careful attention to linguistic diversity. It therefore positions artificial intelligence not simply as a technical
innovation, but as a field of power that shapes the direction, scope, and sense of justice within language education.
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1. Introduction

Artificial intelligence has increasingly become a significant area of discussion in applied
linguistics in recent years. This is not solely due to the widespread adoption of new digital tools.
At the core of the discussion lie questions regarding how language should be taught, which
forms of knowledge are considered valuable, which learners are prioritized, and how
inequalities are restructured. The emerging literature on artificial intelligence also appears
poised to make these questions increasingly visible. Discussions surrounding the production of
instructional materials, feedback processes, personalized learning systems, and the assessment
tools used to measure all of these are opening up a broader field of inquiry for applied
linguistics. The key determinants here are: which forms of language use Al highlights, which
forms of knowledge it grants greater acceptance, for whom it creates additional opportunities
in the learning process, and which historical inequalities it can reinforce within new technical
structures. For this reason, artificial intelligence cannot be evaluated solely under the heading
of technical innovation from the perspective of applied linguistics; it must be addressed within
the contexts of linguistic inclusivity, agency, cultural recognition, representation, equality, and
linguistic justice. A point that must be particularly emphasized here is that artificial intelligence
cannot be viewed as an external, auxiliary element added to this field of study. The deeper
process at work involves the reconfiguration of the ground on which it is determined which
languages, which speakers, which forms of knowledge, and which learning experiences are
deemed legitimate.

One of the key points of this study is that discussions regarding artificial intelligence in applied
linguistics are often confined to two narrow interpretive frameworks: On one hand, there is an
approach that highlights artificial intelligence as a tool that facilitates educational processes,
increases efficiency, and opens up new possibilities. On the other hand, there are assessments
that strongly perceive the risks but often leave them within the language of general anxiety.
What is needed from the perspective of applied linguistics is a more careful and constructive
conceptualization that goes beyond these two orientations. What matters here is not whether
artificial intelligence is useful or not. What is decisive is the historical context in which this
technology has gained power, the kinds of openings it creates in language education, the ways
in which it transforms or reproduces inequalities, and the ethical and structural responsibilities
it entails for a more just future. This study comes into play precisely at this point. It neither
frames artificial intelligence within a one-dimensional narrative of opportunity nor evaluates it
solely through the lens of threat. Instead, it examines the multi-layered impact of artificial
intelligence in applied linguistics—which can simultaneously open up inclusive possibilities
and produce exclusionary outcomes—by addressing its historical, pedagogical, linguistic, and
political dimensions.

Artificial intelligence is gaining an increasingly prominent place in the field of language
education. This prominence is often evaluated in terms of technical skills, speed, efficiency, or
personalized learning. However, the core issue lies not so much in how advanced these
technologies have become, but rather in how they influence the structure of language
education—specifically, which forms of knowledge are deemed valid, which languages are
prioritized, and how learning opportunities are distributed among different groups. The
significance of artificial intelligence in applied linguistics must therefore be sought beyond its
technical capabilities. What is decisive here is not merely what tools Al adds to language
education, but in what ways it transforms educational legitimacy criteria, learning processes,
and linguistic hierarchies. This discussion cannot be sustained by treating artificial intelligence
as a timeless, spontaneously emerging innovation. Humanity’s methods of recording,

AIS3, 1(1)
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replicating, transmitting, and circulating knowledge have been reconfigured over a long history
using various technical tools. Artificial intelligence must also be considered within this ongoing
trajectory of transformation. Once such a historical foundation is established, current debates
gain a clearer framework. Changes in learning environments, the forms of knowledge
circulation, the redistribution of teaching authority, and the learner’s role within education
become more comprehensible within this framework. From this perspective, artificial
intelligence also holds significant potential for second-language education. It can open up more
inclusive learning pathways, particularly for communities that are excluded from educational
processes, lack adequate support, or face linguistic pressures. Applications that increase the
learner’s participation in the lesson, provide space for them to direct their own learning, and
make their linguistic knowledge visible are among these opportunities. This area becomes even
more significant when it comes to refugees, displaced communities, indigenous peoples, and
students who are linguistically marginalized. Artificial intelligence holds the potential to
establish supportive, accessible, and empowering learning processes for these groups.
However, this same field also carries significant risks. These risks include the centralization of
dominant languages, the marginalization of local languages, the erosion of cultural patterns, the
reinforcement of a standardized understanding of language, and the deepening of inequalities
in knowledge production. Due to their data-driven operational models, artificial intelligence
systems can easily reproduce the linguistic and cultural frameworks that feed them.
Consequently, inequalities in language education—which are actually the result of specific
institutional and design choices—may be accepted as if they were the system’s natural
functioning. The real issue here is not to present artificial intelligence as a new, useful tool in
education. The real issue is to reveal which structures these technologies reinforce in language
education, which languages they prioritize, for whom they create more space, and whom they
leave behind. Therefore, the question of what criteria language education is built upon and
whose interests these criteria serve must also be considered alongside artificial intelligence. A
more equitable Al system does not emerge on its own. In this field, ethical design, access
opportunities, collaborative production, cultural representation, and linguistic diversity are key
determinants. This is where the crucial point from the perspective of applied linguistics comes
into play. When the debate on artificial intelligence is limited to criteria of success, speed, and
efficiency, the social and political dimensions of language education are sidelined. Yet every
decision made in this field is directly related to which languages are valued, which speakers are
deemed legitimate, and which learning methods are supported. This study examines the
implications of artificial intelligence in the field of education within this broader framework.

The study proceeds through four sections. The first section addresses the technological
transformation of learning environments. Thus, artificial intelligence is evaluated within a
broader context of historical continuity. The second section focuses on the relationship between
artificial intelligence and linguistic inclusion. This section examines the learner’s role within
education, personalized support models, and the opportunities emerging for at-risk
communities. The third chapter discusses the re-colonizing effects of artificial intelligence. The
focus of this chapter is on linguistic dominance structures, cultural erasure, standardization, and
the role of algorithmic processes in these dynamics. The final chapter addresses the relationship
between linguistic justice and the future of artificial intelligence. Here, the conditions under
which more inclusive, accessible, culturally sensitive, and more representative artificial
intelligence systems can be established are discussed. This framework extends the artificial
intelligence discourse beyond the boundaries of technology, pedagogical practice, and ethical
concerns. Once it becomes clear how learning environments have evolved over time through
various tools, how knowledge circulates within specific material and institutional structures,

ais3journal.com



4 Mehmet Dursun Erdem ve Deniz Demiryakan

and what role artificial intelligence plays in this process, the issues of inclusivity, linguistic
dominance, and justice discussed in subsequent sections are grounded on a more solid
foundation. For this reason, it is appropriate to begin the discussion with the technological
transformation of learning environments.

2. The Evolution of Learning Tools

To accurately assess the current role of artificial intelligence in education, it would be
insufficient to treat it as an innovation that emerged spontaneously, disconnected from history.
A more accurate approach is to view artificial intelligence as the current stage in humanity’s
long-standing process of continuously transforming learning environments through technical
tools. From ancient times to the present, human communities have established the concrete
foundation upon which learning rests using the various tools at their disposal. In ancient times,
knowledge was inscribed on rock surfaces, stones, and clay tablets; through these actions, it
was recorded, preserved, and transmitted by being shared with other contemporary
communities and subsequent generations. In this sense, these primitive tools should be viewed
as early technological means that enabled the transfer of knowledge beyond the limits of human
memory. The significant innovation here, of course, lies not merely in the practical ease of
using these tools, but in the fact that knowledge became preservable and transmissible. In other
words, knowledge gained the opportunity to exist for the first time on a permanent recording
medium.

The historical process we are discussing entered a new phase with the use of paper beginning
in the 2nd century BCE. Paper expanded the boundaries of access to information by making
information sharing more accessible. With the printing revolution around 700 CE in China and
after 1440 in Europe, these boundaries of access not only expanded further but also became
institutionalized. The fact that the printing press fundamentally transformed the speed of
information reproduction, its transmission, and the way it spreads throughout society is one of
the most significant outcomes of this revolution. With the widespread availability of books,
newspapers, and other printed materials, the environments for knowledge sharing and learning
have undergone a profound transformation. This change has also brought the questions of what
education is, what purpose it serves, and what new options are available for delivering it to the
forefront. The space opened up by the printing press has liberated people from a learning system
limited to oral transmission and narrow information circles accessible only through handwritten
texts, creating much more powerful learning options.

Considering all that has been discussed so far, it would not be incorrect to arrive at the following
conclusion: Educational and learning contexts have always been intertwined with these tools.
Indeed, the learning environment has been structured from the very beginning alongside the
tools mentioned above. Therefore, viewing artificial intelligence as an externally added patch
would lead to a perceptual illusion. It is crucial to consider the structural causality of artificial
intelligence within the historical continuity of processes involving the recording, replication,
processing, and validation of knowledge at the individual and community levels. Following the
printing press, the Industrial Revolution carried this transformation to a different plane.
Learning environments have acquired a visible, organized, and interactive quality. While this
quality was intended to cultivate individuals who would become the cogs in “production lines”
—and may have shifted toward a purely pragmatic (perhaps misinterpreted) tendency driven
by a capitalist mindset—it nevertheless enabled learning environments to access a certain
managerial and scientific infrastructure. Subsequently, with the rise of computers and the
internet’s rapid transformation into a global communication and information infrastructure, the

AIS3, 1(1)
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Digital Age began. A defining feature of this era is the significant reduction in the spatial
constraints of information. The Digital Age has weakened the restrictive impact of geographical
distance between nation-states on access to information; it has made information and its
circulation readily available, fast, and easily accessible (Dovchin & Oliver, 2021). Thus, the act
of learning has moved away from the shadow of specific institutions and authorities, becoming
a more individual and public endeavor. This transformation has been amplified by mobile
technologies and has positioned itself as a candidate for generating richer solutions for the user.
For example, smartphones and tablets have made the learning environment portable and
adaptable to the user. More importantly, by enabling experiences that can be conceived as a
fusion of time and space, they have facilitated access to information clusters that can be reached
with a single touch at any moment and almost anywhere. In other words, learning has evolved
from being an activity confined solely to the classroom, library, or specific time frames into an
experience that permeates daily life, shifts alongside the dynamic subject, and gains continuity.
When viewed from this perspective, another striking aspect of the evolution of educational
technologies is this: Every new development does not merely facilitate access to educational
environments. It also redefines who produces knowledge, who validates it, and who is
considered a learner or an educator. For this reason, the transformation in technology and the
shift in power dynamics cannot be considered separately. Every threshold in the history of
education reconfigures power relations alongside knowledge.

Artificial intelligence, one of the most significant of these turning points, has reached a more
complex phase through the re-examination of all these intertwined structures and centuries-old
habits. The learning environment and human education are now being transformed by artificial
intelligence as well. Artificial intelligence refers to machine-based systems capable of
generating predictions, offering suggestions, or developing solutions in accordance with goals
defined by humans (Zhao & Goémez Farinas, 2023). The transformative potential of Al-
supported language learning environments is particularly vast. These systems accelerate access
to language learning opportunities and make this field more accessible for diverse user groups.
Moreover, their impact is not limited to ease of access. They also profoundly influence the
structure, functioning, pedagogical understanding, and institutional framework of language
learning (Pack & Maloney, 2024). Therefore, what is at stake here is not merely an auxiliary
convenience added to the existing educational system, but a more fundamental transformation
that is beginning to reshape the direction and functioning of the field.

The effects of artificial intelligence on language education are not uniform. The same technical
infrastructure can yield different results depending on the social and institutional conditions in
which it is used. In some cases, it challenges established assumptions and entrenched practices
in language education; in others, it perpetuates historical inequalities through new tools. For
this reason, artificial intelligence is an area that requires careful examination from the
perspective of applied linguistics. The fundamental responsibility of researchers and educators
is neither to attribute unconditional value to artificial intelligence nor to reject it outright. The
essential need is to develop a critical approach that continuously questions which communities
these technologies create new learning opportunities for, which inequalities they reproduce, and
how they influence power dynamics within language education. Without such an approach, the
discourse of innovation can become a new tool for legitimizing existing inequalities. The
primary responsibility in the face of this technological transformation is to make learning more
inclusive, equitable, and effective for everyone. Researchers and educators in the field of
applied linguistics must keep alive questions focused on concepts and issues such as equity, the
vast disparities in digital literacy levels, and the ethical use of artificial intelligence. However,

ais3journal.com



6 Mehmet Dursun Erdem ve Deniz Demiryakan

such an approach takes the discussion we have mentioned beyond technical capacity or
educational efficiency; it establishes a broader framework for evaluation that also accounts for
ethical, political, and epistemological consequences. Because every decision regarding artificial
intelligence also influences how language education will be shaped by which understanding of
justice, which access framework, and what conception of humanity.

3. Artificial Intelligence and Linguistic Equality

One of the significant potentials of artificial intelligence is its ability to open up a space capable
of challenging entrenched linguistic hierarchies in language education. Artificial intelligence
offers a crucial opportunity to question the linguistic inequalities that have long persisted in the
field of language education. In this field, where certain languages, speech patterns, and learning
practices are deemed more prestigious, many students find themselves excluded from the
educational process due to their own linguistic background. Artificial intelligence can
contribute to rethinking this established structure. It can shift the learning process away from a
structure reliant on a single source and authority toward a relational framework where the
student plays a more active role. This situation is particularly significant for second-language
learners. This is because the challenges these students face often extend beyond academic
difficulties to include migration, exclusion, insecurity, and everyday problems. Under such
conditions, artificial intelligence can provide a learning support system that is constantly
accessible and capable of generating immediate responses. It gives students the opportunity to
practice, ask for explanations, construct sentences, improve their writing, and experiment with
different ways of expressing themselves. This contribution does not establish a system that
replaces the teacher, as some claim; rather, it expands the scope of interaction within the
learning process. Thus, the student moves away from the role of a passive recipient of ready-
made knowledge and becomes a more active agent who asks questions, experiments, makes
decisions, and directs the learning process. In addition to all this, the contributions offered by
artificial intelligence do not end here. These systems can help identify areas where students are
struggling earlier, pinpoint students who need more support, and intervene at the appropriate
time (Huang et al., 2023). Functions such as preparing texts appropriate to the student’s level,
creating exercises, developing discussion questions, providing writing samples, generating
assessment criteria, and clarifying the student’s prompts can also be considered within this
scope (Pack & Maloney, 2023). There is also a significant contribution in terms of writing
instruction. Students can learn to write effective prompts for artificial intelligence, engage in
writing tasks within a specific role, refine their text within a conversational flow, and
experiment with different writing styles (Ingley & Pack, 2023). The key point here is the shift
in the student’s position within the learning process. Students can transition from being passive
recipients of information to active agents who work with information, experiment, learn from
mistakes, and direct their own learning. This shift is particularly noteworthy in second language
education. This is because, for a long time, teachers have largely determined the direction,
content, and valid forms of knowledge in the classroom. Artificial intelligence, however,
enables students to play a more active role in this process. In particular, Al tools that are publicly
accessible and used in light of pedagogical research can create new learning opportunities for
students in vulnerable circumstances; in this regard, they can contribute to a more equitable
educational environment (Huang et al., 2023).

This opportunity offered by artificial intelligence is being utilized more effectively by groups
that have been marginalized for various reasons. Refugees and groups displaced by war and
conflict are among the most prominent examples. Bogachenko and colleagues’ (2024) study
demonstrates that Ukrainians who settled in Australia following the Russia-Ukraine war
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derived significant benefits from using Google Translate. These benefits extend beyond the
ease of daily communication. The research reveals that these individuals have become more
conscious of language in their English learning process and have developed their skills in using
digital tools (Bogachenko et al., 2024). Google Translate has facilitated communication,
alleviated language-related challenges, supported the adaptation process to a new environment,
and strengthened a sense of belonging. A similar situation is observed in Hong Kong. Cheung
and Shi’s (2024) study demonstrates that refugee children in Hong Kong and the students
guiding them have achieved significant gains in their English learning process through Al-
supported activities. These children utilized Al in digital storytelling activities to produce
English texts, refine their narratives, and find opportunities to express themselves more
comfortably. This process supported their creativity, expanded their expressive capabilities, and
contributed to their ability to connect with diverse communities (Cheung & Shi, 2024). What
is noteworthy here is that artificial intelligence does not merely provide technical assistance.
These tools help children living in vulnerable circumstances to tell their own stories, build
connections with others, develop self-confidence, and gain social visibility. Therefore,
language education cannot be approached solely through the lens of traditional success metrics;
dimensions such as participation, visibility, and social inclusion must also be considered.

As the impact of artificial intelligence technologies in the field of education grows, new
opportunities for language learners—particularly those from individuals and groups who have
been socially marginalized for various reasons—are becoming more apparent. As research in
this area increases, the studies discussed here will contribute to the development of tools that
are more inclusive, culturally sensitive, and better attuned to diverse linguistic needs. This body
of knowledge can also provide a solid foundation for educational applications developed for
refugee communities and displaced groups. In particular, these studies can serve as a guide in
reducing inequalities regarding access to technology, language learning opportunities, and
appropriate educational support. When this discussion is considered within a broader
framework, it becomes clear that similar opportunities could yield meaningful results for
indigenous communities as well. Here, inclusivity is not merely a matter of reaching more
people. What is essential is that historically marginalized communities can assert their presence
in their own languages, exercise their right to learn, and participate in knowledge production
under fairer conditions. The value of artificial intelligence in the field of education also emerges
here. The central question is: for whom, for which languages, and under what learning
conditions do these technologies contribute to creating a more equitable educational
environment?

4. Linguistic Hegemony in the Context of Artificial Intelligence

Artificial intelligence offers tools that expand access, accelerate feedback, and tailor the
learning process to the user in the field of language education. However, it is not always clear
on which understanding of language, which cultural norms, and what educational standards
these tools are based. The problem begins precisely here. Because these systems are often
developed using examples of dominant languages, central cultural norms, and widespread
educational practices. When such a foundation is established, the language use and learning
experiences of communities that are not in a strong position in terms of certain qualitative and
quantitative factors can be pushed to the background. To describe this situation, the concept of
“algorithmic colonialism” proposed by Birhane (2020) can be combined with Meighan’s (2022,
2024) “colonialingualism” approach to form the concept of “algorithmic colonial linguistics.”
However, the core issue here is not merely the emergence of individual incorrect results.
Beyond this lies the tendency for the language deemed valid, the knowledge valued, and the
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accepted forms of learning to be determined by a narrow center. This is precisely what
necessitates this concept. Because this structure enables the continuation of old power dynamics
through new tools in Al-supported language education.

Colonialism, in its simplest sense, is one community establishing dominance over another and
maintaining that dominance in accordance with its own interests. The concept of “algorithmic
colonialism” used by Birhane (2020, p. 389) points to the manifestation of this entrenched mode
of understanding in the age of artificial intelligence. Here, dominance refers not merely to a
situation achieved through direct military or administrative means, but to conditions established
through data-processing systems, ranking logics, and Al-based solutions. Systems developed
elsewhere and exported are implemented without accounting for the needs, lifestyles, and
priorities of the communities that import them. Thus, solutions presented in the name of
progress may push local knowledge and local educational understandings into the background.
The concept of “colonial linguistics” used by Meighan (2022, 2024), meanwhile, draws
attention to how knowledge frameworks and languages inherited from the colonial era—
particularly English—maintain their dominant position in education and language policies. This
situation, which we conceptualize as “algorithm-mediated linguistic colonization,” refers to the
convergence of these two processes. On one hand, there are artificial intelligence systems
established from the outside and whose operations are determined from the outside. Artificial
intelligence systems often rely on English, Western-established conceptions of knowledge, and
the criteria that determine what is considered correct, sufficient, or successful in education
within the context of Western understanding. Thus, artificial intelligence also influences which
language is deemed valid, which knowledge is considered valuable, and which learning
methods are deemed acceptable. The true significance of the concept lies here. The issue here
is far more comprehensive than simply granting priority—or, in other words, superiority—to
certain languages. What is decisive is the center from which linguistic validity, the value of
knowledge, and educational acceptance are defined. When Birhane’s concept of “algorithmic
colonialism” is considered alongside Meighan’s concept of “‘colonialingualism,” the conceptual
framework we call “algorithm-mediated linguistic colonization” points precisely to this power
of definition. Al-powered systems also influence which language is deemed valid, which
knowledge is considered valuable, and which forms of learning are deemed acceptable. The
explanatory power of the concept lies here. Because power dynamics are perpetuated through
linguistic priorities, evaluation criteria, and data-driven systems.

Algorithm-mediated linguistic colonization is far from being an abstract possibility. This trend
is clearly visible in concrete examples. It is particularly evident in the resurgence of European-
centric and English-based language norms. Carbajal-Carrera’s (2024) concept of “Alsplaining,”
proposed in the vein of “mansplaining,” demonstrates that the responses provided by generative
Al are not always a neutral transfer of information. In some cases, the system presents social
and cultural norms—which are already in a privileged position—as if they were the only valid
form of explanation. The prominence of Eurocentric interpretations and a male-dominated
perspective makes this issue even more visible. The concept of “Alsplaining” specifically
names this very mechanism. While Al circulates dominant norms, it can overshadow other life
experiences, forms of knowledge, and interpretive possibilities. Historical colonialism imposed
its own cultural standards on other communities. Here, a similar tendency operates—this time
through the responses provided by Al systems.

Texts generated by artificial intelligence may appear, at first glance, to be coherent, robust, and
persuasive. However, this appearance often relies on examples that fail to adequately capture
local experience, local knowledge, and cultural nuances. As Stewart and Zheng (2024) note,
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such texts highlight an approach that treats Western cultural superiority and native-speaker
status as the standard (native-speakerism) while failing to adequately reflect the knowledge
systems of local cultures. As a result, a writing pattern that produces colonizing effects in the
field of language education reemerges. The key point to note here is that this cultural omission
circulates unnoticed within a formally correct, reliable, and measured writing style. The same
issue is evident in how artificial intelligence systems approach languages. The majority of these
systems are developed based on globally prominent languages such as English. The result is
clear: minority languages and languages with insufficient documentation are pushed even
further into the background. Moreover, the problem does not end with the ranking of languages.
Even the most standardized forms of the languages at the center are prioritized; the dialectal
and regional variations of the same language are pushed to the background. Vietnamese and
Mandarin are illustrative examples in this regard. The fact that ChatGPT remains limited in its
ability to recognize and generate dialect-specific content when faced with predefined questions
regarding the northern, southern, and central dialects of Vietnamese, as well as Standard
Mandarin, Taiwanese Mandarin, and Singaporean Mandarin, clearly demonstrates how
artificial intelligence can reproduce linguistic hierarchies (Tran & Stell, 2024). This
shortcoming cannot be viewed as a mere performance issue. This is because decisions regarding
which language forms are deemed recognizable, producible, and suitable for circulation in
educational settings are directly tied to linguistic value hierarchies. When a system fails to
recognize or produce a dialect, it does not merely function as a flawed tool; it also undermines
that dialect’s public and educational legitimacy.

Such Al-powered applications carry the risk of devaluing linguistic and cultural diversity. As a
result, learners and language users from linguistic and cultural backgrounds that are not
prioritized may feel excluded (Tankosic et al., 2024). Content generated by artificial
intelligence may direct a deficit-focused perspective toward individuals who are learning
English as a second language. Consequently, colonialist assumptions regarding what constitutes
linguistic competence and incompetence may be further reinforced. The spaces Tankosic and
colleagues (2024) refer to as “spaces of erasure” also emerge under these conditions. In these
spaces, native language proficiency is desired and valued, while the lack of native language
proficiency and accented speech are coded as deficiencies, inappropriateness, or inadequacy
(Tankosic et al., 2024). When artificial intelligence systems are used in this manner, linguistic
hierarchies are reestablished, Western-derived standards are prioritized, and minority dialects,
accents, and linguistic patterns become even more invisible. The issue here is not merely that
certain varieties are pushed to the background. The core issue is that the decision regarding
which speech forms are deemed correct, valid, teachable, or sufficient is being redefined
through artificial intelligence systems. The suppression of linguistic diversity cannot therefore
be viewed as a mere educational detail. Such suppression directly generates epistemic power
because it redefines the hierarchy of values within knowledge systems. Labeling an accent, a
dialect, or a speech pattern as a deficiency devalues the way of life embodied by that language.

When all these factors are considered together, the necessity of taking algorithmic linguistic
colonization seriously in the field of second and/or foreign language education becomes evident
once again. From the perspective of applied linguistics, what is required here is to remain
constantly vigilant and adopt a neutral, critical approach to all these situations. Because as
artificial intelligence systems begin to be used in education, if cultural, linguistic, and socio-
economic diversity is not taken into account, old colonialist habits can be reestablished through
new tools. Therefore, the primary responsibility lies in asking—before succumbing to the allure
of the idea of a technological solution—which groups these systems prioritize, which they
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marginalize, and whose learning opportunities they restrict. This is what matters most. Neither
completely rejecting artificial intelligence nor unconditionally embracing it is an adequate
stance. The real need is to develop a political and pedagogical evaluation that continuously
questions what kind of outcomes specific artificial intelligence systems produce for specific
communities. However, such an evaluation can expose the re-colonizing effects hidden within
the discourse of technological innovation.

5. Linguistic Justice and the Future of Artificial Intelligence

The path ahead necessitates a collective commitment to the ethical design and implementation
of artificial intelligence. Policymakers, educators, researchers, and technology developers must
act in concert; for ensuring that Al systems genuinely prioritize linguistic and cultural diversity
is not a result that will occur spontaneously. This shared responsibility also involves ensuring
that the ways learners construct meaning by combining their diverse linguistic resources
(translanguaging) secure a visible and influential role in Al design, particularly for minority
languages. Simply including more languages in datasets does not, on its own, provide a
sufficient approach. Developing Al tools that can genuinely incorporate diverse linguistic
resources, ways of constructing meaning, and cultural patterns would be a more practical
approach. This approach becomes even more important, particularly regarding language
resources that are endangered or underrepresented. The goal in Al design is not to build systems
that reproduce rigid language norms, but to develop structures that make space for non-standard
language varieties and cross-linguistic meaning-making practices without marginalizing them
(Dovchin et al., 2024). A fair Al future takes shape here. The key point is not only to increase
data diversity but also to redefine the criteria that confer value on language. Incorporating a
linguistic practice into the system is one level; having that practice recognized as valid,
productive, and educationally sound constitutes another level. The transformative and
qualifying impact emerges at this second level.

The situation highlighted by Birhane (2020: 389) regarding Africa clearly reveals the core of
the debate: artificial intelligence systems developed in the West may fall short of addressing
Africa’s linguistic, educational, and social needs. The consequences of this are not limited to
the use of imported Al tools and a heightened vulnerability to colonialism. It also means that
the potential for the development of local digital tools, language technologies, and educational
solutions tailored to regional needs is effectively stifled from the very outset. Consequently,
countries, cultures, and communities become increasingly dependent on software, platforms,
and data processing systems developed elsewhere. This problem is not limited to Africa. Studies
on cross-linguistic understanding indicate a similar pattern emerges regarding indigenous and
minority languages. Al systems developed externally may not adequately address these
linguistic and social contexts. As previously noted, prioritizing English can further hinder the
development of local languages and their subcategories. In such a situation, the problem cannot
be explained simply by a system failing to fully align with a particular community; the decisive
factor is where the linguistic future is being designed, which languages are deemed worthy of
development, and which communities have their ability to produce their own tools restricted.
Linguistic dependency and digital dependency intersect in a striking manner precisely at this
point.

In addition to all this, access to artificial intelligence itself creates a distinct arena of inequality.
Since the development and implementation of these technologies require high costs, the
inequality in access to technology between wealthy countries and those with limited resources
can deepen further. (Fang & Dovchin, 2024). Unless Al solutions are developed that are
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inclusive, cost-effective, and tailored to local needs, the opportunities these technologies offer
in language education may remain inaccessible even to the communities that could benefit most
from them. Al systems used in language education often require substantial financial resources,
advanced digital infrastructure, and intensive human labor. This situation can further widen the
gap between educational institutions with strong financial and technical resources and those
with limited resources, particularly in developing regions (Dovchin, 2017). The inequality
observed here is not limited to issues of access to tools or software. Financial resources directly
impact teaching opportunities and the extent to which students can exercise their right to learn.
Therefore, access cannot be treated as a matter limited to reaching the internet or a device. The
ability to access tools that take into account the student’s native language, language learning
needs, and mode of understanding is also a fundamental part of access. The ability to find a
place within the educational process and to learn without becoming entirely dependent on
externally established systems must also be considered within the same framework. To address
these challenges, the data sources and datasets that feed artificial intelligence systems must be
expanded to genuinely encompass cultural and linguistic diversity. This process extends beyond
a technical update; it requires rethinking design philosophies, data collection methods, and
decision-making processes. If design processes based on participatory and collaborative
production are effectively established, this diversity can be reflected in Al systems in a stronger
and more meaningful way. Therefore, it is of great importance for teachers, community leaders,
and policymakers from diverse linguistic and cultural backgrounds to contribute directly to the
design of Al-based solutions. Such initiatives can help curb colonialist tendencies and
contribute to the establishment of culturally sensitive educational practices that respect
linguistic diversity. In particular, when teachers critically assess how Al affects power
dynamics within the classroom, they can more firmly advocate for practices that support and
empower learners. Al tools can be used in ways that make students’ linguistic diversity visible,
assign value to it, and integrate it into the educational process. Such use contributes to the
development of a culture that views linguistic difference as an educational opportunity within
the classroom. From the perspective of applied linguistics, the task becomes clear here: to
continuously question the social and political consequences of Al in language education. The
real issue is to approach Al not merely as a tool that enhances efficiency in the classroom, but
as a test that prompts us to consider under what conditions linguistic justice can be established.
An Al tool serves a pedagogically constructive function when it makes a student’s linguistic
diversity visible and values it; when it silently reduces that diversity to a single type, however,
it shifts toward an exclusionary function.

The future of Al in language education depends on the decisions made from here on out. The
direction adopted by applied linguists, educators, researchers, policymakers, and technology
developers will determine how this field takes shape. When an approach that centers equality,
diversity, and linguistic justice is adopted at the intersection of artificial intelligence and applied
linguistics, the transformative power of these technologies can be harnessed in a more
constructive manner; it can also create a more protective foundation against the risks of re-
colonization. Such an approach represents a significant step toward a more inclusive future
where all languages—and consequently, all language learners—are recognized as equally
valuable. The fundamental goal here is not limited to making artificial intelligence more useful;
it also involves reestablishing the political and pedagogical foundation regarding which
languages, which speakers, and which learning methods hold equal value. The motto “a
linguistically just future” denotes a foundational orientation that demands the dismantling of
linguistic hierarchies, the integration of technological design with social responsibility, and the
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transformation of learning into a dignified opportunity for every community. The future of
artificial intelligence can also be defended and given meaning within this orientation.

6. Conclusion

This study has evaluated the role of artificial intelligence in the fields of applied linguistics and
language education by moving beyond the narrative of technical innovation and considering its
social, linguistic, and pedagogical implications. Throughout the discussion, it has been
demonstrated that artificial intelligence does not follow a unidirectional trajectory of
development; rather, it can both open up inclusive possibilities and perpetuate historical
inequalities through new tools in different contexts. Within this framework, the key findings
can be summarized as follows:

» Artificial intelligence represents a current phase emerging within the historical transformation
of learning environments. Therefore, viewing it as an independent tool added to the field of
education at a later stage narrows the scope of the issue. Questions regarding how knowledge
is produced, circulated, and legitimized lie at the center of the artificial intelligence debate.

* From the perspective of language education, artificial intelligence offers significant
opportunities. Personalized support, rapid feedback, interactive engagement during writing
processes, earlier identification of at-risk learners, and the strengthening of the learner’s active
role within the educational process are among the primary opportunities. These contributions
become particularly evident for refugees, displaced communities, indigenous peoples, and
students marginalized due to language barriers.

* Alongside these positive opportunities, there are also serious structural risks. Al systems are
often developed based on dominant languages, standard linguistic norms, and central cultural
assumptions. This leads to the marginalization of local languages, dialects, accents, and diverse
forms of knowledge; it re-establishes linguistic hierarchies through new data regimes and
evaluation criteria.

e 1Y

* “Algorithmic colonialism,” “colonial linguistics,” and the algorithm-mediated linguistic
colonization approach discussed in this article clearly demonstrate that Al-supported language
education is not merely a technical regulatory domain. The defining issue here is which center
determines which language is valid, which knowledge is valuable, and which learning format
is deemed acceptable.

* A more equitable future for artificial intelligence can be built on the foundations of ethical
design, collaborative production, cultural representation, linguistic diversity, and equal access.
The joint participation of teachers, researchers, policymakers, and technology developers in this
process is of fundamental importance for the development of artificial intelligence systems
along a more inclusive and sensitive trajectory.

Ultimately, the true significance of artificial intelligence from the perspective of applied
linguistics does not lie in its ability to accelerate or simplify educational processes. Its true
significance lies in its capacity to reshape the direction, criteria, power dynamics, and
understanding of justice within language education. Therefore, the primary task moving
forward is not merely to settle for using Al in education, but to rethink how we can use it to
build a more equitable future for which languages, which communities, and which learning
styles.

AIS3, 1(1)



Yapay Zeka: Dil Egitimi, Dilsel Esitsizlik ve Dilsel Adalet Uzerine
Artificial Intelligence: On Language Education, Linguistic Inequality, and Linguistic Justice 13

Z-\DAIS>

Artificial Intelligence Studies

in Society, and Systems

Research Article / Arastirma Makalesi

Yapay Zeka: Dil Egitimi, Dilsel Esitsizlik ve Dilsel Adalet Uzerine

Oz

Bu calisma, yapay zekanin uygulamal dilbilim ve dil egitimi alaninda yarattig1 doniisiimii toplumsal, pedagojik
ve dilsel boyutlariyla ele almaktadir. Tartismanin odaginda bu teknolojilerin ne kadar gelistigi sorusu degil dil
egitiminde hangi dillerin 6ne ¢iktig1, hangi konusurlarin merkeze alindig1, hangi bilgi bigimlerinin gegerli say1ldig
ve dgrenme imkanlarimin kimler i¢in genisledigi sorusu yer almaktadir. Yapay zeka; bir yandan 6grenenlerin derse
katilimini artiran, kisiye uygun destek sunan, geri bildirim siireglerini hizlandiran ve 6zellikle miilteciler, yerinden
edilmis topluluklar, yerli halklar ve dilsel bakimdan diglanan 6grenciler i¢in yeni 6grenme yollart agan énemli
imkanlar sunmaktadir. Google Translate ve iretici yapay zeka araglari iizerine yapilan giincel aragtirmalar; bu
sistemlerin dil 6grenimini destekledigini, ifade alanini genislettigini, 6zgiiveni giiclendirdigini ve toplumsal
katilmu artirdigii gdstermektedir. Ote yandan aym alan egemen dillerin, standart dil anlayisinin ve merkezi
kiiltiirel kabullerin yeniden iiretilmesine de zemin hazirlamaktadir. Yerel dillerin, lehgelerin, aksanlarin ve farkli
bilgi bi¢imlerinin geri plana itilmesi; yapay zeka destekli dil egitiminin en 6énemli riskleri arasinda yer almaktadir.
Bu ¢ercevede Birhane’nin “algoritmik somiirgecilik” ve Meighan’in “kolonyaldilsellik” kavramlari, dilsel
gegerliligin, egitsel kabuliin ve bilgi degerinin hangi merkezden tanimlandigini agiklamak bakimindan énemli bir
kavramsal dayanak sunmaktadir. Calisma daha adil bir yapay zeka diizeni i¢in etik tasarimin, ortak tiretimin,
kiiltiirel temsilin, erisim esitliginin ve dilsel gesitliligin gozetilmesi gerektigini vurgulamakta; yapay zekay1 teknik
bir yenilikten c¢ok, dil egitiminin yoniinii, kapsamimi ve adalet anlayisini etkileyen bir giic alan1 olarak
konumlandirmaktadir.

Anahtar sézciikler: yapay zeka, uygulamali dilbilim, dil egitimi, dilsel adalet, algoritmik somiirgecilik

1. Giris

Yapay zeka, son yillarda uygulamali dilbilimde giderek daha 6nemli bir tartigma alani haline
gelmistir. Bunun nedeni salt olarak yeni dijital araclarin yayginlasmasi degildir. Tartismanin
temelinde; dilin nasil Ogretilecegine, hangi bilgi bicimlerinin degerli sayilacagina, hangi
ogrenenlerin merkeze alinacagia ve esitsizliklerin nasil yeniden yapilandirilacagia iliskin
sorular bulunmaktadir. Yapay zeka lizerine gelisen literatiir de bu sorular1 giderek daha goriiniir
kilmaya aday goriinmektedir. Ogretim arag-gereglerinin iiretimi, geri bildirim siiregleri, kisiye
gore yapilandirilan 6grenme diizenekleri ve tiim bunlar 6l¢limleyecek degerlendirme araglari
etrafinda siiren tartigmalar, uygulamali dilbilim i¢in daha genis bir diisiinme alan1 agmaktadir.
Burada asil belirleyici olan; yapay zekanin hangi dil kullanim bi¢imlerini 6ne ¢ikardigi, hangi
bilgi bicimlerine daha fazla alan kabulii kazandirdigi, kimler icin 6grenme siirecinde ek
olanaklar {irettigi ve hangi tarihsel esitsizlikleri yeni teknik yapilar icinde yeniden
giiclendirebildigidir. Bu nedenle yapay zeka, uygulamali dilbilim bakimindan yalnizca teknik
yenilik baghigr altinda degerlendirilemez; dilsel kapsayicilik, faillik, kiiltiirel taninma, temsil,
esitlik ve dilsel adalet baglaminda ele alinmalidir. Burada 6zellikle vurgulanmasi gereken
nokta, yapay zekanin séz konusu c¢alisma alana disaridan eklenmis yardimci bir unsur olarak
goriilemeyecegidir. Daha derinde isleyen siireg; hangi dillerin, hangi konusurlarin, hangi bilgi
bicimlerinin ve hangi 6grenme deneyimlerinin mesru sayilacagimna iliskin zeminin yeniden
kurulmasdir.
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Calismanin 6nemli noktalarindan biri yapay zekaya iliskin tartigmalarin uygulamali dilbilimde
cogu zaman iki dar yorum cergevesine sikismasidir: Bir tarafta yapay zekay1 egitim siireglerini
kolaylastiran, verimi artiran ve yeni imkanlar acan bir ara¢ olarak One ¢ikaran yaklagim
bulunmaktadir. Diger tarafta ise riskleri gii¢lii bicimde sezmekle birlikte bunlar1 ¢ogu zaman
genel bir kaygi dili i¢inde birakan degerlendirmeler yer almaktadir. Uygulamali dilbilim
acisindan ihtiya¢ duyulan sey, bu iki yonelimin 6tesine gegen daha dikkatli ve daha kurucu bir
kavramsallastirmadir. Burada 6nem tasiyan, yapay zekanin kullanigh olup olmamasi degildir.
Belirleyici olan, bu teknolojinin nasil bir tarihsel zeminde gii¢ kazandig1, dil egitiminde ne tiir
acilimlar sagladigi, esitsizlikleri hangi bigimlerde doniistiirdiigli ya da yeniden iirettigi ve daha
adil bir gelecek bakimindan ne tiir etik ve yapisal sorumluluklar dogurdugudur. Bu ¢alisma da
tam bu noktada devreye girmektedir. Yapay zekdyi tek yonli bir firsat anlatisina
yerlestirmemekte onu yalnizca tehdit ekseninde de degerlendirmemektedir. Bunun yerine
yapay zekanm uygulamali dilbilimde ayni anda kapsayici imkanlar agabilen ve dislayic
sonuglar tiiretebilen ¢ok katmanli etkisini tarihsel, pedagojik, dilsel ve siyasal boyutlariyla
birlikte ele almaktadir.

Yapay zeka, dil egitimi alaninda giderek daha goriiniir bir yer edinmektedir. Bu goriintirliik,
cogu zaman teknik beceriler, hiz, verimlilik ya da kisisellestirilmis 6grenme gibi basliklar
etrafinda degerlendirilmektedir. Oysa asil mesele bu teknolojilerin ne kadar gelistiginden ¢ok,
dil egitiminin nasil kuruldugunu, hangi bilgi bi¢imlerinin gecgerli sayildigini, hangi dillerin
merkeze alindigin1 ve Ogrenme imkanlarmin kimler arasinda nasil dagildigini nasil
etkilediginde toplanmaktadir. Yapay zekanin uygulamali dilbilimdeki anlami1 bu nedenle teknik
kapasitesinin 6tesinde aranmalidir. Burada belirleyici olan, yapay zekanin dil egitimine hangi
araglart ekledigi kadar, egitimsel mesruiyet Olgiitlerini, 6grenme siireglerini ve dilsel
hiyerarsileri hangi yonlerde donistiirdiigiidiir. Bu tartisma, yapay zekay: tarihsiz ve
kendiliginden ortaya ¢ikmus bir yenilik gibi ele alarak siirdiiriilemez. Insanhign bilgiyi
kaydetme, ¢cogaltma, aktarma ve dolasima sokma bi¢imleri, uzun bir tarih boyunca farkli teknik
araglarla yeniden kurulmustur. Yapay zeka da bu uzun doniisiim ¢izgisinin giincel bir evresi
icinde dislintilmelidir. Boyle bir tarihsel zemin kuruldugunda, bugiinkii tartismalar daha agik
bir cerceveye kavusur. Ogrenme ortamlarinin degisimi, bilginin dolasim bicimleri, dgretim
otoritesinin yeniden dagilimi ve 6grenenin egitim i¢indeki yeri bu ¢erceve i¢inde daha anlasilir
héle gelir. Bu agidan yapay zeka, ikinci dil egitimi agisindan 6nemli imkanlar da tagimaktadir.
Ozellikle egitim siireclerinde dislanan, yeterli destege ulasamayan ya da dilsel bakimdan baski
altinda kalan topluluklar igin daha kapsayici 6grenme yollar1 acabilir. Ogrenenin derse
katilimini artiran, kendi 6grenmesini yonlendirmesine alan taniyan ve dilsel birikimini goriiniir
kilan uygulamalar bu imkanlar arasinda yer alir. Miilteciler, yerinden edilmis topluluklar, yerli
halklar ve dilsel bakimdan dislanan 6grenciler s6z konusu oldugunda bu alan daha da 6nem
kazanir. Yapay zeka; bu gruplar i¢in destekleyici, erisilebilir ve gli¢lendirici 6grenme siiregleri
kurma potansiyeli tasimaktadir. Bununla birlikte ayni alan, ciddi riskler de barindirmaktadir.
Egemen dillerin merkezde tutulmasi, yerel dillerin geri plana itilmesi, kiiltiirel oriintiilerin
siliklesmesi, standart dil anlayisinin pekistirilmesi ve bilgi tiretimindeki esitsizliklerin
derinlesmesi bu riskler arasindadir. Yapay zeka sistemleri, veriye dayali ¢aligma bigimleri
nedeniyle kendilerini besleyen dilsel ve kiiltiirel diizenleri kolaylikla yeniden iiretebilmektedir.
Boylece dil egitimindeki esitsizlikler, belirli kurumsal ve tasarimsal tercihlerin sonucu olduklari
héalde sistemin dogal isleyisiymis gibi kabul gorebilir. Burada asil mesele, yapay zekay:
egitimde ise yarayan yeni bir arag¢ olarak sunmak degildir. Asil mesele; bu teknolojilerin dil
egitiminde hangi diizeni giiclendirdigini, hangi dilleri 6ne ¢ikardigini, kimlere daha ¢ok alan
actigii ve kimleri kenarda biraktigini ortaya koymaktir. Bu nedenle yapay zeka, dil egitiminin
hangi Olgiitlerle kuruldugu ve bu Olgiitlerin kimlerin yararina isledigi sorusu da birlikte
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diistintilmelidir. Daha adil bir yapay zeka diizeniyse kendiliginden ortaya ¢ikmaz. Bu alanda
etik tasarim, erisim imkanlari, ortak iiretim, kiiltiirel temsil ve dilsel c¢esitlilik belirleyici
basliklardir. Uygulamali dilbilim agisindan 6nemli olan nokta da burada ortaya ¢ikar. Yapay
zeka iizerine ylriitlilen tartisma basari, hiz ve verim 6l¢iitleriyle sinirli kaldiginda, dil egitiminin
toplumsal ve siyasal boyutu geri ¢ekilir. Oysa bu alanda alinan her karar, hangi dillerin deger
gordiigii, hangi konusurlarin gegerli kabul edildigi ve hangi 6grenme bigimlerinin
desteklendigiyle dogrudan ilgilidir. Bu ¢alisma, yapay zekanin egitim alanindaki sonuglarini bu
genis cerceve icinde ele almaktadir.

Calisma dort baslik iizerinden ilerlemektedir. ik boliimde 6grenme ortamlarinin teknolojik
doniistimii ele alinmaktadir. Boylece yapay zeka, tarihsel siirekliligi olan daha genis bir degisim
icinde degerlendirilmektedir. Ikinci boliim, yapay zeka ile dilsel kapsayicilik arasindaki iliskiye
odaklanmaktadir. Bu boliimde 6grenenin egitim i¢indeki yeri, kisiye uyarlanmis destek
bigimleri ve risk altindaki topluluklar agisindan ortaya ¢ikan imkanlar incelenmektedir. Ugiincii
bolimde yapay zekanin yeniden somiirgelestirici etkileri tartisilmaktadir. Dilsel {istiinliik
diizenleri, kiiltlirel silinme, standartlagtirma ve algoritmik isleyisin bu siireclerdeki rolii bu
boliimiin odagini olusturmaktadir. Son boliimde ise dilsel adalet ile yapay zekanin gelecegi
arasindaki iligki ele alinmaktadir. Burada daha kapsayici, daha erisilebilir, kiiltiirel bakimdan
daha duyarli ve temsil giicii daha yiiksek yapay zeka diizenlerinin hangi kosullarda
kurulabilecegi tartisilmaktadir. Bu g¢erceve; yapay zekd tartigmasini teknoloji, pedagojik
uygulama ve etik kaygi basliklarinin dtesine tasimaktadir. Ogrenme ortamlarinin tarih boyunca
hangi araclarla degistigi, bilginin hangi maddi ve kurumsal yapilar i¢inde dolagima girdigi ve
yapay zekanin bu siiregte nasil bir yer tuttugu ac¢ik bicimde goriildiigiinde sonraki boliimlerde
tartisilan kapsayicilik, dilsel tistiinliik diizenleri ve adalet meseleleri de daha saglam bir zemine
oturmaktadir. Bu nedenle tartismaya 6grenme ortamlarinin teknolojik doniisiimiinden baglamak
yerinde olacaktir.

2. (")grenme Arclarimin Degisimi

Yapay zekanin egitim alanindaki bugiinkii yerini dogru degerlendirebilmek i¢in onu tarihten
kopuk, kendiliginden ortaya ¢ikmis bir yenilik gibi ele almak yetersiz olacaktir. Daha isabetli
olan, yapay zekay1 insanligin 6grenme ortamlarini teknik araglar aracilifiyla uzun bir tarih
boyunca siirekli degistirmesinin bugiinkii asamasi icinde diisiinmektir. Insan topluluklar1 eski
caglardan giiniimiize degin 6grenmenin dayandigi somut zemini ellerindeki tiirlii araglarla
kurmustur. Eski ¢aglarda bilgi; kaya yiizeylerine, taglara ve kil tabletlere islenmis; bu eylemler
aracilifiyla kaydedilmis, korunmus, es zamanda yasadiklar1 diger topluluklarla ve devaminda
ardil topluluklarla paylasilarak aktarilmistir. Bu haliyle ilkel diizeydeki s6z konusu araglar,
bilginin insan belleginin siirlar1 digina aktarilmasini saglayan erken teknolojik olanaklar
olarak diisiiniilmelidir. Buradaki dikkate deger yenilik tabii ki bu arag¢larin salt isevuruk bir
kullanim kolaylig1 saglanmasinda degildir. Bilginin korunabilir ve aktarilabilir hale gelmesidir.
Yani bilgi, ilk kez kalic1 bir kay1t diizleminde varolma sansini elde etmistir.

Soziinii ettigimiz tarihsel siireg, MO 2. yiizyildan itibaren kagidin kullanilmasiyla yeni bir
evreye girmistir. Kagit, bilgi paylasimini daha erisilebilir bir diizleme tastyarak bilginin erisi
sinirhilarini genigletmistir. Cin’de MS 700 dolaylarinda ve Avrupa’da 1440 sonrasinda matbaa
devrimi birlikte bu erisi smirlart daha da genislemekle kalmamis ayni zamanda
kurumsallasmigtir. Matbaanin bilginin ¢ogaltilma hizini, aktarilmasii ve topluma yayilma
bi¢imini kdkten degistirmis olmasi bu devrimin en 6nemli ¢iktilarindan biridir. Kitaplarin,
gazetelerin ve bagka basili iiriinlerin yayginlagsmasiyla birlikte bilgi paylasimi ile 6grenme
ortamlar1 derinden doniligsmiistiir. Bu degisim; egitimin ne oldugu ne ise yaradigi ve hangi yeni
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seceneklerle verilebilecegi sorularini da 6nemli bir noktaya getirmistir. Matbaanin actig1 bu
alan, insanlar1 sozlii aktarimla sinirl bir 6grenme diizeninden ve yalnizca el yazmasi metinlere
erisilebilen dar bilgi ¢evrelerinden ¢ikarmis ¢ok daha giiclii 6grenme segenekleri yaratmaistir.

Buraya kadar aktarilanlar bir arada diisiintildiigiinde su diislinceye erismek yanlig olmayacaktir:
Egitim ve grenme durumlari s6z konusu araglarla her zaman girisik bir yapi i¢indedir. Zaten
O0grenme ortami, en bagindan beri yukarida sozii edilen araglarla birlikte yapilandirilmistir. Bu
nedenle yapay zekdyr disaridan eklemlenmis bir yama olarak gérmek bakisimsal bir
yanilsamay1 beraberinde getirecektir. Bilginin kaydedilmesi, cogaltilmasi, isleme sokulmasi ve
birey-topluluk nezdinde gegerlilik kazanmasi siireglerinin tarihsel devamligi i¢inde yapay
zekanin bu yapisal nedenselligini géz oniinde bulundurmak olduk¢a Onemlidir. Matbaa
sonrasinda bu kez Sanayi Cag1 bu déniisiimii baska bir diizleme tasimistir. Ogrenme ortamlari
goriiniir, dlizenlenebilir ve etkilesime agik bir nitelik kazanmigtir. Burada kazanilan nitelik
ozellikle “iiretim bantlari’nin ¢arklar1 haline doniisecek kisiler yetistirmek amacini tasidigindan
ve anamalci bir anlayisla salt pragmatik (yanlis bir yorumlanisla belki) egilime doniigse de
ogrenme ortamlarinin belli bir yonetsel ve bilimsel alt yapiya erismesine olanak saglamistir.
Ardindan bilgisayarlarin yiikselisi ve internetin kisa silirede kiiresel bir iletisim ile bilgi
altyapisina dontismesiyle Dijital Cag baslamistir. Bu donemin ayirt edici yonii, bilginin mekana
bagimliligini ciddi 6l¢iide azaltmasidir. Dijital Cag, ulus-devletler arasindaki cografi uzakligin
bilgiye erisim lizerindeki sinirlayici etkisini zayiflatmis; bilgi ile bilginin dolagimini hazir, hizli
ve kolay erisilebilir hale getirmistir (Dovchin & Oliver, 2021). Boylece 6grenme edimi artik
belirli kurumlarin ve yetkelerin gdlgesinden uzaklasarak daha bireysel ve kamusal bir nesne
haline gelmis oldu. Bu degisim, tasinabilir teknolojiler ile giiciinii artirmis ve kullanicisina daha
varsil ¢dziimler iiretmeye aday haline gelmistir. Ornegin akill telefonlar ve tabletler, 6grenme
ortamini taginabilir kilmis ve kullaniciya gore uyarlanabilir hle getirmistir. Daha da 6nemlisi
zaman-mekan kaynasikligini tekil olarak diisiiniilebilecek yasantilar olusturmaya hazir hale
getirerek herhangi bir anda ve neredeyse her yerde tek bir dokunusla erisilebilen bilgi
kiimelerine erigimi kolaylastirmigtir. Yani 6grenme salt olarak sinifa, kiitiiphaneye ya da belirli
zaman dilimlerine bagl bir etkinlik olmaktan ¢ikip gilindelik hayatin i¢ine yayilan, devinim
héalindeki 6zneyle birlikte yer degistiren ve siireklilik kazanan bir deneyimdir. Egitim
teknolojilerinin siirecine bu agidan bakildiginda su da dikkat ¢ekici bir durumdur: Her yeni
gelisme yalnizca egitim-0gretim ortamlarina erisimi kolaylastirmaz. Ayni zamanda bilginin
kim tarafindan tiretilecegini, kim tarafindan dogrulanacagini ve kimlerin 6grenen ya da dgretici
sayilacagini da yeniden belirler. Teknik doniisiimle yetke iliskilerindeki degisim bu nedenle
birbirinden ayr1 diisiiniilemez. Egitim tarihindeki her esik, bilgiyle birlikte gii¢ iliskilerini de
yeniden kurar.

Bu esiklerin en dnemliliklerinden olan yapay zeka, tiim bu kaynasik yapilarin ve de yiizyillar
alan aligkanliklarin tekrar sorgunlanmasiyla daha karmasik bir evreye ulagmistir. Ogrenme
ortami ile insan egitimi artik yapay zeka tarafindan da doniistliriilmektedir. Yapay zeka, insan
tarafindan tanimlanmis hedefler dogrultusunda 6ngorii tiretebilen, oneriler sunabilen ya da
coziim gelistirebilen makine temelli sistemleri ifade eder (Zhao & Goémez Farifias, 2023).
Ozellikle yapay zeka destekli dil 6grenme ortamlarinin déniistiiriicii olanaklar1 son derece
genistir. Bu sistemler, dil 6grenme olanaklarina erisimi hizlandirmakta ve farkli kullanici
gruplar1 bakimindan bu alan1 daha erisilebilir hale getirmektedir. Ustelik etkileri de erisim
kolayligtyla siirli degildir. Dil 6greniminin yapisini, isleyisini, 6gretim anlayisini ve kurumsal
cercevesini de derinden etkilemektedirler (Pack & Maloney, 2024). Dolayisiyla burada soz
konusu olan, mevcut egitim diizenine eklenmis yardime1 bir kolaylik saglayict unsur olmaktan
oOte alanin yoniinii ve isleyisini doniistiirmeye baslayan daha koklii bir degisimdir.
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Yapay zekanin dil egitimi tizerindeki etkileri tek bicimli degildir. Ayni teknik altyapi, icinde
kullanildig1 toplumsal ve kurumsal kosullara bagli olarak farkli sonuglar dogurabilir. Bazi
durumlarda dil egitiminde yerlesmis kabulleri ve kaliplagsmis uygulamalar1 sorgulamaya acar;
baz1 durumlardaysa tarihsel esitsizliklerin yeni araglar lizerinden siirmesine hizmet eder. Bu
nedenle yapay zeka, uygulamali dilbilim agisindan dikkatle incelenmesi gereken bir alandir.
Arastirmacilarin ve egitimcilerin temel sorumlulugu, yapay zekaya kosulsuz bir deger atfetmek
ya da onu toptan diglamak degildir. Esas ihtiyag, bu teknolojilerin hangi topluluklar i¢in yeni
ogrenme imkanlar1 olusturdugunu, hangi esitsizlikleri yeniden iirettigini ve dil egitimi i¢indeki
giic iliskilerini nasil etkiledigini siirekli sorgulayan elestirel bir yaklasim gelistirmektir. Boyle
bir yaklasim kurulmadiginda yenilik sdylemi mevcut esitsizlikleri perdeleyen yeni bir
mesrulagtirma aracina doniigebilir. Bu teknolojik doniisiim karsisinda asil sorumluluk;
ogrenmeyi herkes i¢in daha kapsayici, adil ve etkin kilmaktir. Uygulamali dilbilim alaninda
calisan aragtirmacilar ve egitimciler; esitlik, dijitallesme seviyesindeki biiytik farklar ve yapay
zekanin etik kullanimi gibi kavram ve durumlar iizerine yogunlasan sorulari siirekli canli
tutmalidir. Ancak boyle bir yaklasim, séziinii ettigimiz tartismay1 teknik kapasite ya da egitsel
verimlilik diizeyinin 6tesine tasir; etik, politik ve epistemik sonuglari da hesaba katan daha
genis bir degerlendirme zemini kurar. Cilinkii yapay zekaya iliskin her karar, dil egitiminin
hangi adalet anlayistyla, hangi erisim diizeniyle ve nasil bir insan tasavvuruyla bigimlenecegini
de etkiler.

3. Yapay Zeka ve Dilsel Esitlik

Yapay zekanin onemli potansiyellerinden biri, dil egitiminde koklesmis dilsel hiyerarsileri
sarsabilecek bir alan agmasidir. Yapay zeka, dil egitimi alaninda uzun siiredir etkisini koruyan
dilsel esitsizlikleri sorgulamaya agan 6dnemli bir imkan sunmaktadir. Baz1 dillerin, konusma
bicimlerinin ve 6grenme pratiklerinin daha nitelikli sayildigi bu alanda bir¢ok 6grenci kendi
dilsel birikimiyle egitim siirecinin disinda kalmaktadir. Yapay zeka, bu yerlesik yapinin
yeniden diisiiniilmesine katki saglayabilir. Ogrenme siirecini tek kaynaga ve tek yetkeye bagl
bir yap1 olmaktan ¢ikarip 6grencinin daha etkin oldugu bir iliski diizenine yaklastirabilir. S6z
konusu durum 6zellikle ikinci dil 6grenenler agisindan 6nem tasimaktadir. Ciinkii bu 6grenciler
zorluk ¢ogu zaman dersle ilgili olmaktan G6te gog, dislanma, giivencesizlik ve giindelik sorunlar
vb. durumlaridir. Béyle kosullarda yapay zeka, siirekli erisilebilen ve anlik karsilik iiretebilen
bir 6grenme destegi sunabilir. Ogrenciye alistirma yapma, aciklama isteme, ciimle kurma,
yazisini gelistirme ve farkli anlatim yollarin1 deneme imkéni verir. Bu katki, iddia edildigi gibi
Ogretmenin yerini alan bir diizen kurmaz; 6grenme siirecindeki etkilesim alanini genisletir.
Boylece 6grenci, hazir bilgiyi alan kisi konumundan uzaklasir; soru soran, deneyen, karar veren
ve 6grenme slirecine yon veren daha etkin bir 6zne haline gelir. Tiim bunlara ek yapay zekanin
sundugu katkilar burada da bitmez. Bu sistemler, 6grencilerin zorlandig1 alanlar1 daha erken
fark etmeye, destege daha cok ihtiya¢ duyan Ogrencileri belirlemeye ve uygun zamanda
miidahale etmeye yardimci olabilmektedir (Huang et al., 2023). Ogrencinin diizeyine uygun
metin hazirlama, alistirma olusturma, tartigma sorular1 gelistirme, yazi Ornekleri sunma,
degerlendirme olgiitleri iiretme ve dgrencinin kurdugu istemleri daha agik hale getirme gibi
islevler de bu kapsamda degerlendirilebilir (Pack & Maloney, 2023). Yazma Ogretimi
bakimindan da énemli bir katk1 s6z konusudur. Ogrenci; yapay zekaya etkili yonlendirmeler
yazmay1 0grenebilmekte, belirli bir rol ¢er¢evesinde yazi c¢alismasi yapabilmekte, karsilikli
konusma akis1 i¢ginde metnini gelistirebilmekte ve farkli yazma bigimlerini deneyebilmektedir
(Ingley & Pack, 2023). Burada asil 6nemli nokta, 6grencinin 6grenme siirecindeki konumunun
degismesidir. Ogrenci, bilgiyi edilgen bir bicimde alan kisi olmaktan ¢ikip bilgiyle ¢alisan,
deneme yapan, hata iizerinden ilerleyen ve kendi 6grenmesini yoOnlendiren bir Ozneye
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doniisebilir. ikinci dil egitimi bakimimdan bu degisim dikkat ¢ekicidir. Ciinkii dersin yoniinii,
icerigini ve gegerli bilgi bi¢cimlerini uzun siire biiyiik 6l¢iide 6gretmen belirlemistir. Yapay zeka
ise grencinin bu siiregte daha etkin yer almasina imkan vermektedir. Ozellikle kamusal erisime
acik ve pedagojik arastirmalar 1s181inda kullanilan yapay zeka araclari, kirilgan kosullardaki
ogrenciler i¢in yeni 6grenme olanaklar: yaratabilir; bu yoniiyle daha adil bir egitim ortamina
katk1 sunabilir (Huang et al., 2023).

Yapay zekanin sundugu bu olanak, cesitli nedenlerle diglanan gruplarca daha etkin bigcimde
kullanilmaktadir. Miiltecilerle savas ve ¢atigma nedeniyle yerinden edilen gruplar, bunun en
belirgin 6rnekleri arasindadir. Bogachenko ve arkadaslarinin (2024) ¢alismasi, Rusya-Ukrayna
savast sonrasinda Avustralya’ya yerlesen Ukraynalilarin Google Translate kullanimindan
onemli yararlar sagladigini gostermektedir. Bu yararlar, giindelik iletisim kolayliginin 6tesine
uzanmaktadir. Arastirma, bu bireylerin Ingilizce dgrenme siirecinde dil {izerine daha bilingli
diistindiigiinii ve dijital araglar1 kullanma becerilerinin gelistiini ortaya koymaktadir
(Bogachenko vd., 2024). Google Translate; iletisim kurmayt kolaylastirmig, dil kaynakl
zorluklar1 hafifletmis, yeni c¢evreye uyum siirecini desteklemis ve aidiyet duygusunu
giiclendirmistir. Benzer bir durum Hong Kong’da da goriilmektedir. Cheung ve Shi’nin (2024)
caligmasi, Hong Kong’daki miilteci ¢ocuklarin ve onlara rehberlik eden 6grencilerin yapay zeka
destekli ¢aligmalarla Ingilizce ogrenme siirecinde ©Onemli kazanmimlar elde ettigini
gostermektedir. Bu ¢ocuklar, dijital hikaye anlatimi etkinliklerinde yapay zekadan yararlanarak
Ingilizce metin iiretmis, anlatilarin1 gelistirmis ve kendilerini daha rahat ifade etme imkam
bulmustur. Bu siireg, yaraticiliklarini desteklemis, ifade alanlarini genisletmis ve farkli
topluluklarla iliski kurmalarina katk: saglamistir (Cheung & Shi, 2024). Burada dikkat ¢eken
nokta yapay zekanmn yalmizca yazilimsal bir yardim sunmamasidir. Bu araglar, kirilgan
kosullarda yasayan cocuklarin kendilerini anlatmalara, baskalariyla bag kurmalarina,
ozgiiven gelistirmelerine ve toplumsal goriiniirliik kazanmalarina katki sunmaktadir. Bu
nedenle dil egitimi, bu baglamda basar1 Olgiileriyle sinirli bi¢imde ele alinamaz; katilim,
goriiniirliik ve toplumsal yer edinme gibi boyutlar da birlikte diigtiniilmelidir.

Yapay zeka teknolojilerinin egitim alanindaki etkisi biiylidiik¢e toplumsal bakimdan bazi
nedenlerle dislanan kisi ve gruplarin dil 6grenenlerine yonelik yeni imkanlar da daha goriiniir
hale gelmektedir. Bu alandaki arastirmalar arttikca burada ele alinan ¢calismalar daha kapsayici,
kiiltiirel bakimdan daha duyarli ve farkli dilsel gereksinimleri daha iyi gdzeten araglarin
gelistirilmesine katki sunacaktir. Bu birikim, miilteci topluluklar ve yerinden edilmis gruplar
icin gelistirilecek egitim uygulamalarina da 6nemli dayanaklar saglayabilir. Ozellikle
teknolojiye erisim, dil 6grenme firsatlart ve uygun egitim destegi bakimindan ortaya ¢ikan
esitsizliklerin azaltilmasinda bu calismalar yol gdsterici olabilir. Bu tartisma daha genis bir
cergevede ele alindiginda, benzer olanaklarin yerli topluluklar icin de anlamli sonuglar
dogurabilecegi anlasilmaktadir. Burada kapsayicilik, daha ¢ok kisiye ulagsmakla sinirli bir konu
degildir. Esas olarak tarihsel siire¢ boyunca dislanmis topluluklarin kendi dilleriyle varlik
gosterebilmesi, 6grenme hakkini kullanabilmesi ve bilgi iiretimine daha adil kosullarda
katilabilmesi 6nem tagimaktadir. Yapay zekanin egitim alanindaki degeri de burada ortaya
cikar. Asil soru, bu teknolojilerin kimler i¢in, hangi diller i¢in ve hangi 6grenme kosullar i¢inde
daha adil bir egitim ortami kurmaya katki sundugudur.

4. Yapay Zeka Baglaminda Dilsel Hegemonya

Yapay zeka, dil egitimi alaninda erisimi genisleten, geri bildirimi hizlandiran ve 6grenme
siirecini kullaniciya gore diizenleyebilen araglar sunmaktadir. Bununla birlikte bu araglarin
hangi dil anlayisina, hangi kiiltiirel kabullere ve nasil bir egitim 6l¢iisiine dayandigi her zaman
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acik degildir. Sorun tam bu noktada baslar. Ciinkii bu sistemler ¢ogu kez egemen dillerin
kullanim 6rnekleriyle, merkezde duran kiiltiirel kabullerle ve yaygin egitim aligkanliklarryla
gelistirilmektedir. Boyle bir temel kuruldugunda bazi nitelik-niceliler agisindan gii¢lii konumda
olmayan topluluklarin dil kullanim1 da 6grenme tecriibesi de geri plana itilebilmektedir. Bu
durumu betimlemek i¢in Birhane’nin (2020) “algorithmic colonialism” kavrami ile Meighan’in
(2022, 2024) “colonialingualism” yaklagimi birlikte diisiiniilerek “algoritmik kolonyaldilsellik”
kavrami olusturulabilir. Ancak buradaki asil sorun, tek tek yanlis sonuglarin ortaya ¢ikmasi
degildir. Bunun daha da otesinde gegerli sayilan dilin, deger verilen bilginin ve kabul goren
ogrenme biciminin dar bir merkezden belirlenmesi egilimidir. Zaten bu kavrami gerekli kilan
da budur. Ciinkii s6z konusu yapi, yapay zeka destekli dil egitiminde eski iistiinliik iligkilerinin
yeni araglar lizerinden slirmesini miimkiin kilmaktadir.

Somiirgecilik, en yalin anlamiyla bir toplulugun baska bir topluluk {izerinde iistiinliik kurmasi
ve bu istlinliigli kendi ¢ikarlar1 dogrultusunda siirdiirmesidir. Birhane’nin (2020, s. 389)
kullandig1 “algoritmik somiirgecilik” kavrami, bu yerlesik anlayis big¢iminin yapay zeka
cagindaki gorlinlimiine isaret eder. Burada {stiinliik, dogrudan askeri ya da idari yollarla elde
edilen bir durumdan 6te veri isleyen sistemler, siralama mantiklar1 ve yapay zeka temelli
cozlimler araciligryla kurulan durumlar1 anlatir. Bagkalarinda gelistirilen ve ihrag¢ edilen
sistemler; bunu ithal eden topluluklarin ihtiyaglarini, hayat tarzlarii ve dnceliklerini hesaba
katmadan devreye sokulur. Boylece ilerleme adina sunulan ¢oziimler, yerel bilgi birikimini ve
yerel egitim anlayisint  geri plana itebilir. Meighan’m (2022, 2024) kullandig:
“kolonyaldilsellik” kavramiysa somiirge doneminden miras kalan bilgi anlayislarinin ve
dillerin, 6zellikle de Ingilizcenin, egitimde ve dil politikalarinda iistiin konumunu korumasina
dikkat ceker. “Algoritma aracili dilsel somiirgelestirme” bigiminde kavramsallagtirdigimiz bu
durum, s6z konusu iki siirecin birlesmesine atif yapmaktadir. Bir tarafta disaridan kurulan ve
isleyisi disaridan belirlenen yapay zeka sistemleri vardir. Yapay zeka sistemleri cogu kez
Ingilizceyi, Bati’da yerlesmis bilgi anlayislarin1 ve Bati anlayis1 baglaminda egitimde neyin
dogru, yeterli ya da basarili sayilacagini belirleyen Olgiitleri temel alir. Boylece yapay zeka
hangi dilin gecerli sayilacagini, hangi bilginin degerli kabul edilecegini ve hangi 6grenme
biciminin kabul edilebilir goriilecegini de etkiler. Kavramin asil 6nemi de burada ortaya ¢ikar.
Buradaki sorun, bazi dillere 6ncelik ya da baska bir sdylemle iistiinliik taninmasindan ¢ok daha
kapsamlidir. Belirleyici olan dilsel gegerliligin, bilgi degerinin ve egitsel kabuliin hangi
merkezden tanimlandigidir. Birhane’nin  “algorithmic colonialism” ile Meighan’in
“colonialingualism” kavramlari1 birlikte ele alindiginda “algoritma aracili dilsel
somiirgelestirme” adin1 verdigimiz kavram 6begi tam da bu belirleme giiciine isaret eder. Yapay
zeka destekli sistemler, hangi dilin gecerli, hangi bilginin degerli ve hangi 6grenme bi¢iminin
kabul edilebilir sayilacagini da etkiler. Kavramin agiklayici giicii burada yatar. Ciinkii tistlinliik
iliskileri dilsel oncelikler, degerlendirme 6lgiitleri ve veriyle ¢alisan sistemler araciligiyla da
stirdiiriilmektedir.

Algoritma aracili dilsel somiirgelestirme, soyut bir olasilik olmaktan uzaktir. Bu egilim somut
orneklerde acikca goriilebilmektedir. Ozellikle Avrupa merkezli ve Ingilizceyi esas alan dil
normlarinin yeniden giic kazanmasinda belirginlesmektedir. Carbajal-Carrera’nin (2024),
“mansplaining”den hareketle onerdigi “Alsplaining” kavramui, {iretici yapay zekanin verdigi
yanitlarin her zaman notr bir bilgi aktarimi olmadigini gostermektedir. Bazi durumlarda sistem,
zaten ayricalikli konumda bulunan toplumsal ve kiiltiirel kabulleri sanki tek gegerli aciklama
bigimiymis gibi sunmaktadir. Ozellikle Avrupa merkezli yorumlarin ve erkek egemen bakisin
one c¢ikmasi bu sorunu daha goriiniir hale getirmektedir. “Alsplaining” kavrami da tam bu
isleyisi adlandirir. Yapay zeka, baskin kabulleri yeniden dolasima sokarken baska hayat
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tecriibelerini, bagka bilgi bigimlerini ve bagka yorum imkanlarin1 gélgede birakabilmektedir.
Tarihsel somiirgecilik kendi kiiltlirel olgiilerini bagka topluluklara dayatiyordu. Burada da
benzer bir yonelim, bu kez yapay zeka sistemlerinin verdigi cevaplar iizerinden islemektedir.

Yapay zeka tarafindan iiretilen metinler ilk bakista diizenli, giiclii ve ikna edici goriinebilir.
Ancak bu goriinim ¢ogu zaman yerel deneyimi, yerel bilgi birikimini ve kiiltlirel ayrintilar
yeterince tagimayan Orneklere dayanir. Stewart ve Zheng’in (2024) belirttigi gibi bu tiir
metinler, Bat1 kiiltiirel istiinliigiinii ve ana dili konusurlugunu 6l¢ii kabul eden yaklagimi
(native-speakerism) one c¢ikarirken yerel kiiltlirlerin bilgi diinyasin1 yeterince yansitamaz.
Bunun sonucunda dil egitimi alaninda somiirgelestirici etkiler iireten bir yaz1 diizeni tekrar
ortaya cikar. Burada dikkat edilmesi gereken nokta sozii edilen kiiltiirel eksiltmenin bigimce
diizgiin, giivenilir ve 6l¢iilii bir yazi1 bigimi i¢inde fark ettirilmeden dolasima girmesidir. Ayni
sorun, yapay zeka sistemlerinin dillere yaklasiminda da goriilmektedir. Bu sistemlerin biiyiik
béliimii, Ingilizce gibi kiiresel dlcekte dne ¢ikan diller temel aliarak gelistirilmektedir. Bunun
da sonucu aciktir: azinlik dilleri ile yeterince kayit altina alinmamus diller daha da geri plana
atilmaktadir. Ustelik sorun, diller arasindaki siralamayla da bitmemektedir. Merkezde tutulan
dillerin bile en 6l¢iinlii bicimleri dikkate alinmakta; ayni dilin sive ve agiz 6zellikleri geri plana
itilmektedir. Ornegin Vietnamca ve Mandarin bu agidan agiklayicidir. ChatGPT’ nin
Vietnamcanin kuzey, gliney ve merkez lehgeleri ile Mandarin’in Standart Mandarin, Tayvan
Mandarin’i ve Singapur Mandarin’i arasinda dnceden belirlenmis sorular karsisinda lehgeye
Ozgii igerik tanima ve iiretme bakimindan sinirl kalmasi, yapay zekanin dilsel hiyerarsileri nasil
yeniden lretebildigini acik¢ca gostermektedir (Tran & Stell, 2024). Bu eksiklik basit bir
performans sorunu olarak goriilemez. Ciinkii hangi dil bigimlerinin taninabilir, iiretilebilir ve
egitim alaninda dolagima sokulabilir sayildigina iliskin kararlar, dogrudan dilsel deger
siralamalariyla ilgilidir. Bir sistem bir leh¢eyi tanimadiginda ya da {iretemediginde yalnizca
eksik caligan bir arag olarak kalmaz; o leh¢enin kamusal ve egitsel gecerliligini de zayiflatir.

Yapay zeka destekli bu tiir uygulamalar, dilsel ve kiiltiirel ¢esitliligi degersizlestirme tehlikesi
tasimaktadir. Bunun sonucu olarak merkezde tutulmayan dilsel ve kiiltiirel ge¢gmislerden gelen
ogrenenler ile dil kullanicilar1 kendilerini digsarida kalmig hissedebilmektedir (Tankosic et al.,
2024). Yapay zeka tarafindan iiretilen igerikler, ingilizceyi sonradan &grenen bireylere eksiklik
merkezli bir bakis yoneltebilir. Boylece dilsel yeterligin ve yetersizligin ne anlama geldigine
iligkin somiirgeci kabuller daha da gii¢lenebilir. Tankosic ve arkadaslarinin (2024) “silinme
mekanlar1” adim1 verdigi alanlar da bu kosullarda olusmaktadir. Bu alanlarda ana dili
konusurlugu arzu edilir ve degerli goriiliirken ana dili konusuru olmama durumu ile aksanh
konusma eksiklik, uygunsuzluk ya da yetersizlik gibi kodlanmaktadir (Tankosic et al., 2024).
Yapay zeka sistemleri bu bi¢cimde kullanildiginda dilsel tistiinliik iliskileri yeniden kurulmakta,
Bati kaynakli standartlar merkezde tutulmakta azinlik lehgeleri, aksanlar1 ve dilsel oriintiiler ise
daha da goriinmez hale gelmektedir. Burada sorun, bazi gesitlerin geri planda kalmasindan
ibaret degildir. Asil sorun; hangi konusma bi¢imlerinin dogru, gecerli, 6gretilebilir ya da yeterli
sayilacagina iliskin kararin yapay zeka sistemleri araciligiyla yeniden kurulmasidir. Dilsel
cesitliligin bastirilmasi bu nedenle egitsel bir ayrinti olarak goriilemez. Boyle bir bastirma, bilgi
diinyalarinin deger sirasini yeniden belirledigi i¢in dogrudan epistemik giic iiretir. Bir aksant,
bir lehceyi ya da bir konusma Oriintiisiinli eksiklik olarak isaretlemek, o dili tasiyan hayat
bicimini de degersizlestirir.

Tiim bunlar bir arada diisiiniildiigiinde ikinci ve(ya) yabanci dil egitimi alaninda algoritma
aracili dilsel somiirgelestirmenin ciddiye alinmasi gerekliligi bir kez daha orya ¢ikmaktadir.
Uygulamal1 dilbilim agisindan burada gerekli olan sey, siirekli dikkatli olmak ve tiim bu
durumlara tarafsiz bir bicimde elestirel yaklasmaktir. Ciinkii yapay zeka sistemleri egitim
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alaninda kullanilmaya baslanirken kiiltiirel, dilsel ve sosyoekonomik ¢esitlilik hesaba
katilmadiginda eski somiirgeci aligkanliklar1 yeni araglar iizerinden tekrar kurulabilir. Bu
yiizden asil sorumluluk, teknolojik ¢6ziim fikrinin cazibesine kapilmadan dnce bu sistemlerin
kimi merkeze aldigini, kimi geri plana ittigini ve kimin 6grenme imkanini daralttigini sormaktir.
Belirleyici olan da budur. Yapay zekay: biitliniiyle reddetmek de kosulsuz benimsemek de
yeterli bir tutum degildir. Asil ihtiyag, belirli yapay zeka diizenlerinin belirli topluluklar
tizerinde ne tir sonuglar dogurdugunu siirekli sorgulayan siyasal ve pedagojik bir
degerlendirme gelistirmektir. Ancak bu tiir bir degerlendirme, teknolojik yenilik séylemi i¢inde
gizlenen yeniden somiirgelestirici etkileri agiga ¢ikarabilir.

5. Dilsel Adalet ve Yapay Zekanin Gelecegi

Oniimiizdeki yol, yapay zekanin etik tasarimi1 ve uygulanmasi konusunda kolektif bir kararlilig:
zorunlu kilmaktadir. Politika yapicilarin, egitimcilerin, arastirmacilarin ve teknoloji
gelistiricilerinin birlikte hareket etmesi gerekir; ¢ilinkii yapay zeka sistemlerinin dilsel ve
kiiltiirel ¢esitliligi gergekten dncelemesi, kendiliginden gerceklesecek bir sonug sayilmaz. Bu
ortak sorumluluk, 6grenenlerin sahip olduklari farkl: dilsel kaynaklari birlikte kullanarak anlam
kurma bigimlerinin (translanguaging), azinlik dillerinin yapay zeka tasariminda goriiniir ve
belirleyici bir yer edinmesini de igerir. Veri kiimelerinde daha ¢ok dile yer vermek, tek basina
yeterli bir yonelim sunmaz. Farkl dil kaynaklarini, anlam kurma yollarini ve kiiltiirel oriintiileri
gercekten icerebilecek yapay zeka araglar gelistirmek daha igevuruk bir yonelim olacaktir. Bu
yonelim, 6zellikle tehlike altindaki ya da yeterince temsil edilmeyen dil kaynaklar1 agisindan
daha da onem kazanir. Yapay zeka tasariminda hedef, kati1 dil normlarin1 yeniden {ireten
sistemler kurmak yerine, standart dis1 dil ¢esitlerine ve dilleraras1 anlam kurma pratiklerine de
onlar1 edilgenlestirmeden yer agan yapilar gelistirmektir (Dovchin et al., 2024). Adil bir yapay
zeka gelecegi burada sekillenir. Belirleyici nokta, veri gesitliligini artirmak kadar dile deger
kazandiran odlgiitleri de degistirebilmektir. Bir dilsel pratigin sisteme dahil edilmesi baska bir
diizeydir. O pratigin gecerli, liretken ve egitim bakimindan nitelikli kabul edilmesiyse bagka bir
diizey olusturur. Doniistliriicli ve niteliklestirici etki, bu ikinci diizeyde ortaya ¢ikar.

Birhane’nin (2020: 389), Afrika iizerinden dikkat ¢ektigi durum, tartismanin asil yoniinii agik¢a
gostermektedir: Bati’da gelistirilen yapay zeka sistemleri; Afrika’nin dilsel, egitsel ve
toplumsal ihtiyaclarina karsilik vermekte yetersiz kalabilmektedir. Bunun sonucu yalnizca
ihrac yapay zeka araglarin kullanilmasi ve somiirgeye acik hale gelmekle sinirli kalmaz. Ayni
zamanda yereldeki dijital araglarin, dil teknolojilerinin ve bolgesel ihtiyaglara gore gelistirilen
egitim ¢oziimlerinin gelisme olanaginin da siirecin hemen basinda siliklesmesi s6z konusudur.
Boylece iilkeler, kiiltiirler ve topluluklar; disarida gelistirilen yazilimlara, platformlara ve veri
isleme sistemlerine daha bagimli hale gelmektedir. Bu sorun sadece Afrika ile siirli degildir.
Diller aras1 anlam kurma {izerine yapilan ¢aligmalar, yerli diller ve azinlik dilleri bakimindan
da benzer bir tablonun ortaya ¢iktigini gostermektedir. Disaridan gelistirilen yapay zeka
sistemleri, bu dilsel ve toplumsal baglamlara yeterince karsilik veremeyebilir. Daha 6nce de
dile getirildigi gibi Ingilizcenin merkezde tutulmasi, yerel dillerin ve bu dillerin alt
kategorilerinin gelisimini daha da zorlagtirabilir. Boyle bir durumda sorun, bir sistemin belli bir
topluluga tam uymamasiyla aciklanamaz; belirleyici unsur, dilsel gelecegin nerede tasarlandigi,
hangi dillerin gelistirilmeye deger bulundugu ve hangi topluluklarin kendi araglarini {iretme
imkanimnin sinirlandigidir. Dilsel bagimlilik ile dijital bagimlilik tam bu noktada dikkat ¢ekici
bir bigcimde kesismektedir.

Tiim bunlara ek olarak yapay zekaya erisim de basli bagina bir esitsizlik alan1 iiretmektedir. Bu
teknolojilerin gelistirilmesi ve uygulanmasi yliksek maliyet gerektirdigi i¢in varsil iilkeler ile
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kaynaklar1 sinirh iilkeler arasindaki teknolojiye erisim esitsizligi daha da derinlesebilmektedir.
(Fang & Dovchin, 2024). Yerel ihtiyaglar1 dikkate alan, kapsayici ve maliyet bakimindan
ulagilabilir yapay zeka ¢ozlimleri gelistirilmediginde dil egitiminde bu teknolojilerin sagladigi
imkanlar, onlardan en ¢ok yararlanabilecek topluluklar icin bile erisilmez kalabilir. Dil
egitiminde kullanilan yapay zeka sistemleri cogu zaman giiclii finansal kaynaklara, geligmis
dijital olanaklara ve yogun insan emegine ihtiya¢ duymaktadir. Bu durum, 6zellikle gelismekte
olan bolgelerde maddi ve teknik olanaklar1 gii¢lii egitim kurumlar ile kaynaklar1 sinirlt
kurumlar arasindaki farki daha da artirabilmektedir (Dovchin, 2017). Burada goriilen esitsizlik,
araclara ya da yazilima ulagsma sorunuyla siirli kalmaz. Maddi olanaklar, §gretim imkanlarini
ve O0grenme hakkindan yararlanma diizeyini dogrudan etkilemektedir. Bu ylizden erisim,
internete ya da cihaza ulasma meselesiyle sinirl bir konu olarak ele alinamaz. Ogrencinin ana
dilini, dil O0grenme siirecindeki gereksinimlerini ve anlama bi¢imini goézeten araglara
ulagabilmesi de erisimin temel bir pargasidir. Egitim siirecinde yer bulabilmek ve disaridan
kurulmus sistemlere biitiiniiyle bagimli hale gelmeden Ogrenebilmek de ayni cercevede
diistintilmelidir. Bu giigliiklerle basa ¢ikabilmek ic¢in yapay zeka sistemlerini besleyen veri
kaynaklarinin ve veri kiimelerinin kiiltiirel ve dilsel gesitliligi gercek anlamda kapsayacak
bicimde genisletilmesi gerekir. Bu siireg, teknik diizeyde yapilacak bir glincellemenin 6tesine
uzanir; tasarim anlayisinin, veri toplama bigimlerinin ve karar alma siireglerinin de yeniden
diisiiniilmesini gerektirir. Katilimc1 ve ortak liretime dayanan tasarim siiregleri etkin bir bicimde
kurulursa, bu gesitlilik yapay zekad sistemlerine daha gliglii ve daha anlamli bigimde
yanstyabilir. Bu ylizden dilsel ve kiiltiirel bakimdan farkli toplumsal konumlarda bulunan
ogretmenlerin, topluluk onderlerinin ve politika yapicilarin yapay zekd temelli ¢oziimlerin
tasarimina dogrudan katki sunmasi biliylik 6nem tasir. Bu tiir girisimler, somiirgelestirici
egilimleri sinirlayabilir ve kiiltiirel agidan duyarli, dilsel ¢esitliligi gozeten egitim
uygulamalarinin kurulmasina katki saglayabilir. Ozellikle dgretmenler, yapay zekanmn sinif
icindeki gii¢ iliskilerini nasil etkiledigini elestirel bicimde degerlendirdiklerinde dgrenenleri
destekleyen ve giiclendiren uygulamalar1 daha kararli bicimde savunabilirler. Yapay zeka
araclari; 6grencilerin dilsel gesitliligini goriiniir kilan, ona deger atfeden ve onu egitim siirecinin
bir parcast héline getiren bi¢imlerde kullanilabilir. Béyle bir kullanim, siif iginde dilsel
farklilig1 egitimsel bir imkan olarak goren bir kiiltiiriin gelismesine katki sunar. Uygulamali
dilbilim agisindan gdrev de burada belirginlesir: yapay zekanin dil egitimindeki toplumsal ve
siyasal sonuglarini siirekli sorgulamak. Asil mesele, yapay zekayi siifa verimlilik getiren bir
ara¢ olarak kullanmanin Otesinde onu dilsel adaletin hangi kosullarda kurulabilecegini
diistindiiren bir stnama olarak ele almaktir. Bir yapay zeka araci, 6grencinin dilsel ¢esitliligini
goriiniir kildiginda ve ona deger kazandirdiginda pedagojik bakimdan kurucu bir isleve sahip
olur; bu cesitliligi sessizce tek tipe indirgediginde ise dislayici bir isleve yonelir.

Dil egitiminde yapay zekanin gelecegi, bundan sonra verilecek kararlara baglidir. Uygulamali
dilbilimcilerin, egitimcilerin, arastirmacilarin, politika yapicilarin ve teknoloji gelistiricilerin
benimseyecegi yonelim; bu alanin nasil sekillenecegini belirleyecektir. Yapay zeka ile
uygulamali dilbilimin kesisiminde esitligi, ¢esitliligi ve dilsel adaleti merkeze alan bir yaklagim
benimsendiginde bu teknolojilerin doniistiiriicti giicii daha yapici bi¢imde degerlendirilebilir;
yeniden somiirgelestirici risklere karsit daha koruyucu bir zemin de olusturulabilir. Boyle bir
yonelim, biitiin dillerin ve buna bagl olarak biitiin dil 6grenenlerin esit deger tasidig1 daha
kapsayici bir gelecege dogru giiclii bir adim anlamu tagir. Buradaki temel hedef, yapay zekay1
daha kullanigh kilmakla siirli kalmaz; hangi dillerin, hangi konusurlarin ve hangi 6grenme
bicimlerinin esit deger tagidigina iligkin siyasal ve pedagojik zeminin yeniden kurulmasini da
icerir. “Dilsel agidan adil gelecek” mottosu dilsel hiyerarsilerin ¢oziilmesini, teknolojik
tasarimin toplumsal sorumlulukla birlesmesini ve 0grenmenin her topluluk i¢in onurlu bir
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imkan haline gelmesini talep eden kurucu bir yonelimi adlandirir. Yapay zekanin gelecegi de
bu yonelim i¢inde savunulabilir ve anlam kazanabilir.

6. Sonug

Calisma, yapay zekanin uygulamali dilbilim ve dil egitimi alanindaki yerini teknik yenilik
anlatisinin ~ Gtesine tagiyarak toplumsal, dilsel ve pedagojik sonuglariyla birlikte
degerlendirmistir. Tartisma boyunca yapay zekanin tek yonlii bir gelisme ¢izgisi izlemedigi,
farkli baglamlarda hem kapsayici imkanlar acabildigi hem de tarihsel esitsizlikleri yeni araclar
iizerinden siirdiirebildigi gosterilmistir. Bu ¢ercevede ulasilan temel sonuclar su sekilde
Ozetlenebilir:

e Yapay zeka, Ogrenme ortamlarinin tarihsel doniisiimii i¢cinde ortaya c¢ikan giincel bir
asamadir. Bu nedenle onu egitim alanina sonradan eklenmis bagimsiz bir ara¢ gibi gérmek,
meselenin asil boyutunu daraltir. Bilginin nasil iiretildigi, dolasima girdigi ve mesruiyet
kazandig1 sorular1 yapay zeka tartismasinin merkezinde yer alir.

o Dil egitimi bakimindan yapay zeka 6nemli olanaklar sunmaktadir. Kisiye uyarlanmis destek,
hizl1 geri bildirim, yazma siireclerine eslik eden etkilesim, risk altindaki 6grenenlerin daha
erken fark edilmesi ve 6grenenin egitim icindeki etkin konumunun giiglenmesi bu olanaklarin
baslicalaridir. Ozellikle miilteciler, yerinden edilmis topluluklar, yerli halklar ve dilsel
bakimdan dislanan 6grenciler agisindan bu katkilar daha belirgin hale gelmektedir.

e Bu olumlu imkanlarin yaninda ciddi yapisal riskler de vardir. Yapay zeka sistemleri ¢cogu
zaman egemen dilleri, standart dil Olgiilerini ve merkezi kiiltiirel kabulleri temel alarak
gelistirilmektedir. Bu durum, yerel dillerin, lehgelerin, aksanlarin ve farkli bilgi bigimlerinin
geri plana itilmesine yol agmakta; dilsel hiyerarsileri yeni veri rejimleri ve degerlendirme
olgiitleri lizerinden yeniden kurmaktadir.

o “Algoritmik somiirgecilik”, “kolonyaldilsellik” ve bu makalede tartigilan algoritma aracilt
dilsel somiirgelestirme yaklasimi, yapay zeka destekli dil egitiminin yalnizca teknik bir
diizenleme alan1 olmadigini acik¢a ortaya koymaktadir. Buradaki belirleyici sorun, hangi dilin
gecerli, hangi bilginin degerli ve hangi 6grenme bi¢iminin kabul edilebilir sayilacaginin hangi
merkezden tanimlandigidir.

e Daha adil bir yapay zeka gelecegi, etik tasarim, ortak tiretim, kiiltiirel temsil, dilsel ¢esitlilik
ve erisim esitligi temelinde kurulabilir. Ogretmenlerin, arastirmacilarin, politika yapicilarin ve
teknoloji gelistiricilerin bu siirece birlikte katilmasi, yapay zeka sistemlerinin daha kapsayici
ve daha duyarli bir ¢izgide gelismesi agisindan temel 6nem tasimaktadir.

Sonug olarak yapay zekanin uygulamali dilbilim agisindan tasidig: asil 6nem, egitim siireglerini
hizlandirmasinda ya da kolaylagtirmasinda toplanmaz. Asil 6nem, dil egitiminin yOniinii,
olgiitlerini, gii¢ iliskilerini ve adalet anlayisin1 yeniden etkileme kapasitesinde ortaya ¢ikar. Bu
nedenle bundan sonraki temel gorev, yapay zekay: egitimde kullanmakla yetinmekten ¢ok, onu
hangi diller, hangi topluluklar ve hangi 6grenme bicimleri i¢in daha adil bir gelecek
kurabilecegimiz sorusu etrafinda yeniden diisiinmektir.
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1. Introduction

With the advent of twenty-first century, digitization of global cultural heritage emerged as one
among the priority agendas for museums, libraries and research centers. As institutions carry
out the lengthy task of long-term preservation and broad access by digitizing physical objects
using high-resolution systems, this process is more than a technical transformation; it brings
about a quietontological change to the cultural object. Originally intended for human
researchers, digital archives have now become the dominant data feed that machine learning
models are based on; such a scenario collapses artistic work into a data point, severing it from
the relational life it assumes as part of its material context. But a miniature, sculpture or weaving
is never just visual surface; it is a symbolic whole generated within a particular historical
context, subsisting along with meanings assigned to tactile experience, spatial placement, ritual
function and the provenance of its material. While high-resolution scans can capture the visual
surface in detail, they cannot embed these semantic layers into the data structure itself; thus this
form of digitization practices as a knowledge regime that excises historicity from that object.
The impact of this reductive transformation becomes quite apparent in Al-based productions.
Since models mine statistical patterns to learn traditional forms like the Ottoman miniature,
they are able to reproduce conscious decisions at a formal level — such as avoiding perspective
or scaling figures hierarchically or assigning significance by color. However, through the lens
of Panofsky's (1955) mode of iconological analysis, these models are stuck at a pre-
iconographic level (formal description) and unable to access more substantive iconographic
(subject matter and concepts), or iconological (cultural meaning) levels. Though the outputs
that result may appear grammatically coherent, rendering semantic-cultural richness is
impossible, which switches generated pieces into aesthetic simulacra and ruptures their
semantic form.

And it is exactly here where my research wants to question the kind of knowledge that is gained
and produced when traditional art heritage has been ordered and structured into digitised
datasets, as well as what the ethical implications of this type of knowledge production are. The
analysis of the implicit preferences enshrined in digitization practices let's us start with a first
focus of the study: which works are selected according to which technical parameters, the
ideological background of these choices, processes' politics of representation creates a
normative framework that is often not even challenged. Second, this study will explore which
layers of meaning disappear from the cultural object when it has been reduced to a data point,
that is, what kind of information is being lost; it will consider how various aspects such as
religious iconography or mythic storytelling, position within social structure or physicality
become erased and unprovable in the metadata accompanying the dataset. The third phase will
evaluate the production costs of models trained on style-based datasets without contextual data;
it will discuss how these models embodiment tradition, what kinds of epistemic violence they
perpetrate and how contribute to cultural flattening. Finally, in response to these issues,
principled recommendations will be made regarding how to cultivate a context-sensitive,
polyphonic and fair data ecosystem; the conditions under which Al is able to interpret tradition
not only as an aggregate of visual materials but as a meaningful and historicised knowledge
system will be queried. In this vein, it will be asserted that interdisciplinary working, critical
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dataset curation and enriched semantic metadata production are just as crucial as building the
technical capacity of digital heritage institutional management.

2. Literature Review

Abundant literature addresses the digitization of cultural heritage as one activity among others
for preservation and access (often seen as a technical rather than historical/social occasion).
This strategy relies on the idea that knowledge is captured by moving material things into the
digital environment. However, critical studies demonstrate that the digitization process is not a
neutral transfer and show that this process is one of value-laden choices. Leading questions of
which works are elevated, which institutions receive visibility, and what cultural products are
carried reside at the heart of digital inequality and the politics of representation.” As Fiona
Cameron (2007) notes, scanning techniques isolate the object from its context of production;
they standardize scale and compress a threedimensional entity to two-dimensional space. This
technical framing constricts the relational context of the object, while also limiting its cross-
cultural semantic transfer. The iconological approach elaborated in the literature of art history
seeks to follow a gradual deepening of meaning present in visual works. The pre-iconographic
level identifies the familiar figures and formal elements, while the iconographic level interprets
traditional narrative and symbolic repertoire. In contrast, the iconological level is used to better
understand the worldview, value system and intellectual outlook of the era in which the work
was produced. Data structure is not based on mixed semantic or semiotic levels, but rather
restricted to the pre-iconographic and iconographic levels (semantics and syntax are dealt at a
generic level with shallow context). This contraction ultimately uproots visual motifs from their
historical meaning carriers and currents with abstract stylistic elements. Studies of Al-based
systems indicate datasets can replicate social and cultural biases. The issue in the cultural
heritage domain does not take the form of overt discrimination, but rather of a shallow treatment
of meaning. This means a model might sort out an iconographic motif, but cannot ever express
what that motif meant in theological disputes or how it worked in ritual practice.” IIn this
scenario, cultural knowledge is decoupled from history and intellectual thought, reduced instead
to computation patterns; if we can recognize a visual image successfully statistically, then it
does not mean that we have represented cultural meaning.

Owing to the postcolonial emphasis on representation processes and power relations, Edward
Said's (1978) orientalism refers to the West's representation of the East as exotic, stagnant, and
a non-Western information other. As the name of an object, its registration as a category in
digital repositories, has at least aesthetic connotations that take narrative and political content
out of focus (301), paving the way for an updated form of digital orientalism. Al-scaled visual
production practices hasten the representation of cultural material and bind it to certain patterns,
thus reproducing these historical types of representations while paradoxically masking their
technical partisanship. This study integrates the previously mentioned literature, intending to
conceptualize the connection of digitization and Al not simply as a technical series of processes
but also as a political territory of knowledge production. To this end, the Critical Digitization
Chain (CDC), a three-stage analytical framework is thus proposedcomprising selection and
framing, data conversion and labeling, in addition to model training and reproduction.

2.2. Methodology: Critical Digitization Chain Analysis

The research has a qualitative and conceptual design — it will not have an empirical proven
output; rather, it collates existing practices and theoretical approaches, cross-analysed with a
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fictional case, which highly correlates factual reality. At its core, the model follows the Critical
Digitization Chain model and seeks to surface epistemological shifts that arrive at both ends of
the cultural object transformation line (from physical to an Al-generated output). It does not
restrict the set of decisions made at each level to technical criteria and systemically interrogates
how these criteria impact knowledge production, which effaces the transformation process as
an instrumental transfer and treats it instead as a space where significance is remade. The first
stage is where the physical artifact becomes a digital image, and selection policies make
decisions about which collections are digitized in terms of what criteria. If an imagined dataset
of OttomanMiniatures-10k is composed only of good condition works with figurative scenes
from reputable institutions, other aspects are lost to the margins: damaged objects and pages
heavy with text as well as production centers less prominent in the academic narrative; such
exclusions represent a constricting data universe and a constrained historical diversity.
Although technical aspects (such as resolution settings, color calibration, lighting choices and
cropping exploits performed during scanning) could be classified within this sphere,
representing a 3D object by proxy of a 2D image sordidly flattens volumetric perception and
surface texture; therefore, the cleaning of background and placement on neutral ground
eliminate relational elements such as binding, architectural niche or spatial location. At the level
of initial metadata entry, information like title, artist, date and current location are dug out;
however, the ‘anonymous’ category used for missing info does not encapsulate the collective
nature of workshop production or a tradition of conscious anonymity so represents an early
stage in a narrowing down of representation. The second stage is to transform the digital image
into a data point that can, in turn, be processed by machine learning; this implicates one or more
organizing taxonomy upon which to categorize and classify images. Use of Western-imposed
periodization schemes as universal standards can eclipse the historical logic of other traditions;
cramming images from disparate cosmologies into the same ambient super-category, say
"religious art," effaces specific theological referents. The keywords and descriptions indicate
the linguistic framework within which the visual is defined and how a process of labeling
reflects a particular cultural perspective one defining the sacred symbol only as geometrical
patterns pushes the cosmological meaning of that symbol to outside of its data structure. Though
clear articulation of the selection and classification conditions are needed in documentation and
transparency for datasets, Model Cards and Dataset Information Forms — as Gebru et al.
(2018), with the goal of delineating the dataset's limits and selections, as well as potential
biases; however a large portion of data collections within cultural heritage institutions do not
offer this depth of explanation, which contributes to an attenuation of epistemic credit (or
blame).

Stage three describes this handing data points to statistical models and how generative output
emerges as representations that we learn, in which the model captures correlations between
pixel patterns. One can learn to match the visual features of a figure and some elements of
clothing at a statistical level, whereas a historical or symbolic meaning behind such features is
not captured in the model and therefore no meaning beyond that (i.e., visual accuracy) is
obtained. Iconographically coherent scenes can be produced if we request a certain historical
style, but when the semantic relationship between symbols is not taken into account, the age
scale or spatial arrangement of figures can conflict with historical practice; this is a clash
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between visual accuracy and cultural significance. Imbalances in representation directly reflect
asymmetry in data distribution; most notably, where density patterns of male rulers alongside
ordinary symbols (R16) result in minimal representation of the female and common populace,
the model generalizes this pattern, projecting historic selectivity as normative reality into Al
output. In this way previous representational asymmetries become algorithmically entrenched,
and the digitization of cultural heritage no longer appears to be a neutral technical transfer but
rather a political field in which meaning was produced and particular epistemological choices
were made.

2.3. Case Study: OttomanMiniatures-10k and MinyatiirGAN

This methodological framework is rendered concrete via a fictional case. OttomanMiniatures-
10k is a collection of ten thousand figurative miniature images scanned from Western-based
museums and archives in Turkey. This includes basic fields like title, estimated date, location,
style. The name of the manuscript, content of a narrative, iconographic analysis of symbols and
cultural value are absent from this data structure. The scenes generated by the MinyatiirGAN
model trained on this dataset closely resemble the original tradition. This is achieved in terms
of consistency of composition, color palette and figure typology. But the wild thing is, if you
follow the way this analysis works, the process of reduction happening at each stage is visible
in the output. Where the loss of context begins, from the artefact onwards, accelerates at the
data point and in turn breaks as it manifests in model output—a tension of aesthetic consistency
against semantic disjunction.

Ultimately, this case study illustrates how the Critical Digitization Chain model provides a
useful tool for examining the epistemology of the digital circulation of cultural heritage. The
model renders visible the transformative impacts of digitization and Al applications on cultural
knowledge production and allows discussion of the political dimension of this process.

3. Findings and Analysis: The Biological Mechanism of Reduction

The definition of the selection criteria for OttomanMiniatures-10k creates a serious
epistemological limitation at the very first stage of digitization process. Emphasis on decorative
importance and physical state consolidates a narrative that writes art history through instances
of excellence, whereas relatively damaged, faded, or partially destroyed works (e.g., their object
biography) remain invisible. But traces of wear offer valuable evidence as to usage patterns,
circulation networks and historical rupture. Finally, because of the data universe, traces are
eliminated that limit a historical reading to an idealized moment of culture, objectified. Digital
cropping practices isolate the miniature from its textual and page layout. At this stage, the unity
of text and image — a fundamental feature of the art of the book — is severed. If a miniaturized
hunting scene is meaningful not only as a text in its own right but as part of an integral work
like the Shahnameh, from which it derives narrative structure by producing metaphors of
sovereignty, then severed from such context what has been rendered is merely a formal
composition—an arrangement of mounted figures around animal depicta. The reduction at this
level divides the material fabric of cultural object and renders the digital image in a
representational format largely removed from its historical context. The dataset applies a
restrictive metadata schema, which causes flattening of meaning layers. Labels that give simply
“sixteenth century” conceal the political upheavals, aesthetic breaks and competitive
engagements of court workshops in that very century. The broad features of stylistic distinctions
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between the reigns of Selim I and Murad III collapse into one time frame; micro-historical
distinctions cannot be reflected in its data structure.

The “Ottoman” tag has a parallel flattening effect since it sweeps up production centers from
the regions operating along with the imperial geography into a single style category. When
sublime differences of style between workshops in Baghdad, Cairo and the Balkans find no
parallel in data structure, monolithic assumptions about Ottoman styles solidify. On the other
hand, iconographic silence comes from withdrawing narrative content from the dataset; when
particular subject headings like the Throne of Prophet Solomon or Khusraw and Shirin
supersede in favor general labels like “religious scene” or “literary scene,” symbolic details
vanish at the data level.

The results generated by the MinyatiirGAN model embody a stage where the reductions in prior
stages reach their climax. The model can convincingly replicate the proportions of large heads
seen in human figures, the use of three-quarter profile views for faces and flat areas of color;
what it produces have a stylistically credible appearance. But the compositions often void of
narrative integrity; without any clear story relationship established among figures, symbolism
is positioned in and around the composition regardless of their historical meaning. Its aesthetic
elegance is retained but the semantic skein is fraying. Hence, since power representation has a
higher weight in the data, the system then generalizes as if all sultans and viziers lean towards
fighting; walking scenes as daily life, folk stories or ritual practices end up under-represented.
This distribution makes historical power relations seem like a simple fact through statistical
repetition, and past representational asymmetries come back into circulation as an exacerbated
reality in Al outputs. Cultural exchanges are also subjected to this form of reductio. Ottoman
miniature art was not created in a vacuum; it developed through an extensive, multi-layered
interaction with Persian, Byzantine, and European visual traditions. However, a single average
style vector distilled from this relational network results in either a blended yet nebulous image
or hybridized visual vernacular coalescing by emphasizing predominant configurations. This
produces a representation that fails to capture the dynamic structure of historical interaction and
demonstrates how meaning loss accumulates at the various stages of cultural heritage
digitisation: where this loss stacks into the generative model output.

4. Discussion: Ethical and Epistemological Consequences

Turning cultural heritage into digital datasets to be used in Al fundamentally changes what
knowledge even is. The first approach is based on the traditional art historical and
anthropological model, which assumes hermeneutics and that object senses must be read from
context; while the latter bases this on measurable properties. In 1973, the anthropologist
Clifford Geertz introduced his notion of “thick description,” an argument for the multi-causal
interpretation of cultural meaning. But when the analytic gaze is trained on data rather than
context, thick description gives way to a thin logic of data; that tension between interpretive
depth and statistical representation reveals itself. As the context squeezed out of cultural
knowledge, what comes to burn is that the production of meaning based on numerical
representation makes a constrictive effect at an epistemological level. The inability to use
meaning layers in datasets excludes cultural communities from expressing their heritage
according to their own concepts. The decolonization of methodologies articulated by Linda
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Tuhiwai Smith in 1999 shows that what processes of representation do is directly tied to power
relations. Where cultural objects are defined under West-centrical curatorial categories, local
epistemologies recede into the background, and Al systems will scale this problem of
representation; intellectual appropriation becomes structural. The traditional motifs churned out
thousands of times over and circulating on their own terms; the sacred or historically sensitive
images reconfigured for commercial, decorative ends. And so a kind of appropriation at the
algorithmic level is forming. The responsibility question has a multi-dimensional character and
if such harmful or misleading representation happens, a field of accountability between model
developers, dataset curators and users is identified in its responsible matters, it impairs the
responsibility.

The results of this study do not lead us to abandon digitization, but rather, cast into question the
forms in which it must be pursued in a more integral and critical way. Wide-angle images,
showing the physical environment of the artifact can be attached to scanning processes by
preserving contextual integrity; space-saving three-dimensional spreading methods assist in
conserving two dimensions of spatial attribute for concerned object. Metadata schema
expansion should include fields like iconographic explanations, local language terminology,
narrative context, material data, and symbolic meaning. This should be done in the direct
involvement of cultural communities and field experts. The proposed framework from
Hutchinson and others in 2021 where every dataset should be supported by a diversity / cultural
documentation statement that clearly lists the selection criteria, who funded it, curatorial
decisions, current biases etc. Instead of separating between task setups, Al research must
advance multimodal models and strive to learn semantic relationships rather than sticking with
visual features Coincidence of visual data with explanatory texts and mythological narratives
favors preserving the layers of meaning. In addition, usage guides and ethical licenses would
support datasets being shared in a way that is respectful of cultural sensitivities. We do this by
limiting certain commercial uses, and by providing more precise definitions to the principle of
respect. Hence, the issue of enhancing technical capacity in the area of digital heritage
management must not be treated as a panacea; rather, there is need for an epistemological
approach that is polyphonic and transparent while preserving contextual integrity.

5. Conclusion

This research highlights the significant epistemological and ethical implications of organizing
traditional art heritage as digital archives and Al datasets. From the physical object to its digital
image, from that to a point of data and from that to the result of its model — all this process is
marked by the dissolution of context and meaning. With each transformation, the cultural
context in which it was created, its modes of use and symbolization are either completely
undone or drastically downgraded. The decisions involved in digital representation — which
works will be digitized, what fields of metadata will be filled out, at what resolution and angles
images will be captured — are necessarily informed by a particular mindset. These are
curatorial choices that ultimately determine the nature of cultural heritage reconstruction.
Furthermore, since the datasets that are used in training AI models tend to lack this contextual
information, models end up learning just formal similarities while overlooking semantic layers.
This aesthetic congruence does not ensure complete representation of a culture’s richness, and
rather generates HITOP-compatible similarities that risk losing sight of its original significance.
However, with digital technologies we have the potential to circulate cultural heritage in a more
accessible and inclusive way. Works from distant geographies can find mass audiences on
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digital platforms; once invisibile local or minority cultures can attain visibility. But capitalizing
on this potential will require careful attention to sensitive matters such as closing the digital
divide, copyright and cultural appropriation. Digitalization also revolutionizes how cultural
communities document, interpret, and share their heritage. Though this evolution does hold the
potential for democratic progress in community engagement, it also has the potential to become
just another mode of infra-marginalization otherwise. By engaging a widely recognized field of
responsibility for cultural heritage experts, Al researchers, data ethicists and cultural
communities as they come together, systems can be designed that preserve context and respect
meaning. It requires the need for interdisciplinary methodologies that guarantee participatory
design processes and embedded ethical principles in systems architecture from the very
beginning.

Ideally, the digital milieu will emerge as a forum for multi-dimensional exchange, rather than
evolving into a hollow display of cultural diversity. To this end, digital archives and models of
general artificial intelligence need to be organized in ways that encompass not just formal
characteristics but the contexts of production and use, historical strata, and polyvalent meanings
of works. It encourages users to think critically about the works being brought together, opens
spaces for varied interpretations, as well as points out that cultural heritage is an active and
ongoing living process. When tradition becomes a dataset it needs methods that respect its
symbolic and historical freight. They should attempt to render context visible at all stages of
the digitization process, incorporate local knowledge and community perspectives, and embed
ethical principles.

Recommendations

Based on the findings from this research, the following recommendations are made for the
digitizing of traditional art heritage for use in Al applications:

Development of Contextual Metadata Standards (Brisbane) Digital archives should not only
record technical and descriptive information but contextual data such as production context,
transformations of meaning over the work's historical trajectory, ritual or daily usage practices,
local terminology, and symbolic meaning. Expanding this to create standards for contextual
metadata development will facilitate more successful documentation efforts when considering
meta-information surrounding materials. To this end, we should develop multidisciplinary
metadata schemas for such archives that would involve cultural heritage institutions (including
linguistic sourced ones) and linguists and anthropologists.

Contextualized and Inclusive Digitization Processes: The involvement of cultural communities
should be guaranteed - in practice, all the stages processes of selecting works to be digitized,
from defining metadata content to digital presentation formats and access policies. This must
respect the right of community members to interpret and represent their own heritage, including
preparation programs."

Setting Ethical Frameworks and Guidelines: There should be defined ethical principles to
safeguard cultural heritage during the creation of datasets and training of AI models. These
principles should include representational fairness of datasets, cultural sensitivity, copyright,
privacy and moral property rights for communities. 1. Guidelines should be developed that sit
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alongside appropriate UNESCO and similar international organizations’ frameworks but are
relevant to local contexts.

Education and Awareness Programs: Training programs focused on digitization and Al ethics
should be designed for cultural heritage professionals, Al researchers, and data scientists. These
programs ought to promote interdisciplinary knowledge that increases the capacity of varied
outlooks to coordinate. Education in this area should also be supported to ensure the digital
literacy and engagement capacities of cultural communities.

Open and Responsible Data PoliciesDevelop protective mechanisms against the risks of
commercialization and misuse of cultural heritage when opening up access to digital archives
and datasets. Licensing models that promote a middle ground between open access and the
defense of rights rooted in culture (e.g., Creative Commons-based licenses, with traditional
knowledge-specific supplementary conditions) should be encouraged.

Grow the Contextual Sensitivity of Al-models: The architectures that cater to visual or auditory
data should also process contextual metadata and semantic layers during the training of self-
learning Al models. This would allow models to understand more than formal patterns: it would
enable them to learn cultural meanings. Also, design interfaces that give contexts to users while
interpreting the model outputs. Continuous Evaluation and Update Mechanisms: Digital
archives and Al applications should be built as systems that both welcome the feedback from
cultural communities and are regularly evaluated and updated. Thus both the technological
developments and the needs of society can be adaptively utilized, and misrepresentations or
negative effects mitigated in a timely manner.

You would contribute to the enhancement of Al technology with diversity that will also benefit
your traditional art heritage preservation and development in a digital environment. In the end,
what we are aiming to achieve is to shift the digitization process away from an instrument that
promotes the homogenization of cultural heritage towards being a facet of a polyphonic and
multilayered dialogue.
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Oz

Bu makale geleneksel sanat mirasi eserlerinin yiiksek ¢oziintirliklii taramalar aracilifiyla dijital arsivlere
doniistiiriilmesi ve bu arsivlerin yapay zeka modelleri i¢in egitim verisi olarak yapilandirilmasi siireglerinin tirettigi
etik ve epistemolojik sorunlart mercek altina almaktadir. Dijitallestirme projelerinin siklikla vurguladig: "ebedi
koruma" ve "evrensel erisim" sdyleminin altinda, kiiltiirel nesneleri tarihsel, ritiiel ve toplumsal baglamlarindan
koparan bir bilgi rejimi islemektedir. Bu rejim, kiiltiirel varlig1 gorsel stile ya da yiizey oriintiisiine indirgeyerek
bir minyatiirii, heykeli ya da dokumay1 RGB piksel degerlerine, 6znitelik vektorlerine ve istatistiksel dagilimlara
doniistiiriir. Bu doniisiim sirasinda eserin dini sembolizmi, mitolojik anlatisi, toplumsal hiyerarsi igindeki konumu
ya da malzemenin kutsallig1 gibi anlamsal katmanlar, veri setinin metaverisinde giderek siliklesir. Yapay zeka ile
egitilen iiretici modeller geleneksel formu teknik olarak yeniden kurabilse de bu yeniden kurma eylemi, anlamsal
biitiinliigiinden koparilmis bir estetik iiretime doniigmektedir. Bu makale, s6z konusu doniisiimii "epistemolojik
siddet" ve "kiiltiirel diizlestirme" kavramlar etrafinda tartismaya agmaktadir. Onerdigim metodolojik cerceve,
dijitallestirme siirecini li¢ asamada analiz etmektedir: se¢im ve g¢erceveleme, veriye doniistiirme ve etiketleme,
model egitimi ve yeniden liretim. Kurgusal fakat ger¢ekei bir 6rneklem olarak tasarladigimiz OttomanMiniatures-
10k veri seti ve bu veri setiyle egitilmis MinyatiirGAN modeli {izerinden yaptigimiz ¢oziimleme oldukca
ogreticidir. Model, bir padisah portresindeki hale, durus ve sembolik nesneler gibi ikonografik gostergeleri gorsel
diizeyde basariyla taklit edebilmekte, yani gorsel grameri yeniden iiretebilmektedir. Ancak bu gostergelerin asil
islevi olan iktidar1 mesrulastirma ya da dini hiyerarsiyi goriinlir kilma gibi kiiltiirel anlam diinyas1 (semantik),
modelin temsil alaninin tamamen diginda kalmaktadir. Bu ¢alisma, dijital miras yonetiminde teknik kapasitedeki
artisin tek bagina yeterli olmadigini, aksine baglamsal biitiinliigii gézeten ¢oksesli ve seffaf bir epistemolojik
yaklasimin zorunlulugunu ortaya koymaktadir. Yapay zekanin gelenegi yalnizca gorsel bir kaynak olarak degil,
anlaml1 bir bilgi sistemi olarak isleyebilmesi; disiplinler arasi isbirligini, elestirel veri seti kiiratorliigiini ve
zenginlestirilmis anlamsal metaveri iiretimini zorunlu kilmaktadir.

Anahtar Kelimeler: Dijital Kiltirel Miras, Yapay Zeka Egitim Verisi, Epistemoloji, Etik, Baglamsizlagtirma,
Dijitallestirme, Kiilttirel Temsil, Veri Seti Onyargisi, Gorsel Kiiltiir

1. Giris

Kiiresel kiiltlirel mirasin dijitallestirilmesi yirmi birinci ylizyilda miizeler, kiitiiphaneler ve
aragtirma merkezlerinin Oncelikli giindemlerinden biri haline gelmistir. Kurumlar fiziksel
nesneleri yiiksek ¢oziintirliiklii sistemlerle sayisallastirarak uzun stireli koruma ve genis erisim
hedefleri dogrultusunda ilerlerken bu siire¢ teknik bir doniisiim olmanin Gtesine gegerek
kiiltiirel nesnenin ontolojik statiisiinde sessiz bir degisimi beraberinde getirmektedir.
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Baslangicta insan arastirmacilarin kullanimina sunulan dijital arsivler giinlimiizde makine
ogrenmesi modellerinin beslendigi temel veri kaynaklarina doniismiis; bu durum sanat eserini
maddi baglami i¢inde kazandig: iligkisel varliktan kopararak bir veri noktasina indirgemektedir.
Oysa bir minyatiir heykel ya da dokuma, yalnizca gorsel yiizeyden ibaret degildir; belirli bir
tarihsel baglam icinde {iretilmis dokunsal deneyim mekansal yerlesim, ritiiel islev ve
malzemenin kokenine yliklenen anlamlarla birlikte var olan sembolik bir biitiindiir. Yiiksek
¢ozliniirliiklii taramalar gorsel ylizeyi ayrintili bicimde kaydedebilirken, bu anlamsal katmanlar1
veri yapisina dahil edememekte; boylece dijitallestirme pratigi nesneyi kendi tarihselliginden
arindiran bir bilgi rejimi olarak islemektedir. Bu indirgemeci doniisiim, yapay zeka temelli
iiretimlerde daha goriinlir hale gelmektedir. Modeller, Osmanli minyatiirii gibi geleneksel
formlar1 istatistiksel Oriintiiler iizerinden Ogrenirken, perspektifin bilingli kullanilmamasi,
figtirlerin hiyerarsik 6lgeklenmesi ya da renk sembolizmi gibi bigimsel tercihleri gorsel diizeyde
basariyla yeniden iiretebilmektedir. Ancak Panofsky'nin (1955) ikonografik ¢oziimleme
yontemiyle diisiindiigiimiizde bu modeller 6n-ikonografik diizeyde (bi¢cimsel tanimlama) takilip
kalmakta, ikonografik (konu ve kavramlar) ve ikonolojik (kiiltiirel anlam) diizeylere
erisememektedir. Ortaya ¢ikan ¢iktilar bigimsel a¢idan tutarli bir goriiniim sergilese de kiiltiirel
semantik derinligi aktarma kapasiteleri sinirli kalmakta; bu da iiretilen eserleri anlamsal
biitiinliiglinden koparilmis birer estetik taklide doniistiirmektedir.

Iste tam da bu noktada arastirmam geleneksel sanat mirasmin dijital veri seti olarak
yapilandirilmasiyla iiretilen bilginin niteligini ve bu bilgi tiretiminin beraberinde getirdigi etik
sonuglar1 sorgulamay1 amaglamaktadir. Dijitallestirme pratiklerinde ickin olan ortiik tercihlerin
analizi ¢aligmanin ilk odagini olusturmaktadir: Hangi eserlerin hangi teknik parametrelerle
secildigi, bu se¢imlerin ideolojik arka plani ve temsil politikalar1 ¢gogu zaman sorgulanmadan
kabul edilen normatif bir ¢er¢eve sunmaktadir. Ikinci olarak veri noktasina indirgenen kiiltiirel
nesnede hangi anlamsal katmanlarin siliklestigi baska bir deyisle kaybolan bilginin mahiyeti
irdelenecektir; dini sembolizm, mitolojik anlati, toplumsal hiyerarsi i¢indeki konum ya da
malzemenin kutsallig1 gibi unsurlarin veri seti metaverisinde nasil goriinmez hale geldigi ele
alinacaktir. Ugiincii asamada baglamsal veriden yoksun salt stil temelli veri setleriyle egitilen
modellerin tiretim riskleri degerlendirilecek; bu modellerin gelenegi nasil temsil ettigi hangi
epistemolojik siddet bigimlerini iirettigi ve kiiltiirel diizlestirmeye nasil katkida bulundugu
tartigilacaktir. Son olarak, tiim bu sorunlar 15181nda baglama duyarli ¢oksesli ve adil bir veri
ekosisteminin olusturulmasina yonelik ilkesel Oneriler gelistirilecek; yapay zekanin gelenegi
yalnizca gorsel bir kaynak olarak degil, anlamli bir bilgi sistemi olarak isleyebilmesinin
kosullar1 sorgulanacaktir. Bu ¢ercevede disiplinler arasi is birliginin elestirel veri seti
kiiratorligliniin ve zenginlestirilmis anlamsal metaveri tiretiminin dijital miras yonetiminde
teknik kapasite artis1 kadar hayati oldugu vurgulanacaktir.

2. Literatiir Taramasi

Kiiltiirel mirasin dijitallestirilmesi literatiirde cogunlukla teknik bir koruma ve erisim faaliyeti
olarak ele alinir. Bu yaklagim fiziksel nesnelerin sayisal ortama aktarilmasiyla bilginin giivence
altina alindig1 varsayimina dayanir ancak elestirel ¢alismalar dijitallestirme siirecinin tarafsiz
bir aktarim olmadigini ve deger yiiklii secimler icerdigini ortaya koymaktadir. Hangi eserlerin
onceliklendirildigi hangi kurumlarin goriiniirliik kazandig1 ve hangi kiiltiirel tiretimlerin temsil
edildigi sorular1 dijital esitsizlik ve temsil politikalart baglaminda merkezi bir 6nem
tagimaktadir. Fiona Cameron'n (2007) isaret ettigi gibi tarama teknikleri nesneyi iiretildigi
baglamdan ayirmakta dlgegi standartlagtirmakta ve {i¢ boyutlu bir varlig1 iki boyutlu bir yiizeye
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indirgemektedir. Bu teknik c¢erceveleme nesnenin iligkisel baglamini daraltirken kiiltiirel
anlamin aktarimini da sinirlamaktadir. Sanat tarihi literatiiriinde gelistirilen ikonolojik yaklagim
gorsel eserlerin anlam katmanlarini asamali bicimde ¢oziimlemeyi amaglar. Onsel diizeyde
taninabilir figilirler ve bigimsel unsurlar belirlenirken ikonografik diizeyde geleneksel anlatilar
ve sembolik repertuar yorumlanir. Ikonolojik diizey ise eserin iiretildigi donemin diinya
goriigiinii deger sistemini ve diisiinsel gercevesini agiga ¢ikarmayi hedefler. Dijitallestirme
pratikleri ¢ogunlukla 6nsel ve ikonografik diizeylerle sinirlt kalmakta derin baglamsal yorumlar
veri yapisina entegre edilmemektedir. Bu sinirlilik gorsel motiflerin tarihsel anlam tasiyicist
olmaktan uzaklasmasina ve soyut estetik unsurlar olarak dolasima girmesine yol agmaktadir.
Yapay zekad temelli sistemlere iligkin aragtirmalar veri setlerinin toplumsal ve kiiltiirel
onyargilari yeniden iretebildigini gostermektedir. Kiiltiirel miras alaninda bu sorun agik
ayrimciliktan ziyade anlamin ylizeysellestirilmesi bi¢iminde ortaya c¢ikmaktadir. Bir model
ikonografik bir motifi taniyabilmekte ancak bu motifin teolojik tartigmalardaki konumunu ya
da ibadet pratigindeki islevini temsil edememektedir. Bu durumda kiiltiirel bilgi tarihsel ve
diistinsel baglamindan koparilarak istatistiksel Oriintiilere indirgenmektedir ve gorsel tanima
basarisi kiiltiirel anlamin temsil edildigi anlamina gelmemektedir.

Postkolonyal kuram temsil siireclerinin gii¢ iliskileriyle i¢ ige gectigini vurgularken Edward
Said'in (1978) oryantalizm kavrami Bati'nin Dogu'yu temsil ederken onu egzotik duragan ve
Bati dis1 bir 6teki olarak nasil konumlandirdigini agiklamaktadir. Dijital arsivlerde yer alan bir
Dogu minyatiiriiniin estetik bir desen olarak etiketlenmesi anlatisal ve politik baglamin geri
plana itilmesine neden olmakta ve ¢agdas bir dijital oryantalizm bi¢iminin ortaya ¢ikmasina
zemin hazirlamaktadir. Yapay zeka ile olgeklenen gorsel iiretim pratikleri kiiltlirel temsili
hizlandirmakta ve belirli kaliplar i¢inde sabitlemekte bdylece bu tarihsel temsil bigimlerini
teknik bir tarafsizlik kisvesi altinda yeniden iiretebilmektedir. Bu ¢aligsma s6z konusu literatiirii
bir araya getirerek dijitallestirme ile yapay zeka arasindaki zinciri yalnizca teknik bir siireg
olarak degil ayni zamanda bilgi {retiminin politik bir alant olarak analiz etmeyi
amaglamaktadir. Bu dogrultuda Elestirel Dijitallestirme Zinciri adi verilen se¢im ve
cergeveleme veriye doniistiirme ve etiketleme ile model egitimi ve yeniden {iretim
asamalarindan olusan ii¢ basamakli bir analitik model 6nerilmektedir.

2.2. Metodoloji: Elestirel Dijitallestirme Zinciri Analizi

Arastirma nitel ve kavramsal bir desen benimsemekte olup ampirik veri iiretmek yerine mevcut
uygulamalar ve kuramsal yaklasimlart bir araya getirerek bunlar1 olgusal gerceklige yiiksek
diizeyde karsilik veren kurgusal bir vaka iizerinden ¢ézlimlemektedir. Analitik omurga kiiltiirel
nesnenin fiziksel varliktan yapay zeka ciktisina uzanan doniisiim hattinda ortaya cikan
epistemolojik kaymalar1 goriiniir kilmay1 amaglayan Elestirel Dijitallestirme Zinciri modeline
dayanmaktadir. Model her asamada yapilan se¢imleri teknik tercihlerle sinirli gormemekte ve
bu tercihlerin bilgi liretimine etkisini sistematik bicimde inceleyerek doniisiim siirecini aragsal
bir aktarim olmaktan ¢ikarip anlamin yeniden yapilandirildigt bir alan olarak ele almaktadir.
[k asama fiziksel eserin dijital goriintiiye doniistiiriilmesini kapsamakta ve se¢im politikalart
hangi koleksiyonlarin hangi 6l¢iitlerle sayisallastirildigini belirlemektedir. OttomanMiniatures-
10k adl1 kurgusal veri setinin yalnizca biiyiik miizelerde korunan figiiratif sahneler igeren ve iyi
durumdaki eserleri kapsadigi varsayildiginda hasarli 6rnekler metin agirlikli sayfalar ve
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periferik iiretim merkezleri disarida kalmakta bu da veri evreninin daralmasina ve gelenegin
cesitliliginin sinirh bir temsile indirgenmesine yol agmaktadir. Teknik ¢erceveleme tarama
siirecinde uygulanan ¢oziintirliik renk kalibrasyonu 1siklandirma ve kadraj kararlarini igerirken
iic boyutlu bir nesnenin iki boyutlu goriintiiyle temsil edilmesi hacimsel algiy1 ve ylizey
dokusunu diizlestirmekte arka planin temizlenmesi ve eserin nétr bir zemine yerlestirilmesi cilt
mimari nis ve mekansal konum gibi iliskisel unsurlari disarida birakmaktadir. Ilk
metaverilendirme asamasinda baglik sanatci, tarih ve mevcut konum gibi temel bilgiler veri
tabanina islenirken sanat¢i bilgisinin bulunmadigi durumlarda kullanilan anonim etiketi atolye
iiretiminin kolektif dogasini ve bilingli isimsizlik gelenegini yansitmakta yetersiz kalmakta
bdylece temsil daralmasi erken asamada baslamaktadir. Ikinci asama dijital goriintiiniin makine
Ogrenmesi baglaminda islenebilir bir veri noktasina doniistiiriilmesini igermekte olup
kategorizasyon ve smiflandirma siiregleri goriintiilerin  belirli bir taksonomi altinda
diizenlenmesini gerektirmektedir. Batit merkezli donemlendirme semalarinin evrensel 6l¢iit gibi
uygulanmasi farkli geleneklerin tarihsel mantigini gélgede birakabilmekte dini sanat gibi genis
bir iist kategorinin farkli inang sistemlerine ait gorselleri ayni1 sinifa yerlestirmesi 6zgiil teolojik
referanslarin siliklesmesine neden olmaktadir. Anahtar kelimeler ve agiklamalar gorselin hangi
dilsel ¢ergeve icinde tanimlandigini gosterirken etiketleme siireci belirli bir kiiltiirel perspektifi
yansitmakta kutsal bir semboliin yalnizca geometrik bir desen olarak tanimlanmasi semboliin
kozmolojik anlamini veri yapisinin disina itmektedir. Veri seti dokiimantasyonu ve seffaflik
secim ve siiflandirma kosullarinin agikga belirtilmesini gerektirirken Gebru ve arkadaslarinin
(2018) vurguladigt Model Kartlar1 ve Veri Seti Bilgi Formlart veri setinin siirlarini ve
potansiyel Onyargilarini tanimlamay1 amaglamakta ancak kiiltiirel miras veri setlerinin 6nemli
bir boliimii bu diizeyde ayrintili agiklama sunmamakta bu eksiklik epistemik sorumlulugun
belirsizlesmesine yol agmaktadir (Ozdemir, 2022).

Ucgiincii asama veri noktalarmin istatistiksel modellere aktarilmasi ve iiretici ¢iktinin olusmasi
stirecini  kapsamakta olup Ogrenilen temsiller modelin piksel Oriintiileri arasindaki
korelasyonlar1 yakalamasiyla olugmaktadir. Bir figiir ile belirli giysi unsurlar1 arasindaki gorsel
iliski istatistiksel diizeyde 6grenilebilmekte ancak bu unsurlarin tarihsel ve sembolik anlami
modele dahil edilmemekte boylece anlam gorsel dogrulukla sinirli kalmaktadir. Belirli bir
tarihsel iislupta sahne tiretimi istendiginde ikonografik olarak tutarli kompozisyonlar ortaya
cikabilmekte buna karsin semboller arasindaki anlam iliskisi gozetilmediginde figiirlerin yas
Olgegi mekansal konumu ve simgesel diizeni tarihsel baglamla uyumsuz bigimde
kurgulanabilmekte bu durum gorsel dogruluk ile kiiltiirel anlam arasindaki ayrimi
belirginlestirmektedir. Temsil dengesizlikleri veri dagilimindaki asimetriyle dogrudan iliskili
olup erkek yonetici figiirlerinin yogunlugu kadinlarin ve siradan bireylerin sinirl temsiline yol
actiginda model bu Oriintiiyli genellestirmekte tarihsel secilim yapay zeka c¢iktisinda normatif
bir gerceklik gibi goriinmektedir. Boylece gecmisteki temsil asimetrileri algoritmik bigimde
pekistirilmekte ve kiiltiirel mirasin dijitallestirilmesi siireci tarafsiz bir teknik aktarim olmaktan
cikarak anlamin yeniden iiretildigi ve belirli epistemolojik tercihlerin somutlastig1 politik bir
alan haline gelmektedir.

2.3. Vaka Incelemesi: OttomanMiniatures-10k ve MinyatiirGAN

Bu metodolojik ¢erceve kurgusal bir vaka iizerinden somutlastiriimaktadir.
OttomanMiniatures-10k veri seti Batili miizeler ile Tiirkiye’deki arsivlerden taranmis on bin
figiiratif minyatiir goriintiisiinden olusmaktadir. Metaveri yapisi, baslik tahmini tarih,
bulundugu yer ve stil gibi temel alanlar1 igermektedir. Buna karsilik yazma eserin adi anlatinin
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ozgiil igerigi, sembollerin ikonografik ¢éziimlemesi ve kiiltiirel deger veri yapisina dahil
edilmemektedir. Bu veri seti lizerinde egitilen MinyatiirGAN modeli gorsel olarak gelenege
yakin yeni sahneler liretmektedir. Kompozisyon, renk paleti ve figiir tipolojisi agisindan
tutarlilik saglanmaktadir. Ancak analiz, her asamada gergeklesen indirgeme siirecinin ¢iktiya
yansidigini gostermektedir. Fiziksel nesneden baslayan baglam kaybi, veri noktasinda
yogunlagmakta ve model ¢iktisinda estetik tutarlilik ile anlamsal kopus arasindaki gerilim
olarak ortaya ¢ikmaktadir.

Sonu¢ olarak bu vaka Elestirel Dijitallestirme Zinciri modelinin kiiltiirel mirasin sayisal
dolagimin1 epistemolojik bir perspektifle degerlendirmek icin islevsel bir ara¢ sundugunu
gostermektedir. Model, dijitallestirme ve yapay zekd uygulamalarinin kiltiirel bilgi
iiretimindeki doniistiiriicti etkilerini goriiniir kilmakta ve bu siirecin politik boyutunu tartismaya
acmaktadir.

3. Bulgular ve Analiz: indirgemenin Anatomisi

OttomanMiniatures-10k i¢in kurgulanan se¢im Oolgiitleri dijitallestirme siirecinin daha ilk
asamasinda belirgin bir epistemolojik daralma tiretmektedir. Estetik agidan 6ne ¢ikan ve fiziksel
olarak iyi korunmus minyatiirlerin 6nceliklendirilmesi sanat tarihini se¢kin 6rnekler tizerinden
kuran bir anlatiyr gii¢lendirirken hasarli silik ya da kismen tahrip olmus eserlerin disarida
birakilmasi nesnenin maddesel seriivenini goriinmez kilmaktadir. Oysa yipranma izleri
kullanim bi¢imlerine dolasim aglarina ve tarihsel kirilma anlarina iliskin 6nemli ipuglari tasir.
Bu izlerin veri evreni disinda kalmasi kiiltiirel nesnenin yalnizca idealize edilmis bir anina
odaklanan sinirl bir tarih okumasini dayatir. Dijital kirpma uygulamalar1 minyatiirii ait oldugu
metinden ve sayfa diizeninden ayirdiginda kitap sanatinin temel bileseni olan metin-gorsel
birlikteligi ¢oziilmektedir. Bir av sahnesi iceren minyatiir Sehname gibi biitiinliiklii bir metnin
parcasiyken hiikiimdarlik metaforu iireten anlatisal g¢ergevesini korur ancak baglamindan
koparildiginda atli figiirler ve hayvan betimlemeleri etrafinda oOrgiitlenen bicimsel bir
kompozisyona indirgenir. Bu asamada ger¢eklesen indirgeme kiiltiirel nesnenin maddi
biitiinliigiinii parcalayarak dijital goriintiiyli tarihsel koklerinden biiyiik 6l¢iide ayrilmis bir
temsil bi¢cimine doniistiirmektedir. Veri setinde kullanilan smirli metaveri semast anlam
katmanlarimin sistematik bicimde diizlestirilmesine yol agar. Yalnizca on altinci ylizyil
etiketiyle yapilan siniflandirmalar ayn1 yiizyil i¢indeki siyasal dontigiimleri estetik kirilmalari
ve saray atolyeleri arasindaki rekabet iligkilerini goriinmez kilmaktadir. Yavuz Selim donemi
ile III. Murad donemi arasindaki iislup farkliliklari tek bir zaman dilimi altinda toplanmakta
mikro tarihsel ayrimlar veri yapisinda temsil edilememektedir.

Osmanli etiketi benzer bir diizlestirme etkisi lireterek imparatorluk cografyasi boyunca faaliyet
gosteren bolgesel iiretim merkezlerini tek bir stil kategorisi altinda toplamakta Bagdat Kahire
ve Balkan atolyeleri arasindaki tislup farklari karsilik bulmadiginda yekpare bir Osmanli stili
varsayimi giiglenmektedir. Ikonografik sessizlik ise anlatisal igerigin veri setinden geri
cekilmesiyle ortaya ¢ikmakta Hz. Siileyman'in tahti ya da Hiisrev ile Sirin bulusmasi gibi 6zgiil
konu bagliklarinin yerini dini sahne ya da edebi sahne gibi genel etiketler aldiginda sembolik
ayrintilar veri diizeyinde kaybolmaktadir.
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MinyatiirGAN modelinin irettigi ¢iktilar Onceki asamalarda gerceklesen indirgemelerin
yogunlastig1 bir diizeyi temsil etmektedir. Model insan figiirlerinde goriilen biiyiik bas
oranlarin1 ylizlerin ii¢ ceyrek profilden betimlenme egilimini ve diiz renk alanlarin
kullanimimi yiiksek dogrulukla taklit edebilmekte iirettigi goriintiiler stilistik agidan inandirici
bir goriinlim sunmaktadir. Buna karsin kompozisyonlar ¢cogu zaman anlatisal biitiinliikkten
yoksun kalmakta figiirler arasinda belirgin bir hikaye iligkisi kurulmadigi i¢in semboller tarihsel
anlamlar1 gozetilmeden kompozisyon igine yerlestirilmektedir. Gorsel zarafet korunmakta
ancak semantik orgii zayiflamaktadir. Veri setinde iktidar temsilleri baskin bir agirliga sahip
oldugu i¢in model bu oriintiiyli genellestirmekte padisah vezir ve savas sahneleri {iretim
repertuarinin merkezinde yer alirken giindelik yasam sahneleri halk anlatilar1 ve ibadet
pratikleri sinirlt bigcimde temsil edilmektedir. Bu dagilim tarihsel gii¢ iliskilerinin istatistiksel
tekrar yoluyla olagan bir norm gibi goriinmesine neden olmakta gecmisteki temsil asimetrileri
yapay zekad ciktilarinda pekistirilmis bir gerceklik olarak yeniden dolasima girmektedir.
Kiiltiirel etkilesimlerin temsili de benzer bir indirgeme siirecine maruz kalmaktadir. Osmanl
minyatiir sanat1 Fars Bizans ve Avrupa gorsel gelenekleriyle ¢ok katmanli bir etkilesim i¢inde
geligmistir ancak model bu iligkisel ag1 ortalama bir stil vektdriine indirgediginde ortaya ya
melez fakat belirsiz bir kompozisyon ¢ikmakta ya da baskin oriintiilerin abartilmasiyla
kliselesmis bir gorsel dil olugmaktadir. Bu durum tarihsel etkilesimin dinamik yapisini
yansitmaktan uzak bir temsil iiretmekte ve kiiltiirel mirasin dijitallestirilmesi siirecinde her
asamada biriken anlam kayiplarinin iiretici model ¢iktisinda nasil yogunlastigini agikca
gostermektedir.

4. Tartisma: Etik ve Epistemolojik Sonuclar

Bu Kiiltiire] mirasin dijitallestirilmesi ve yapay zeka modelleri i¢in veri seti olarak
yapilandirilmasi stireci bilginin dogasint koklii bicimde doniistiirmektedir. Geleneksel sanat
tarihi ve antropolojik yaklasim nesneyi baglami i¢cinde yorumlayan hermenétik bir cerceveye
dayanirken dijital veri temelli yaklasim nesneyi Olgiilebilir 6zellikler biitiinii olarak ele
almaktadir. Clifford Geertz'in 1973'te gelistirdigi yogun betimleme kavrami kiiltiirel anlamin
katmanli bicimde ¢oziimlenmesini savunur ancak veri temelli yaklasim yiizeysel Oriintii
tanimaya odaklandiginda yogun betimleme yerini ince veri mantifina birakmakta yorum
derinligi ile istatistiksel temsil arasindaki gerilim belirginlesmektedir. Kiiltiirel bilginin
baglamsal niteligi zayifladik¢a anlam iiretimi sayisal temsile bagimli hale gelmekte bu da
epistemolojik diizeyde daraltic1 bir etki iiretmektedir. Anlam katmanlarinin veri setlerinden
dislanmasi kiiltiirel topluluklarin kendi mirasim1 kendi kavramlariyla ifade etme olanaklarini
sinirlamakta Linda Tuhiwai Smith'in 1999'da gelistirdigi dekolonize metodolojiler yaklagimi
temsil siireglerinin gii¢ iliskileriyle dogrudan baglantili oldugunu ortaya koymaktadir. Kiiltiirel
nesneler Bat1 merkezli kiiratoryel kategoriler altinda tanimlandiginda yerel epistemolojiler arka
planda kalmakta yapay zeka sistemleri bu temsil sorununu genis Olcege tasiyarak kiiltiirel
temellligli yapisal bir diizeye ¢ikarmaktadir. Geleneksel motifler binlerce varyasyon halinde
iiretilip baglamdan kopuk bi¢imde dolasima girmekte kutsal ya da tarihsel agidan hassas
imgeler ticari veya dekoratif amaclarla yeniden diizenlenmektedir. Algoritmik diizeyde isleyen
bu temelliik bigimi karsisinda sorumluluk sorunu ¢ok katmanli bir yap1 sergilemekte zararli ya
da uygunsuz bir temsil olustugunda model gelistiricileri veri seti kiiratorleri ve kullanicilar
arasinda dagilan bir sorumluluk alam1 ortaya ¢ikmakta bu durum hesap verebilirligi
zayiflatmaktadir.
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Elde edilen bulgular dijitallestirmenin terk edilmesini degil daha kapsayici ve elestirel
uygulamalarin gerekliligini isaret etmektedir. Baglamsal biitiinliigiin korunmas: amaciyla
tarama siireclerine eserin fiziksel ¢cevresini gdsteren genis agili goriintiiler eklenebilir ti¢ boyutlu
tarama teknikleri nesnenin mekansal Ozelliklerinin korunmasina katki saglar. Metaveri
semalarinin genisletilmesi ikonografik agiklamalar yerel dilde terimler anlati1 baglami malzeme
bilgisi ve sembolik anlam gibi alanlar1 kapsamalidir. Bu siire¢ kiiltiirel topluluklarin ve alan
uzmanlarinin dogrudan katilimini gerektirir. Her veri seti Hutchinson ve ¢alisma arkadaglarinin
2021'de onerdigi cerceveye benzer bicimde se¢im Ol¢iitleri finansman kaynaklar1 kiiratoryel
kararlar ve bilinen dnyargilar1 agik¢a belirten ayrintili bir kiiltiirel dokiimantasyon bildirgesi ile
desteklenmelidir. Yapay zeka arastirmalar1 yalmizca gorsel ozelliklere odaklanmak yerine
anlamsal iligkileri 6grenebilen ¢oklu kipli modellere yonelmelidir.

Gorsel verinin agiklayici metinlerle ve mitolojik anlatilarla eslestirilmesi anlam katmanlarinin
korunmasina katki sunar. Buna ek olarak kullanim kilavuzlar1 ve etik lisanslar veri setlerinin
kiiltiirel hassasiyetleri gdzeten bigimde dolasima girmesini destekler. Belirli ticari kullanimlarin
sinirlandirilmasi ve saygi ilkesinin agik bigimde tanimlanmasi etik ¢ergevenin giiclenmesine
katki saglar. Boylece dijital miras yonetiminde teknik kapasite artist tek basina yeterli
goriilmemeli baglamsal biitlinliigii gozeten g¢oksesli ve seffaf bir epistemolojik yaklagim
zorunluluk haline gelmektedir.

5. Sonug

Bu arastirma, geleneksel sanat mirasinin dijital arsivler ve yapay zeka veri setleri bigiminde
yapilandirilmasinin derin epistemolojik ve etik etkiler iirettigini ortaya koymaktadir. Fiziksel
nesneden dijital goriintiiye, oradan veri noktasina ve model ¢iktisina uzanan siireg, baglamin
coziilmesi ve anlamin seyrelmesiyle karakterize edilmektedir. Her bir doniisiim asamasinda
nesnenin iretildigi kiiltiirel ortam, kullanim pratikleri ve sembolik islevleri ya tamamen
kaybolmakta ya da indirgenmis bir bicimde temsil edilmektedir. Dijital temsil sirasinda yapilan
secimler—hangi eserlerin dijitallestirilecegi, hangi metadata alanlarmin doldurulacag,
goriintlilerin hangi ¢oziintirliikk ve acilarla kaydedilecegi—kacinilmaz olarak belirli bir bakis
acisini yansitir. Bu se¢imler kiiratéryel miidahaleler olarak kiiltiirel mirasin yeniden ingasinda
belirleyici rol oynar. Ustelik yapay zekd modellerinin egitiminde kullanilan veri setleri, cogu
zaman bu tiir baglamsal bilgilerden yoksun oldugu i¢in modeller yalnizca bi¢imsel benzerlikleri
ogrenir, anlamsal katmanlar1 1skalar. Ortaya ¢ikan estetik tutarlilik, kiiltiirel derinligin tam
olarak temsilini garanti etmemekte, hatta ¢ogu zaman yliizeysel bir benzerlik tireterek 6zgiin
anlamin iizerini Ortebilmektedir. Bununla birlikte dijital teknolojiler, kiiltiirel miras1 daha
erigilebilir ve kapsayici bicimde dolasima sokma potansiyeline sahiptir. Fiziksel olarak uzak
cografyalardaki eserler, dijital platformlar sayesinde genis kitlelere ulasabilmekte; daha dnce
goriinlir olmayan yerel veya azinlik kiiltiirleri goriiniirlik kazanabilmektedir. Ancak bu
potansiyelin gerceklesmesi, dijital ugurumun kapatilmasi, telif haklar1 ve kiiltiirel sahiplenme
gibi hassas konularin dikkatle ele alinmasini gerektirir. Dijital temsil, ayn1 zamanda kiiltiirel
topluluklarin  kendi miraslarin1 belgeleme, yorumlama ve paylasma bigimlerini de
doniistiirmektedir. Bu dontisiim, topluluklarin siirece aktif katilimiyla demokratiklesme imkant1
sunarken, aksi durumda yeni bir somiirii mekanizmasina doniisme riski tasir. Kiiltiirel miras
uzmanlari, yapay zeka arastirmacilari, veri etikgileri ve kiiltlirel topluluklar, ortak bir
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sorumluluk alaninda bulustuklarinda baglami koruyan ve anlami goézeten sistemler
tasarlanabilir. Bu is birligi, disiplinlerarast metodolojilerin gelistirilmesini, katilimer tasarim
stireclerini ve etik ilkelerin bastan itibaren sistem mimarisine entegre edilmesini zorunlu kilar.

Nihai hedef, dijital ortamin kiiltiirel ¢esitliligin yiizeysel bir vitrini haline gelmesi yerine ¢ok
katmanli bir diyalogun alani olarak islemesidir. Bunun i¢in dijital arsivler ve yapay zeka
modelleri yalnizca bigimsel 6zellikleri degil, eserlerin iiretim ve kullanim baglamlarini, tarihsel
katmanlarini, ¢oklu anlamlarin1 da igerecek sekilde yapilandirilmalidir. Boyle bir yaklagim,
kullanicilarin eserlerle etkilesiminde elestirel diisiinmeyi tesvik eder, farkli yorumlara agik
alanlar yaratir ve kiiltiirel mirasin dinamik, yasayan bir silire¢ oldugunu vurgular. Gelenek, veri
setine doniislirken tasidigt sembolik ve tarihsel yiikii koruyacak yontemlere ihtiyag
duymaktadir. Bu yontemler, dijitallestirme siirecinin her asamasinda baglami goriiniir kilmay1,
yerel bilgiyi ve topluluk perspektiflerini dahil etmeyi, etik ilkeleri igsellestirmeyi
hedeflemelidir.

Oneriler

Arastirmanin bulgular1 1s181nda, geleneksel sanat mirasinin dijitallestirilmesi ve yapay zeka
uygulamalarinda kullanilmasina yonelik asagidaki oneriler gelistirilmistir:

e Baglamsal Metadata Standartlarinin Gelistirilmesi: Dijital arsivlerde yalnizca teknik ve
tanimlayict bilgiler degil, eserin iiretim baglami, tarihsel siire¢ igindeki anlam doniisiimleri,
ritiel veya giindelik kullanim pratikleri, yerel terminoloji ve sembolik anlamlar gibi baglamsal
veriler de kaydedilmelidir. Bu amagla kiiltiirel miras kurumlari, dilbilimciler ve antropologlarin
katilimiyla disiplinlerarast metadata semalar1 olusturulmalidir.

o Katimei ve Kapsayic Dijitallestirme Siiregleri: Dijitallestirilecek eserlerin se¢iminden,
metadata icerigine, dijital sunum bi¢imlerinden erisim politikalarina kadar tiim asamalarda
kiiltiirel topluluklarin aktif katilimi saglanmalidir. Topluluk iiyelerinin kendi miraslarini
yorumlama ve temsil etme haklar1 taninmali, bu siirecler icin kapasite gelistirme programlari
diizenlenmelidir.

e Etik Ilkeler ve Kilavuzlarin Olusturulmasi: Yapay zeka veri setlerinin olusturulmasi ve
modellerin egitilmesi stireclerinde kiiltiirel mirasin korunmasina yonelik etik ilkeler
belirlenmelidir. Bu ilkeler; veri setlerinde temsil adaleti, kiiltiirel duyarlilik, telif haklari,
mahremiyet ve topluluklarin manevi miilkiyet haklarini kapsamalidir. UNESCO ve benzeri
uluslararas1 kuruluglarin ilgili ¢erceveleriyle uyumlu, ancak yerel baglamlar1 dikkate alan
kilavuzlar hazirlanmalidir.

e Egitim ve Farkindahk Programlar:: Kiiltirel miras profesyonelleri, yapay zeka
aragtirmacilari ve veri bilimciler i¢in dijitallestirme ve yapay zeka etigi konularinda ortak egitim
programlar1 diizenlenmelidir. Bu programlar, disiplinlerarasi anlayist gelistirmeyi, farkli
perspektiflerin bir arada c¢aligma becerisini artirmayr hedeflemelidir. Ayrica kiiltiirel
topluluklarin  dijital okuryazarlik ve katilim kapasitelerini giiclendirecek egitimler
desteklenmelidir.

e Acik ve Sorumlu Veri Politikalari: Dijital arsivlerin ve veri setlerinin erisime ag¢ilmasinda,
kiiltiirel mirasin ticarilestirilmesi ve suiistimal edilmesi risklerine kars1 koruyucu mekanizmalar
gelistirilmelidir. Agik erigim ile kiiltiirel haklarin korunmasi arasinda denge kuran lisans
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modelleri (6rnegin Creative Commons tabanli ancak geleneksel bilgiye 6zel ek kosullar iceren
lisanslar) tesvik edilmelidir.

e Yapay Zeka Modellerinde Baglam Duyarhili@inin Artirilmasi: Yapay zekda modellerinin
egitiminde salt gorsel veya isitsel verilerin yani sira baglamsal metadata ve anlamsal katmanlar1
da igleyebilecek mimariler gelistirilmelidir. Bu, modellerin yalnizca bigimsel oriintiileri degil,
kiiltiirel anlamlar1 da O6grenebilmesine olanak tanir. Ayrica modellerin ¢iktilarinin
yorumlanmasinda kullaniciya baglamsal bilgi sunan araytizler tasarlanmalidir.

e Siirekli Degerlendirme ve Giincelleme Mekanizmalari: Dijital arsivler ve yapay zeka
uygulamalari, kiiltiirel topluluklarin geri bildirimlerine agik, diizenli olarak degerlendirilen ve
giincellenen sistemler olarak tasarlanmalidir. Bu sayede hem teknolojik gelismelere hem de
toplumsal ihtiyaglara uyum saglanabilir, yanlis temsiller ve zararl etkiler hizla diizeltilebilir.

Bu onerilerin hayata gegirilmesi, geleneksel sanat mirasinin dijital ortamda korunmasini ve
yasatilmasin1 saglarken, ayn1 zamanda yapay zeka teknolojilerinin kiiltiirel c¢esitliligi
zenginlestirecek bicimde gelismesine katkida bulunacaktir. Nihai olarak amag, dijitallesme
stirecini kiiltiirel mirasin tek tiplesmesine yol acan bir ara¢ olmaktan ¢ikarip, onu ¢oksesli ve
cokkatmanli bir diyalogun parcgasi haline getirmektir.
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Deger Fonksiyonunun Evrimsel Sanat Uretimindeki Rolii

1. Introduction

For decades now, art making was seen as a sacred place of intuition, technical skill and
individual expression. The rise of computational power and modeling methods opened new
avenues for this process to be modeled, mimicked and augmented, emerging into prominence
an interdisciplinary research area called computational creativity (Boden, 2004). A notable
approach in this field is the Evolutionary Algorithms, which are based on biological evolution.

Evolutionary Algorithms (EAs) evaluate a population of candidate solutions according to the
defined fitness function and generate successive generations using selection, crossover and
mutation operators (Eiben & Smith, 2015). A metaheuristic optimization method which gives
good results especially in high-dimensional and non-linear search spaces. When it comes to the
more visual side of generation, EAs come into play when scheduling color palettes, ordering
compositional parameters and generating abstract forms and deriving to visual textures. A study
from 1991 by Karl Sims is considered a landmark work in demonstrating that complex visual
structures could be evolved using genetic programming methods. The use of formalized
production can even potentially transition a works-oriented artist's trial-based production
practice into an explorative and optimizational algorithmic process.

The Aesthetic Value Function (AVF) problem emerges as the principal challenge within this
theoretical construct. In the engineering optimizations, the fitness function is well-defined
based on physical constraints and measured performance indices. Nonetheless, the aesthetic
value of a visual composition is determined by subjective judgment, cultural context and multi-
layer perceptual criteria. For an algorithm to generate aesthetically strong outputs, it has to take
the notion of beauty and turn it into a model that can act in a computable way. As the definition
of the model has scope and limits, so does the controlled direction of the search space. Thus,
AVF design is not just about defining technical specifications but rather a theoretical decision
that determines the structure of the space search itself.

Against this background, the present study examines the following:

Section Content

Research What are the current approaches to quantifying aesthetic value, and how do these
Question 1  approaches affect the evolutionary search process when used as an Aesthetic
Evaluation Function (AEF)?

Research How is the concept of guided exploration defined in the context of artistic optimization,
Question 2 and how is this concept related to evolutionary methods?

Research When different AEF strategies are compared, on which criteria do the diversity,
Question 3 originality, and perceived aesthetic value of the generated artworks differ?

Research Within which theoretical and methodological framework can human intuition and
Question 4 algorithmic search processes be integrated?

Structure of The study first reviews the relevant literature, then presents a conceptual framework

the Article  classifying AEF approaches, and evaluates simulation-based experimental findings. In
the final stage, theoretical and ethical implications regarding the future of evolutionary
methods in the field of computational creativity are discussed.

Table 1: Aesthetic Evaluation Function (AEF) Research Questions
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2.2. Measuring and Calculating Aesthetic Value

Mustafa Glinay

Attempts to automatically measure aesthetic value are a continuation of long-standing
philosophical debates on the reducibility of aesthetics to objective criteria (Kant, 1790).
Computational approaches in the literature can be grouped into four main categories, each
aiming to model a different dimension of aesthetic experience.

Approach Core Criteria / Strengths Limitations / Relevant
Category Foundation/ Methods Criticisms References
Pioneer Used
Statistical and Birkhoff's Fractal Computationally Tends to reduce (Birkhoff,
Information- formula, basing dimension practical; easily the multi-layered 1933);
Theoretic aesthetic analysis, color applicable to structure of (Taylor et
measure on the harmony large datasets. aesthetic al., 1999);
order-to- scales, experience to a (Cohen,
complexity Shannon limited number of 2001)
(O/C) ratio. entropy. mathematical
variables.
Psychophysical | Fechner's work | Quantitative Provides an Cultural (Fechner,
and demonstrating findings on experimental, differences and 1876);
Experimental that aesthetic the data-driven contextual factors | (Palmer &
Aesthetics responses can preferability | foundation for the | limit the universal Schloss,
be measured of visual design of validity and 2010)
using features such | Aesthetic Value | generalizability of
experimental as symmetry, Functions. the findings.
methods. contrast, and
the golden
ratio.
Machine The availability | Models that Capacity to Risk of reflecting | (Kong et al.,
Learning and | oflarge-scale | learn complex | represent implicit cultural and 2016);
Deep Learning | visual datasets | visual patterns structures that societal biases (Talebi &
Based and deep neural | and implicitly | traditional metrics present in the Milanfar,
networks. defined cannot capture. training data; 2018);
aesthetic necessity for (Karayev et
relationships critical evaluation al., 2014)
from data. of results.
Complex Considers Concepts such | Provides a robust | Methodological (Van Geert
System and | aesthetic value as optimal theoretical difficulty in &
Perceptual as a dynamic complexity, framework and translating the Wagemans,
Dynamics process flow conceptual theoretical 2020)
emerging experience. guidance for framework
within the explaining directly into a
viewer's aesthetic computable
cognitive experience. function; serves
system. as an indirect
reference for
applied models.

Table 2: Measuring and Calculating Aesthetic Value

2.3. The artistic search space and guided exploration

The search space of an evolutionary algorithm is the collection of all potential solutions that
can be generated based on the genetic encoding that was selected. Specifically, in the case of
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artistic production this space tends to be multi-dimensional and multi-modal. The enormity of
potential solutions restricts any search strategy that centers around a single point of
optimization. Since artistic value is often generated out of multiples local foci, the search
process should keep diversity in mind. Guided exploration: instead of aimless wandering,
purposeful redirection of the search process toward regions of interest This guidance is
generally expressed in an Aesthetic Value Function. The Aesthetic Value Function has a strict
definition in some studies and sees it as dynamic structures that change through the process of
search in other approaches. The fitness function itself could evolve through co-evolution as
suggested by Machado and Cardoso (1998), thus showing that search and evaluation
mechanisms can co-develop mutually. This leads to a framework where the fitness function is
no longer defined as a static measure of quality, but rather incorporated into the generative
process itself.

Newer methods such as Novelty Search and the MAP-Elites algorithm give reward for
behavioral diversity as well as a performance based metric. These methods strive to outline a
larger topological overview of the search space, revealing not only high-fitness solutions, but
also diverse types of behaviors. Because aesthetic value in artistic production is one of the
important features to be novelty and unexpected combination, these methods provide a
theoretically strong structure.

3. Methodology: Conceptual Framework and Experimental Setup

The methodology of the study combines conceptual analysis with simulation-based
experimental design. In the first step, a typology was created classifying approaches termed
aesthetic value functions. Subsequently, a standard parametric image generation system was
developed to observe how this typology affects the evolutionary search process. In this way,
the theoretical classification and experimental findings are related within the same framework.
The typology defines four main approaches.

The first is the quantitative computable aesthetic value function. In this approach, the fractal
dimension measuring the textural complexity of the image is calculated using the box-counting
method, and the fitness value increases as proximity to the range of 1.5 to 1.8 increases. For the
color harmony scale, the distance to complementary color pairs in the HSV color space is taken
as a basis; the score increases as complementarity increases. Global compositional balance is
determined by the distance of the center of gravity to the geometric center and color distribution
statistics; proximity to the center and balanced distribution yield high scores. Although
quantitative metrics offer the advantage of fast computation, their expressive power remains
limited as they reduce the holistic structure of aesthetic experience to a limited number of
mathematical variables.

The second approach is the learning-based aesthetic value function. Here, a hypothetical deep
neural network model called AestheticNet is used. The model was trained on the ArtBench-50k
dataset, consisting of 50,000 artworks and photographs, using professional evaluations as a
reference, and assigns an aesthetic score between 1 and 10 to each image. The learning-based
approach guides the search process within a richer evaluation framework by learning high-level
features such as form, color relationship, and compositional integrity from data.
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The third approach is the interactive human evaluation aesthetic value function. In this model,
the fitness value is determined directly by a human operator; however, to ensure experimental
replicability, a setup was preferred where the learning-based model is used as an idealized
simulation of human behavior. Individuals selected from the population are scored between 1
and 5. This approach aims to reflect the sensitivities of the aesthetic context more directly by
incorporating subjective preferences into the search process.

The fourth approach is the hybrid multi-criteria aesthetic value function. This model is based
on a weighted combination of the previous approaches and aims to limit any single criterion
from dominantly guiding the search process. As an example, the following fitness formula was
defined: 0.6 times the learning-based score, plus 0.2 times the expression (1 — |FD — 1.7|), plus
0.2 times the color harmony score. This structure keeps the learning-based evaluation central
while encouraging moderate complexity with the fractal dimension criterion, and color
harmony supports compositional integrity. Thus, the search process is guided jointly by data-
driven aesthetic judgments and quantitative visual metrics. This developed typology allows for
a comparative examination of the impact of different information sources on the search space.
The relationship between the structural characteristics of the evaluation mechanism and the
resulting visual diversity can be directly linked through experimental observations. This enables
a clearer understanding of the decisive role of each approach on evolutionary dynamics.

AEF Type | Sub-Component/ Description Calculation / Fitness Reflection /
Criterion Evaluation Formula
Method
Quantitative Fractal Measures the textural Calculated using Fitness value increases
Computable Dimension complexity of the image. the box-counting with proximity to the
AEF (Q- (FD) method. range of 1.5 to 1.8.
AEF)
Color Determines the level of Measures distance Score increases with
Harmony Scale | complementarity between | to complementary proximity to
(CHS) colors. color pairs in the complementarity.
HSV color space.
Global Quantitatively expresses Evaluates the Proximity to the center
Compositional visual balance. distance of the and balanced
Balance (GCB) center of gravity to | distribution yield high
the geometric scores.
center, together
with color
distribution
statistics.
General Calculated through - -
Approach mathematical formulas or
basic image processing
techniques. Its core
strength is computability
and processing speed.
However, its expressive
power is limited as it
represents the holistic
structure of aesthetic
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experience with a limited
number of variables.
Learning- AestheticNet A deep neural network- Trained on the Assigns an aesthetic
Based AEF Model based aesthetic scorer. It ArtBench-50k score between 1 and 10
(L-AEF) has the potential to dataset consisting to each image. Guides
capture complex and of 50,000 artworks the search process
implicit visual patterns and photographs, | within a rich evaluation
(such as form, color using professional framework.
relationship, evaluations as a
compositional integrity). reference.

Interactive Simulated Aims to incorporate Evaluates Scores between 1 and
Human Human subjective preferences individuals selected | 5. Human evaluation
Evaluation Evaluation into the search process. from the population | reflects the sensitivities

AEF (I-AEF) To maintain experimental (in simulation). of the aesthetic context
replicability and enable more directly.
systematic comparison, a
simulation was preferred
where the L-AEF is used
as an idealized model of
human behavior, instead
of actual human
participation.
Hybrid Weighted Aims to limit the Example Formula: L-AEF is central, FD
Multi- Combination dominance of any single Fitness = 0.6 x L- encourages moderate
Criteria AEF criterion and create a AEF Score +0.2 x | complexity, and CHS
(H-AEF) balanced evaluation (1—-|FD—-1.7])+ | supports compositional
framework. Keeps 0.2 x CHS_Score integrity. The search
learning-based aesthetic process is guided
evaluation central while jointly by data-driven
supporting it with judgments and
quantitative visual metrics quantitative metrics.
(FD, CHS).
General - The developed typology - In this way, the
Framework allows for a comparative relationship between
and Aim examination of the impact the structural
of different information characteristics of the
sources (mathematical, evaluation mechanism
learning-based, human) and the resulting visual
on the search space. diversity can be
observed
experimentally.

Table 3: Aesthetic Evaluation Functions (AEF) Typology

3.2. Evolutionary System and Parametric Image Generation
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The image representation is a vector of 50 real-valued genes that control the basic parameters
determining the visual composition. This genetic coding structure includes position, scale,
rotation angle, RGB components of the fill color, edge thickness, and transparency values for
ten abstract shape prototypes. The shape prototypes consist of ellipses, rectangles, and line
clusters, while RGB parameters for the global background color are also encoded separately.
Additionally, control parameters for noise filters and basic texture curves are included in the
genotype. This representation allows for the generation of geometric and color-based variations
within the same model. The continuous-valued parameters enable gradual transitions in the
search space, allowing for fine-tuned changes.

The genotype vector is fed into a deterministic procedure that generates an RGB image of
512x512 pixel size. The system uses a layered drawing architecture: each shape is placed
sequentially according to its parameter values to form the composition. The placement order
determines the overlap relationships between shapes, thus creating visual depth and layering
patterns. The deterministic nature of the process ensures that the same phenotype is produced
for the same genotype on every run. This is a critical feature for experimental replicability.

3.2.1 Evolutionary Algorithm Parameters

In the experimental comparison, the same evolutionary structure was used for all Aesthetic
Evaluation Function (AEF) types. The parameters are summarized in the table below:

Parameter Value

Algorithm Steady-State Genetic Algorithm

Population size 100 individuals

Selection method Tournament selection, k =3

Crossover Uniform crossover, rate = 0.7

Mutation Gaussian mutation, ¢ = 0.1, mutation probability = 0.05
Number of generations 200

Independent runs 5 experiments for each AEF type

Table 4: Evolutionary Algorithm Parameters

Keeping the parameters constant allows for a direct comparison of the effect of different AEF
types on search dynamics.

3.3. Evaluation Metrics

Rather than assessing the success of the evolutionary process solely through the individual with
highest fitness value, we analyzed it within multi-dimensional framework. There are four
fundamental criteria involved here. The first was fitness convergence: fitness monitoring of the
best and average values throughout generations. This metric refers to how fast the algorithm
finds a solution, as well as how stable it is through its searching process. Early saturation of the
curve means that it has reached early saturation and therefore was limited in terms of
exploratory capacity, whilst a gradual slope represents more balanced search dynamics. A
second metric is the diversity of its population. The latter was confronted at two levels, i.e., the
matching not only took into account the positions of individuals in genotype space (Euclidean
distance), but also of histograms built by each individual image based on feature images
(phenotype space). Genotype distance quantifies genetic divergence, whereas phenotype
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distance illustrates apparent diversity. Judging these two distances together shows how much
diversity the search process is able to keep. So basically this metric makes clear whether the
algorithm gets stuck into one kind of solution or supports various possibilities.

As part of this external aesthetic evaluation, the top 10 individuals retrieved at the end of
evolution were individually assessed on a scale from 1 to 10 by a dummy expert panel that
operated sua sponte, independent of the aesthetic value function. This assessment was based on
originality, compositional integrity, and visual interest. The goal of this phase is to learn the
relation between the fitness measure internal to the model and exogenous beauty evaluations.
That is, it tackles the question: Do images the algorithm internally ranks highly score just as
highly with a human-like aesthetic sensibility? Ultimately, behavioral mapping technique
utilized. As with the MAP-Elites technique, individuals were inserted into a two-dimensional
behavioral space by virtue of their color diversity and geometric complexity axes. This provides
a mapping of where different types of aesthetic value functions are focusing their efforts in the
search space. So, it tells not only which were the best solutions found but also what parts of the
space were systematically explored and where there are empty regions. This is an excellent way
to gain insight into the exploration pattern of our algorithm.

4. Findings and Analysis

The experiment set was up to see how four variations of an aesthetic value function guided
evolutionary dynamics. The quantitative computable method converged much more faster than
all other approaches with respect to fractal dimension. After about the fiftieth generation, almost
all individuals in the population had compressed fractal dimension values about between 1.68
and 1.72. This rapid convergence resulted in a large reduction of genotype and phenotype
diversity. Generated images started to become similar in texture I wrote this test commentary
revealing a little variation on the composition and theme A similar picture emerged when color
harmony was used as the principle: most of the population gravitated towards complementary
pairs of colors, such as turquoise-red or purple-yellow, however overall compositional structure
remained within a very limited range. It became apparent that when optimizing for a single
quantitative metric, we were quite literally compressing the search space to a very specific band
of aesthetics.

That was not the case with the learning based model. The process that we did with AestheticNet
was slower, but much more step-by-step. The composition of images generated was far more
balanced, the color transitions were harmoniously softer and empty spaces were used more
consciously than in the quantitative approach. A second issue arose here, though: the model
was prone to over-reme teric dominant aesteistics it had learned feom the training data. This
average understanding of beauty stifled radicalistic innovations and non-normative
explorations. Notably, the diversity level was greater than in the quantitative model, but
stylistically still could not surpass a certain limit.

The interactive human evaluation approach completely changed the picture. Diversity was at
its highest when simulated human judgment was involved. By occasionally selecting
individuals that received low scores from the learning-based model but that were found
interesting, the human operator guided the search process in ways not anticipated. It opened the
floor for creative deviations. This freedom, though, has had its downsides: it prolonged the
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emergence of a consistent style and led to periodic verging on aimlessness. The increased
exploratory capacity of human judgment had also created uncertainty due to its flexible nature.

Most balanced performance was shown by the hybrid approach. When the learning-based
model became the important 60% weighted decision factor in regards to other two, including
fractal dimension and color harmony each took up with 20%, this arrangement guaranteed
reasonable convergence speed without attaching excessive diversity and most importantly from
external aesthetic evaluations obtained best average score. Through its hybrid structure it
limited the influence of any individual criteria, steering the search process while preventing an
over-constraining effect. As a result, this created a controlled exploration space.

The analysis of behavioral mapping clearly indicated that each approach probed the search
space in a distinct manner. The fractal dimension-based quantitative approach considered
geometric complexity and color diversity, with subjects clustering in a very tight band along
the geometric complexity axis, but exhibiting a wider than expected (but also less regular)
spread on the color diversity (diversity of neural gases) axis. This resulted in a search process
becoming embedded in a region which output high fractal dimension scores. People clustered
tightly around moderate values on both axes in the learning-based model. It was the model’s
safe, canonical aesthetic territory; we saw nearly no inclination toward extreme points. As
individuals, we diverge to the edges of the behavioral space. Human preferences guided the
search into unknown and experimental territories. The hybrid approach showed a broader
distribution, relative to the learning based model but more controlled compared to the
interactive one. This multi-criteria setting enabled deviations from the core area without
scattering the search altogether.

The interactive approach achieved the highest scores for originality in comparison to other
approaches in the external expert panel evaluations, followed by hybrid; however, consistent
averages remained lower for quantitative and learning-based approaches. The learning-based
and hybrid approaches performed favorably in terms of compositional integrity (CI), while the
interactive approach was observed to have a high variance. Regarding visual interest, the
interactive and hybrid approaches again produced statistically higher averages. These results
decisively affirm that the aesthetic value function is not just a technical detail in evolutionary
wrapping paper of art generation, but rather the very foundation of what constitutes potential
creativity. The original contribution of this study is in systematically comparing how the various
evaluation strategies transform the search space, and showing that hybrid and multi-criteria
approaches canwork together to provide not only exploratory capacity but aesthetic coherence
as well.

5. Discussion

These findings expose a fundamental paradox of automatic aesthetic optimization: the more
tightly we define and optimize an aesthetic value function, the more it inevitably narrows down
the search space and molds productions into its own limited foresight. The quantitative
computable approach is doomed to fail because any attempt to squeeze the layered richness of
aesthetic human texture into a few mathematical variables cannot succeed. Learning-based
models, on the other hand, fall into the opposite trap: by producing datasets-averaged, canonical
aesthetic knowledge from large datasets such as ImageNet or YouTube8M (Boden 2004), they
result in a kind of aesthetic conformism. But art history makes clear that real innovation and
avant-garde breakthroughs come exactly from transgressing established norms. Given that the
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training data of a learning-based model would have set a scaling somewhat to reward such
behavior, it is pretty much unlikely that behavior like this receives any high score. The
interactive human evaluation methodology is arguably the most straight-forward way to
circumvent this paradox. It is the approach with the greatest potential for mimicking open-
ended creativity, because human judgment is far more flexible, context sensitive and
unpredictable than any method currently available. However, this potential has a practical
barrier: user fatigue (Takagi, 2001). No human evaluates that many images over that many
generations. As a result, population size drops, genetic drift increases and exploration space
reduces. Since our study employs a simplified human model, we likely underestimated the
magnitude of this problem. This is where hybrid and meta-level strategies step in as a way out.
Proving to be the most balanced performer in our results, the hybrid approach showcased how
well it kept both exploratory power and visual aesthetics when combining learning-based
models with quantitative measures. This can be the basis for developing more sophisticated
strategies. Dynamic or adaptive aesthetic value functions could self-modulate their weights
according to population diversity; we could increase the weight of novelty or surprise criteria
automatically in response to decreased diversity (Lehman & Stanley, 2011). Another avenue is
multi-objective optimization: considering conflicting goals like aesthetic novelty, stylistic
consistency, and technical sophistication as separate objectives allows exploration of the Pareto
front. Rather than being one single best solution, this approach provides a family of solutions
with different characteristics. The alternative is curated evolution: The algorithm does a wide
search, based on some simple quantitative or learning-based function, but the final selection
and editing is done by a human curator. This process liberates the human from a tedious loop
of iterative evaluation, allowing them to take on more of an oracle role for guidance and
selection. These are all clues to better working partnerships between machine intelligence and
human creativity. But we cannot ignore the ethical, philosophical aspects of this enmeshment.
If aesthetic value can be derived as an algorithmic function, does this mean that it has a
replicable, objective basis? Slowly the artist becomes a type of search space architect or
controlling function designer. Most crucially, the historical and cultural biases found in training
datasets used to train learning-based models can influence the future of artistic production by
algorithms, though invisibly (Bruyn et al., 2020). In the design of these systems transparency
and critical awareness present themselves not only as technical, but also ethical needs.

6. Conclusion

In examining pictorial optimization, this study shows that the application of evolutionary
algorithms is inextricably bound to consideration of an aesthetic value function. The simulation-
based conceptual comparison illustrated that the four evaluation strategies lead to
fundamentally different search spaces and correspondingly different productions. Quantitative
computable metrics, especially in the form of one dimensional goals like fractal dimension and
color harmony would rapidly converge but through squeezing the visual repertoire into a thin
band such that after only a few generations the population started to produce variants high in
texture or composition but similair to each other. The learning-based model brought in, again,
a new sort of constraint: by reproducing canonical aesthetic patterns learnt from huge datasets,
a model had created images that carried high compositional integrity and subtle transitions of
colour, but in a familiar, conventional visual tongue. Under this system, we should not actually
be surprised that radical innovations and non-normative explorations were systematically
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punished. Things turned a completely different way in the interactive human evaluation
approach, because of humans' flexible habits choosing underrepresented with lower scores but
interesting individuals that resulted in an infinite diversity from all over to the margins of the
search space. But one price of this open-endedness was that it took a while for Novak to develop
a consistent style, and along the way, an aimlessness and inconsistencies. While the pure neural
learning-based evaluation, much like other extremes such as ranging to a spectrum with only
pure quantitative measures always ended up with either very slow convergence speed (the first
case) or lack of sufficient diversity (the second case), thus scoring highest externally among all
purposes models would mean that (as stated above) this hybrid approach achieved both
diversification and highly practical speeds in obtaining useful rational behaviors whilst still
efficiently scored based on expert references for short period designs.

And these findings suggest that the purpose of a tagging system to truly creative evolution is
not finding optimums but mapping unexplored and inspirational landscapes. This is where
guided exploration comes in: a symbiotic cycle of human intuitive guiding and the algorithm’s
endless patience and combinatorial production power, whereby random search will not be left
to chance entirely nor strictly defined by one aesthetic reading. Hybrid, adaptive and multi-
objective strategies can be decisive in this cycle. Future works may, for example, combine with
models that assess the emotion or hidden meaning of a picture35 www.visualgenome.org36—
to develop explainable Al techniques37 that show over-time why an image received a high
score from a learning-based model as feedback to be more informative to the artist; systems
could also adapt their aesthetic value functions ‘in-the-wild’ through real-time reactions and/or
social media feedback38 39 40, while emerging digital designs could ultimately become
physical paintings via robots41 creating new possibilities of expressions across physical-digital
interfaces. In short, evolutionary algorithms and pictorial optimization should not be seen as a
way to automate art; they are thinking partners that stretch the limits of human creativity and
provide a new idiom for artistic thought. Real exploration means leaving the map at the edges,
and on this journey, perhaps only human critical curiosity and aesthetic judgment can remain
our most valuable guide.

Research avenues need to be opened in future:

Emotion/Meaning-Based EDFs: Those implementing models that assess the emotional or implicit
meaning of an image.

Explainable Aesthetic Evaluation: More effective explainable Al (XAI) techniques that could visualize
the reasoning behind high scores given to images by a particular L-EDF (Learning-based Aesthetic
Value Function) would provide better feedback to the artist.

Learning and Cultural Feedback Online: The system continuously refines its EDF by incorporating real-
time aesthetic preferences learned from online interactions (for instance, social media reactions).

Digital-Physical Interfaces: hybrid settings which allow transfer and transformation of entangled digital
drawings into paintings by semi automated robot systems.

That said, evolutionary algorithms and pictorial optimization are not the tools for automating art.
Instead, [artificial intelligences] should be seen as a thinking partner who enhances the terrain of human
creativity and offers a new idiom for artful thought. True discovery occurs beyond the edges of the map;
on that expedition, no guide is as precious as human critical curiosity and aesthetic judgment.
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Oz

Bu calisma, evrimsel algoritmalarin resimsel kompozisyon ve stil optimizasyonunda nasil kullanilabilecegini
estetik deger fonksiyonunun tanimlanmasi ve 6l¢iilmesi sorunsali etrafinda ele almaktadir. Dogal segilimden ilham
alan bu algoritmalar, geleneksel yontemlerle modellenmesi gii¢ ¢ok boyutlu sanatsal arama uzaylarinda giiclii bir
kesif olanagi sunmaktadir. Ancak siireci yonlendiren estetik deger fonksiyonunun nesnel, genellenebilir ve
hesaplanabilir bir bigimde kurgulanmasi, hem kuramsal hem de uygulamali diizeyde temel bir zorluk
olusturumaktadir. Caligmada bu fonksiyona yonelik yaklagimlar istatistiksel, psikofiziksel, 6grenme temelli ve
etkilesimli olarak smiflandirilmaktadir ve her birinin sanatsal arama uzaymin yapisini nasil donistiirdiigi
irdeleniyor. Yonlendirilmis kesif kavrami ¢ercevesinde evrimsel algoritmalarin yalnizca uygunluk eniyilemesi
yapmakla kalmayip, ¢ok modlu arama uzaylarinda cesitlilik, siirpriz ve estetik ilgi uyandiran g¢oziimler
iretebilecegi gosterilmektedir. Parametrik bir goriintii iiretim sistemi iginde kurgusal ama gerceke¢i bir deney
diizenegi olusturulmus ve farkli estetik deger fonksiyonu tanimlarina sahip genetik algoritmalar karsilastirilmistir.
Bulgular, nicel temelli tasarimlarin hizli yakinsama sagladigini ancak ¢oziim gesitliligini ve yenilik diizeyini
sinirladigimni ortaya koyuyor. Buna karsilik etkilesimli ve ¢ok 6l¢iitlii yaklasimlar daha genis bir kesif alani
sunarken Olceklenebilirlik ve Oznel degerlendirme tutarliligt agisindan ek yontemsel diizenlemeler
gerektirmektedir. Sonug olarak, evrimsel algoritmalarin sanatsal optimizasyondaki basarisi, estetik niyeti yansitan
ama kesif alanini asir1 daraltmayan bir kilavuz fonksiyon tasarimina dayanmaktadir. Yaratici bir hesaplamali
sistem, yalnizca tek bir en iyi ¢oziimii bulmak yerine, olasiliklar uzayinda anlamli gegis yollar1 kesfedebilme
kapasitesiyle degerlendirildiginde kuramsal ve pratik agidan daha giiglii bir konuma yerlesmektedir.

Anahtar Kelimeler: Evrimsel Algoritmalar, Hesaplamali Yaraticilik, Estetik Deger Fonksiyonu, Sanatsal
Optimizasyon, Genetik Algoritma, Etkilegsimli Evrim, Arama Uzay1, Yonlendirilmis Kesif.

1. Giris

Sanatsal yaratim siireci uzun yillar boyunca sezgi, teknik beceri ve bireysel ifadenin igsel bir
alan1 olarak degerlendirilmistir. Hesaplama kapasitesindeki artis ve modelleme tekniklerindeki
gelisim bu siirecin analiz edilmesi, taklit edilmesi ve genigletilmesi yoniinde yeni olanaklar
iiretmis ve hesaplamali yaraticilik olarak adlandirilan disiplinler aras1 aragtirma alanini goriiniir
kilmigtir (Boden, 2004). Bu alan i¢inde 6ne ¢ikan ydntemlerden biri biyolojik evrim
ilkelerinden esinlenen Evrimsel Algoritmalar’dir.

Evrimsel Algoritmalar (EA), bir aday ¢6ziim popiilasyonunu tanimli bir uygunluk
fonksiyonuna gore degerlendirerek secilim ¢aprazlama ve mutasyon operatdrleri araciligiyla
ardisik kusaklar tiretir (Eiben ve Smith, 2015). Bu meta-sezgisel eniyileme yaklagimi 6zellikle
yliksek boyutlu ve dogrusal olmayan arama uzaylarinda etkili sonuglar verir. Gorsel iiretim
baglaminda EA’lar; renk paletlerinin diizenlenmesi kompozisyon parametrelerinin
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yapilandirilmasi soyut bi¢imlerin gelistirilmesi ve gorsel dokularin tiiretilmesi gibi islemlerde
kullanilir. Karl Sims’in 1991 tarihli ¢calismas1 genetik programlama yontemiyle evrimlestirilen
karmagik gorsel yapilarin iretilebilecegini gostermistir. S6z konusu yaklagim sanatc¢inin
deneme temelli liretim pratigini algoritmik bir kesif ve eniyileme siirecine doniistiirme imkant1
sunar.

Bu kuramsal g¢erceve icinde belirginlesen temel sorun Estetik Deger Fonksiyonu (EDF)
problemidir. Miihendislik eniyilemelerinde uygunluk fonksiyonu fiziksel kisitlar ve dl¢iilebilir
performans gostergeleri temelinde agik bi¢cimde tanimlanir. Gorsel kompozisyonun estetik
degeri 6znel yargilar kiiltiirel baglam ve ¢ok katmanli algisal 6l¢iitler tarafindan sekillenir. Bir
algoritmanin estetik acidan giicli ¢iktilar {retmesi giizellik kavramimin islemsel ve
hesaplanabilir bir modele doniistiiriilmesine baglidir. Tanimlanan modelin kapsami ve sinirlari
arama uzaymin yoniinii dogrudan etkiler. Bu nedenle EDF tasarimi yalnizca teknik bir
parametre belirleme siireci olarak degil, arama uzaymin yapisini kuran kuramsal bir tercih
olarak degerlendirilmelidir.

Bu baglamda caligma su sorulara odaklanmaktadir:

Boliim Igerik

Arastirma Estetik degeri nicellestirmeye yonelik mevcut yaklagimlar nelerdir ve bu yaklagimlar bir

Sorusu 1 Estetik Degerlendirme Fonksiyonu (EDF) olarak kullanildiklarinda evrimsel arama siirecini
nasil etkilemektedir

Arastirma Sanatsal optimizasyon baglaminda yonlendirilmis kesif kavrami nasil tanimlanmakta ve bu

Sorusu 2 kavram evrimsel yontemlerle nasil iliskilendirilmektedir

Arastirma Farkli EDF stratejileri karsilastirildiginda {iretilen eserlerin gesitliligi 6zgiinliigli ve

Sorusu 3 algilanan estetik degeri hangi dlgiitler temelinde farklilasmaktadir

Arastirma Insan sezgisi ile algoritmik arama siiregleri hangi kuramsal ve ydntemsel gercevede

Sorusu 4 biitiinlestirilebilmektedir

Makalenin Calisma oncelikle ilgili literatiirii incelemekte ardindan EDF yaklagimlarint siniflandiran

Yapisi kavramsal bir c¢erceve sunmakta ve simiilasyona dayali deneysel bulgulan
degerlendirmektedir Son asamada hesaplamali yaraticilik alaninda evrimsel yontemlerin
gelecegine iliskin kuramsal ve etik ¢ikarimlar tartisilmaktadir

Tablo 1: Estetik Deger Fonksiyonu (EDF) Arastirma Sorulari
2. Literatiir Taramasi

Bu literatiir taramasi evrimsel algoritmalar ve estetik deger fonksiyonu konusundaki ¢aligmalari
derlemekle kalmayip alana 6zgiin bir kavramsal cerceve kazandirmaktadir. Oncelikle estetik
degerin Olgiilmesine yonelik yaklasimlart istatistiksel, psikofiziksel, 6grenme temelli ve
etkilesimli olmak iizere dort ana kategoride sistematik bigimde siniflandirarak, bu alandaki
daginik literatiirii biitlinciil bir perspektiften yeniden okumaya olanak tanir. Bu siniflandirma,
her bir yaklasimin sanatsal arama uzayinin yapisini nasil doniistiirdiigiinii anlamak i¢in analitik
bir arag sunar. Ornegin, istatistiksel yaklasimlarin arama uzayni dar bir estetik banda sikistirma
egilimi 6grenme temelli modellerin ise veri setindeki baskin estetik kaliplar1 yeniden iireterek
normatif bir alan yaratma potansiyeli bu cerceve sayesinde goriiniir hale gelir. ikinci olarak,
literatiir taramas1 "yOnlendirilmis kesif" kavramini merkeze alarak, evrimsel algoritmalarin
yalnizca bir optimizasyon aract degil, ayni zamanda yaratict bir kesif siirecinin parcasi
olabilecegini vurgular. Bu baglamda, geleneksel uygunluk fonksiyonu anlayisinin 6tesine
gegilerek, yenilik arayisi ve ¢cok amagli optimizasyon gibi stratejilerin sanatsal iiretimdeki
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potansiyeli tartisilmaktadir. Bu kavramsal yeniden yapilandirma, calismanin deneysel
tasariminin temelini olusturur ve farkli estetik deger fonksiyonu tiirlerinin evrim dinamikleri
tizerindeki etkisini karsilagtirmali olarak incelemeye imkan tanir. Dolayisiyla bu literatiir
taramasi, sadece mevcut bilgiyi 6zetlemekle kalmaz, ayn1 zamanda ¢aligmanin bulgusal giiciinii
artiran saglam bir kavramsal zemin hazirlar. Deneysel bolimde elde edilen sonuglar bu
kavramsal ¢ercevenin gecerliligini ampirik olarak test etmekte ve estetik deger fonksiyonu
tasariminin yaratici ¢iktilar tizerindeki belirleyici roliinii ortaya koymaktadir. Boylece literatiir
taramas1 hem alana teorik bir katki sunmakta hem de calismanin deneysel bulgularinin
yorumlanmast i¢in gii¢lii bir referans noktas1 olusturmaktadir (Ozdemir, 2022).

2.1. Evrimsel Algoritmalar ve Sanat

Evrimsel hesaplamanin sanata uygulanmasi 1960’1 yillarda ortaya ¢ikan bilgisayar sanati
deneylerine uzanir. Alanin doniim noktasi olarak kabul edilen ¢alisma Karl Sims’in 1991 tarihli
arastirmasidir. Sims, LISP programlariyla temsil edilen gorsel prosediirleri bir popiilasyon
icinde evrimlestirerek doku, form ve renk fonksiyonlarim1 degisken genetik temsiller
araciligiyla iiretmistir. Arastirmaci insan operatoriin se¢imine dayali etkilesimli bir siire¢
yiirliterek organik ve karmasik goriintiiler elde etmistir. Bu yaklagim, Etkilesimli Evrimsel
Hesaplama olarak adlandirilan yontemin klasik orneklerinden biri kabul edilir ve literatiirde
Interactive Evolutionary Computation kavraminin kurucu uygulamalar1 arasinda degerlendirilir
(Takagi, 2001). Etkilesimli Evrimsel Hesaplama yaklasimi Estetik Deger Fonksiyonu
problemini degerlendirme stirecine insan1 dogrudan dahil ederek ele alir. Bu modelde uygunluk
degeri algoritmik bir formiille belirlenmez; degerlendirme 6lgiitii kullanicinin estetik tercihleri
tizerinden tanimlanir. Boylece 6znel estetik yargilar evrimsel arama siirecine yapisal bir bilesen
olarak katilir. Bununla birlikte yontemin temel sinirlilig1 6lgeklenebilirlik sorunudur. Kullanict
yorgunlugu popiilasyon biiyiikliigiinii ve nesil sayisini sinirlamakta arama uzayinin kapsamu ile
cesitliligi daralmaktadir.

Sims’in ¢alismasindan sonra arastirmacilar evrimsel algoritmalar1 parametrik resim tiretimi
fraktal sanat ve stil taklidi gibi farkli gorsel iiretim alanlarina uygulamistir. Ozellikle fraktal
sanat lizerine yiritiilen caligmalar matematiksel yineleme yapilar ile estetik algi arasindaki
iliskiyi incelemistir (Taylor vd., 1999). Bu literatiirde genotip—fenotip eslemesinin tasarimi
merkezi bir problem olarak One c¢ikar. Genetik temsilin gorsel ¢iktiya hangi kurallarla
doniistliriildiigl estetik cesitliligin diizeyini dogrudan etkiler. Benzer bi¢imde mutasyon ve
caprazlama gibi evrimsel operatdrlerin kesif kapasitesini koruyacak sekilde yapilandirilmasi
arama slirecinin derinligi acisindan belirleyicidir. Sonu¢ olarak evrimsel sanat {iretiminde
teknik tasarim tercihleri ortaya ¢ikan gorsel repertuarin sinirlarii belirleyen temel etkenler
arasinda yer alir.

2.2. Estetik Degerin Ol¢iilmesi ve Hesaplanmasi

Estetik degerin otomatik bi¢imde Olgiilmesine yonelik girisimler estetigin nesnel Olgiitlere
indirgenebilirligi iizerine yiiriitiilen uzun soluklu felsefi tartigmalarin devami niteligindedir
(Kant, 1790). Hesaplamal1 yaklagimlar literatiirde dort ana kategori altinda toplanir ve her biri
estetik deneyimin farkli bir boyutunu modellemeye yonelir.
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Yaklagim Temel Dayanak Kullandig1 Gliglii Yonler Sinirhiliklar / flgili Atiflar
Kategorisi / Oncii Olgiitler / Elestiriler

Yontemler
Istatistiksel ~ Estetik 6l¢iiyii Fraktal boyut Hesaplama Estetik deneyimin (Birkhoff,
ve Bilgi diizen ve analizi, renk acgisindan ¢ok katmanl 1933);
Kuramsal  karmagiklik uyumu pratik, biyiik yapisint sinirl (Taylor vd.,
orania (O/C) olgekleri, veri kiimelerine ~ sayida matematiksel ~ 1999);
dayandiran Shannon kolaylikla degiskene indirgeme  (Cohen,
Birkhoff'un entropisi. uygulanabilir. egilimi. 2001)
formiilii.
Psikofiziksel ~Fechner'in Simetri, Estetik Deger Kiiltiirel farkliliklar ~ (Fechner,
ve Deneysel  estetik tepkilerin ~ kontrast, altin Fonksiyonu ve baglamsal 1876);
Estetik deneysel oran gibi gorsel  tasarimina etkenler, bulgularin ~ (Palmer ve
yontemlerle ozelliklerin deneysel, veri evrensel gecerliligini  Schloss,
oOlgiilebilecegini  tercih temelli bir ve 2010)
gosteren edilirligine dair ~ dayanak genellenebilirligini
caligmalart. nicel bulgular. olusturur. sinirlar.
Makine Biiyiik 6l¢ekli Karmagik gorsel  Geleneksel Egitim verilerindeki  (Kong vd.,
Ogrenimi ve  gorsel veri ortintiileri ve olgiitlerin kiiltirel ve 2016);
Derin kiimelerinin acikca kapsayamadigi  toplumsal (Talebi ve
Ogrenme varlig1 ve derin tanimlanmamis  Ortiik yapilar onyargilarin modele  Milanfar,
Temelli sinir aglari. estetik iligkileri ~ temsil edebilme  yansima riski; 2018);
veriden 6grenen  kapasitesi. sonuglarin elestirel (Karayev
modeller. degerlendirilmesi vd., 2014)
geregi.
Karmagsik  Estetik degeri, Optimal Estetik Kuramsal (Van Geert
Sistem ve izleyicinin karmasiklik, deneyimin gergevenin dogrudan  ve
Algisal bilissel akis deneyimi aciklanmast hesaplanabilir bir Wagemans,
Dinamik sisteminde gibi kavramlar.  i¢in giiglii bir fonksiyona 2020)
ortaya ¢itkan kuramsal doniistiiriilmesi
dinamik bir gergeve ve yontemsel agidan
stire¢ olarak ele kavramsal giicliik tasir;
alir. yonlendirme uygulamali modeller
saglar. i¢in dolayl1 bir
referanstir.

Tablo 2: Estetik Degerin Olgiilmesi ve Hesaplanmas1

2.3. Sanatsal Arama Uzayi ve Yonlendirilmis Kesif

Bir evrimsel algoritmanin arama uzay1 segilen genetik kodlamanin tanimladigi tiim olasi
coziimler kiimesini ifade eder. Sanatsal iiretim baglaminda bu uzay ¢ogunlukla ¢ok boyutlu ve
cok modlu bir yap1 sergiler. Cozliim sayisinin genisligi tek bir eniyileme noktasina odaklanan
arama stratejilerini sinirhi kilar. Sanatsal deger ¢ogu zaman birden fazla yerel odakta ortaya
¢iktig1 i¢in arama siirecinin ¢esitliligi koruyacak bicimde tasarlanmasi gerekir. Yonlendirilmis
kesif kavrami arama siirecinin rastlantisal dolasim yerine belirli ilgi bolgelerine sistematik
bicimde yonelmesini ifade eder. Bu yoOnlendirme genellikle Estetik Deger Fonksiyonu
aracilifiyla gerceklesir. Estetik Deger Fonksiyonu bazi ¢aligmalarda sabit bir 6lgiit olarak
tanimlanirken bazi yaklagimlarda arama siireciyle birlikte donilisen dinamik bir yap1 olarak
kurgulanir. Machado ve Cardoso 1998 yilinda uygunluk fonksiyonunun da evrilebilecegini ileri
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siirmiis ve boylece arama ile degerlendirme mekanizmasimin karsilikli etkilesim ig¢inde
gelisebilecegini gostermistir. Bu yaklagimda uygunluk fonksiyonu sabit bir Ol¢lim araci
olmaktan ¢ikar ve iiretim siirecinin parcast haline gelir.

Son donemde gelistirilen Yenilik Arayis1 yontemi ve MAP-Elites algoritmast performans
Ol¢iitlerinin yaninda davranigsal cesitliligi de ddiillendirir. Bu stratejiler arama uzayimin daha
genis bir haritasini ¢ikarmay1 hedefler ve yalnizca yiiksek uygunluk degerine sahip ¢oziimleri
degil farkli davranis oriintiilerini de goriiniir kilar. Sanatsal {iretimde yenilik ve beklenmedik
bilesimler estetik degerin 6nemli bilesenleri arasinda yer aldigi i¢in s6z konusu yontemler
kuramsal acidan gii¢lii bir ¢erceve sunar.

3. Metodoloji: Kavramsal Cerceve ve Deneysel Diizenek

Calismanin metodolojisi kavramsal analiz ile simiilasyona dayali deneysel tasarimi bir araya
getiriyor. {1k adimda, estetik deger fonksiyonu olarak adlandirilan yaklasimlar siniflandiran bir
tipoloji olusturulmus. Ardindan bu tipolojinin evrimsel arama siirecini nasil etkiledigini
gozlemlemek {izere standart bir parametrik resim iiretim sistemi gelistirilmis. Bu sayede
kuramsal simiflandirma ile deneysel bulgular ayni ¢ercevede iliskilendirilmis. Tipolojide dort
ana yaklasim tanimlaniyor. Ilki, nicel hesaplanabilir estetik deger fonksiyonu. Bu yaklasimda
goriintiiniin dokusal karmagikligini 6l¢en fraktal boyut, kutu sayma yontemiyle hesaplaniyor ve
1.5 ile 1.8 aralifina yakinlik arttikca uygunluk degeri yiikseliyor. Renk uyumu 6lceginde ise
HSV renk uzaymda tamamlayici renk ¢iftlerine uzaklik esas almmaktadir, tamamlayicilik
arttikca puan artiyor. Global kompozisyon dengesi, agirlik merkezinin geometrik merkeze
uzaklig1 ve renk dagilim istatistikleriyle belirlenmektedir; merkeze yakinlik ve dengeli dagilim
yiiksek puan getirmektedir. Nicel 6l¢iitler hizli hesaplama avantaji sunsa da estetik deneyimin
biitiinsel yapisin1 sinirh sayida matematiksel degiskene indirgedikleri i¢in ifade giicleri kisith
kalmaktadir. Ikinci yaklasim, égrenme tabanli estetik deger fonksiyonu. Burada derin sinir
agiyla ¢alisan kurgusal bir model olan AestheticNet kullanilmaktadir. Model, 50 bin sanat eseri
ve fotograftan olusan ArtBench-50k veri kiimesinde profesyonel degerlendirmeler referans
alinarak egitilmis ve her goriintiiye 1 ile 10 arasinda bir estetik puan atmaktadir. Ogrenme
tabanli yaklagim, bigim, renk iligkisi ve kompozisyon biitlinliigli gibi yiiksek diizey 6zellikleri
veriden 0grenerek arama siirecini daha zengin bir degerlendirme ¢ercevesinde yonlendiriyor.
Ucgiincii yaklagim, etkilesimli insan degerlendirmeli estetik deger fonksiyonu. Bu modelde
uygunluk degeri dogrudan insan operator tarafindan belirlenmektedir, ancak deneysel
tekrarlanabilirligi saglamak i¢in 6grenme tabanli modelin idealize edilmis bir insan davranisi
simiilasyonu olarak kullanildig1 bir diizenek tercih edilmis. Popiilasyondan segilen bireyler 1
ile 5 arasinda puanlanmaktadir. Bu yaklasim, 6znel tercihleri arama siirecine dahil ederek
estetik baglamin duyarliliklarin1 daha dogrudan yansitmay1 hedefliyor.

Dordiincii  yaklagim, hibrit c¢oklu kriter estetik deger fonksiyonu. Bu model, onceki
yaklasimlarin agirlikli bir birlesimine dayanmaktadir ve tek bir dl¢iitiin arama siirecini baskin
bicimde yonlendirmesini smrlamayr amacliyor. Ornek olarak su uygunluk formiilii
tanimlanmis: 0.6 ile ¢arpilan 6grenme tabanli puan, 0.2 ile ¢arpilan ve 1 eksi mutlak deger
icinde fraktal boyutun 1.7'den farkini alan ifade, ve 0.2 ile ¢arpilan renk uyumu puani. Bu yapz,
ogrenme tabanli degerlendirmeyi merkezde tutarken fraktal boyut Olciitiiyle orta diizey
karmasiklig tesvik ediyor, renk uyumu da kompozisyonel biitiinliigii destekliyor. Bdylece
arama siireci hem veri temelli estetik yargilar hem de nicel gorsel Olgiitler tarafindan birlikte
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yonlendiriliyor. Gelistirilen bu tipoloji, farkli bilgi kaynaklarinin arama uzay1 iizerindeki
etkisini karsilastirmali olarak incelemeye olanak taniyor. Degerlendirme mekanizmasinin
yapisal Ozellikleri ile ortaya cikan gorsel cesitlilik arasindaki iliski, deneysel gozlemlerle
dogrudan iliskilendirilebiliyor. Bu sayede, her bir yaklagimin evrimsel dinamikler {izerindeki
belirleyici rolii daha net anlagilmaktadir.

Estetik Degerlendirme Fonksiyonlar1 (EDF) Tipolojisi

EDF Tirt Alt Bilesen / Aciklama Hesaplama/ Uygunluk Yansitma
Olgiit Degerlendirme Bigimi / Formiil
Y ontemi
Nicel Fraktal Boyut Goriintiiniin dokusal Kutu sayma 1.5 ile 1.8 araligina
Hesaplanabilir (FD) karmagikligini lger. yontemi ile yakinlik arttik¢a
EDF (Q-EDF) hesaplanir. uygunluk degeri
yiikselir.
Renk Uyumu Renkler arasi HSV renk Tamamlayiciliga
Olgegi (CHS) tamamlayicilik uzayinda yakinlik arttikga
diizeyini belirler. tamamlayici renk puan artar.
ciftlerine uzaklik
olgiliir.
Global Gorsel dengeyi nicel | Agirlik merkezinin | Merkeze yakinlik ve
Kompozisyon olarak ifade eder. geometrik merkeze dengeli dagilim
Dengesi (GCB) uzaklig ile renk yiiksek puan tretir.
dagilim
istatistikleri birlikte
degerlendirilir.
Genel Yaklasim Matematiksel - -
formiiller veya temel
goriintil isleme
teknikleri araciligiyla
hesaplanir. Temel
giicii hesaplanabilirlik
ve islem hizidir.
Ancak estetik
deneyimin biitiinsel
yapisint sinirli sayida
degiskenle temsil
ettigi i¢in ifade giicii
kisithdir.
Ogrenme AestheticNet Derin sinir ag1 temelli | 50.000 sanat eseri | Her goriintiiye 1 ile
Tabanh EDF (L- Modeli bir estetik ve fotograftan 10 arasinda estetik
EDF) puanlayicidir. olusan ArtBench- puan atar. Arama
Karmagik ve ortiik 50k veri kiimesi stirecini zengin bir
gorsel Oriintiileri iizerinde, degerlendirme
(bigim, renk iliskisi, profesyonel gercevesinde
kompozisyon degerlendirmeler yonlendirir.
biitiinliigii gibi) referans alinarak
yakalama egitilmistir.
potansiyeline sahiptir.
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amaglar. Ogrenme
tabanli estik
degerlendirmeyi
merkezde tutarken,
nicel gorsel Olgiitlerle

Etkilesimli Simiile Edilmis | Oznel tercihleri arama Popiilasyondan 1 ile 5 arasinda
insan Insan stirecine dahil etmeyi secilen bireyler puanlama yapilir.
Degerlendirmeli | Degerlendirmesi hedefler. Deneysel (simiilasyonda) Insan
EDF (I-EDF) tekrarlanabilirligi degerlendirilir. degerlendirmesi
korumak ve sistematik estetik baglamin
kargilagtirma duyarliliklarini1 daha
yapabilmek igin, dogrudan yansitir.
gercek insan katilimi
yerine L-EDF'nin
idealize edilmisg bir
insan davranig modeli
olarak kullanildig: bir
simiilasyon tercih
edilmistir.
Hibrit Coklu Agirhkh Tek bir dlgiitiin Ornek Formiil: L-EDF merkezde
Kriter EDF (H- Birlesim baskinligini sinirlaylp | Fitness =0.6 X L- | olup, FD orta diizey
EDF) dengeli bir EDF Score + 0.2 x | karmasiklig1 tesvik
degerlendirme (1-FD-1.7) + eder, CHS ise
gergevesi olugturmayi 0.2 x CHS_Score kompozisyonel

biitiinliigii destekler.
Arama siireci veri
temelli yargilar ve
nicel ol¢iitler
tarafindan birlikte

O0grenme tabanli,
insan) arama
uzaymdaki etkisini
kargilagtirmali olarak
incelemeye olanak
tanir.

(FD, CHS) destekler. yonlendirilir.
Genel Cerceve - Olusturulan tipoloji, - Bu sayede
ve Amacg farkl1 bilgi degerlendirme
kaynaklarinin mekanizmasinin
(matematiksel, yapisal ozellikleri

ile ortaya ¢ikan
gorsel gesitlilik
arasindaki iliski
deneysel olarak
gozlemlenebilir.

Tablo 3: Estetik Degerlendirme Fonksiyonlar1 (EDF) Tipolojisi

3.2. Evrimsel Sistem ve Parametrik Resim Uretimi

Gorsel kompozisyonu belirleyen temel parametreleri denetleyen 50 gercek degerli genden
olusan bir vektdrle temsil edilmektedir. Bu genetik kodlama yapisi, on adet soyut form prototipi
icin konum, 6l¢ek, doniis acisi, dolgu renginin RGB bilesenleri, kenar kalinlig1 ve saydamlik
degerlerini icermektedir. Form prototipleri elips, dikdortgen ve ¢izgi kiimelerinden olusurken,
global arka plan rengi icin RGB parametreleri de ayrica kodlanmaktadir. Bunlara ek olarak
giiriiltii filtreleri ve temel doku egrilerine iligskin kontrol parametreleri de genotipe dahil edilmis.
Bu temsil bi¢imi, geometrik ve renk temelli varyasyonlarin ayni1 model i¢inde iiretilmesine
imkan taniyor. Parametrelerin siirekli degerli olmasi ise arama uzayinda kademeli gegislere
olanak saglayarak ince ayarli degisimleri miimkiin kilmaktadir.
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Genotip vektorii, 512x512 piksel boyutunda RGB goriintii lireten deterministik bir prosediire
aktarilmaktadir. Sistem katmanli ¢izim mimarisi kullanmaktadir: her bir form, parametre
degerleri dogrultusunda sirali bigimde yerlestirilerek kompozisyon olusturuluyor. Yerlestirme
sirasi, formlar arasindaki ¢akigsma iligkilerini belirliyor ve bdylece gorsel derinlik ile ortiisme
diizeni ortaya ¢ikmaktadir. Siirecin deterministik olmasti, ayn1 genotip i¢in her ¢alistirmada ayni1
fenotipin liretilmesini giivence altina almaktadir. Bu da deneysel tekrarlanabilirlik agisindan
kritik bir 6zellik.

3.2.1 Evrimsel Algoritma Parametreleri

Deneysel karsilastirmada tiim Estetik Deger Fonksiyonu tiirleri i¢in ayni evrimsel yapi
kullanilmistir. Parametreler agsagidaki tabloda 6zetlenmistir:

Parametre Deger
Algoritma Steady-State Genetik Algoritma
Popiilasyon boyutu 100 birey
Secilim yontemi Turnuva secilimi k =3
Caprazlama Tekdiize ¢aprazlama oran = (.7
Mutasyon Gaussian mutasyon ¢ = 0.1 mutasyon olasilig1 = 0.05
Jenerasyon sayis1 200
Bagimsiz galistirma Her EDF tipi i¢in 5 deney

Tablo 4: Evrimsel Algoritma Parametreleri

Parametrelerin sabit tutulmas: farkli EDF tiirlerinin arama dinamikleri tUzerindeki etkisini
dogrudan karsilagtirmaya imkan verir.

3.3. Degerlendirme Metrikleri

Evrimsel siirecin bagarisini yalnizca en yiiksek uygunluk degerine sahip birey iizerinden
okumak yerine, analiz ¢ok boyutlu bir ¢ercevede yiiriitiilmiis. Burada dort temel dl¢iit devreye
girmektedir. 1ki uygunluk yakisamasi: en iyi ve ortalama uygunluk degerlerinin jenerasyonlar
boyunca nasil degistigi izlenmis. Bu metrik, algoritmanin arama hizi ve siire¢ ic¢indeki
kararlilig1 hakkinda fikir veriyor. Eger egri erken bir doygunluga ulasiyorsa kesif kapasitesinin
sinirh kaldigi anlasilirken, kademeli bir artis daha dengeli bir arama dinamigine isaret ediyor.
Ikinci 6lciit popiilasyon gesitliligidir. Bu da iki diizeyde ele alinmis: genotip uzayinda bireyler
aras1 Oklid mesafesi ve fenotip uzaymda goriintii dznitelik histogramlari arasindaki mesafe.
Genotip mesafesi genetik farklilagsmay1 nicel olarak ortaya koyarken, fenotip mesafesi gorsel
cesitliligi temsil ediyor. Bu iki mesafenin birlikte degerlendirilmesi, arama siirecinin ¢esitliligi
ne Olclide koruyabildigini gosteriyor. Bir baska deyisle, algoritma sadece tek tip ¢éziimlere mi
stkismaktadir yoksa farkli olasiliklar1 da barindirabiliyor mu, bu sorunun yanit1 bu metrikle
netlesmektedir.

Harici estetik degerlendirme kapsaminda, evrim sonunda elde edilen en iyi 10 birey, estetik
deger fonksiyonundan bagimsiz ¢alisan simiile edilmis bir uzman paneli tarafindan 1 ile 10
arasinda puanlanmistir. Bu degerlendirme ii¢ 6l¢ilite dayanmaktadir: orijinallik, kompozisyonel
biitiinliik ve gorsel ilginglik. Bu asama, igsel uygunluk 6l¢iitii ile digsal estetik yargi arasindaki
iliskiyi anlamaya ydneliktir. Yani algoritmanin kendi i¢inde yiiksek puan verdigi goriintiiler,
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insan benzeri bir estetik anlayisla da degerli bulunuyor mu, sorusu burada yanit buluyor. Son
olarak davramis haritalama teknigi uygulanmis. MAP-Elites yaklasimina benzer sekilde
bireyler, renk gesitliligi ve geometrik karmasiklik eksenlerinden olusan iki boyutlu bir davranis
uzayina yerlestirilmis. Bu haritalama, farkli estetik deger fonksiyonu tiirlerinin arama uzayini
hangi bolgelerde yogunlastirdigini gorsellestirmeyi hedeflmektedir. Boylece sadece en iyi
cozlimler degil, uzayin hangi boliimlerinin sistematik olarak kesfedildigi, hangi bolgelerin ise
bos birakildigi da ortaya konmus. Bu, algoritmanin kesif stratejisini anlamak a¢isindan oldukga
aciklayict bir yontem.

4. Bulgular ve Analiz

Deneysel siiregte dort farkli estetik deger fonksiyonunun evrim dinamiklerini nasil
sekillendirdigi go6zlemlendi. Nicel hesaplanabilir yaklasim, oOzellikle fraktal boyut
hedeflendiginde en hizli yakinsamay1 gosterdi. Yaklasik ellinci jenerasyonda popiilasyonun
tamamina yaki fraktal boyut degerlerini 1.68 ile 1.72 araligma sikistirmisti. Bu hizli
yakinsama beraberinde genotip ve fenotip cesitliliginde ciddi bir diisiis getirdi. Uretilen
goriintiiler dokusal olarak birbirine benzedi kompozisyon ve tema agisindan sinirli bir
varyasyon ortaya ¢ikti. Renk uyumu temel alindiginda da benzer bir tabloyla karsilasildi:
popiilasyon turkuaz-kirmizi ya da mor-sar1 gibi tamamlayici renk ¢iftlerine yoneldi ama form
diizeni ve kompozisyon yapist olduk¢a dar bir aralikta kaldi. Tek bir nicel Olgiite dayali
optimizasyonun arama uzaym belirli bir estetik banda sikistirdig1 agikca gériildii. Ogrenme
tabanli modelde ise durum farkliydi. AestheticNet ile yiiriitiilen siire¢ daha yavas ama istikrarl
ilerledi. Uretilen goriintiiler nicel yaklasima kiyasla daha dengeli kompozisyonlara, uyumlu
renk gecislerine ve bilingli kullanilmis bos alanlara sahipti. Ancak burada da baska bir sorun
belirdi: model egitim verisinden 6grendigi baskin estetik kaliplar1 yeniden iiretme egilimi
gosterdi. Ortalama giizellik anlayisina yaslanan bu yaklagim radikal yeniliklerin ve norm dist
arayislarin onii kesildi. Cesitlilik diizeyi nicel modele gore daha yiiksekti ama yine de belirli bir
stil araliginin digina ¢ikilamadi.

Etkilesimli insan degerlendirmeli yaklasimda tablo tamamen degisti. Simiile edilmis insan
yargist devreye girdiginde cesitlilik en iist diizeye ¢cikt1. Insan operatér zaman zaman dgrenme
tabanli modelden diisik puan alan ama ilging buldugu bireyleri secerek arama siirecini
beklenmedik yonlere tasidi. Bu durum yaratict sapmalarin ortaya ¢ikmasina olanak sagladi.
Ancak bu agik uclulugun bir bedeli vardi: tutarli bir stil gelisimi zaman zaman gecikti. Buna ek
olarak da siiregte yon kaybi ve dalgalanmalar gozlendi. Insan yargismin esnek yapisi kesif
kapasitesini artirirken ayni zamanda belirsizlik de iretti. Hibrit yaklagim ise en dengeli
performans: sergiledi. Ogrenme tabanli model yiizde 60 agirlikla merkeze konurken fraktal
boyut ve renk uyumu o6lgiitleri ylizde 20'ser pay aldi. Bu bilesim sayesinde yakinsama hizi
makul diizeyde kaldi, cesitlilik orta seviyede korundu ve en Onemlisi harici estetik
degerlendirme puanlari en yiiksek ortalamaya ulasti. Hibrit yap1 tek bir 6l¢iitiin baskinlagmasini
siirlayarak arama siirecini yonlendirirken asir1 daralmay1 da engelledi. Boylece kontrollii bir
kesif alan1 olustu.

Davranig haritalama analizi her yaklagimin arama uzayim farkli bi¢cimlerde taradigini net
bicimde ortaya koydu. Fraktal boyut temelli nicel yaklasimda bireyler geometrik karmagiklik
ekseninde cok dar bir bantta toplandi; renk cesitliligi ekseninde daha genis ama diizensiz bir
dagilim gdzlendi. Arama siireci yliksek fraktal boyut puani iireten belirli bir bolgeye sikisip
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kald1. Ogrenme tabanli modelde bireyler her iki eksende orta degerlere yakin kompakt bir kiime
olusturdu. Buras1 modelin gilivenli ve kanonik estetik alaniydi; u¢ noktalara yonelim yok
denecek kadar azdi. Etkilesimli insan degerlendirmeli yaklagimda ise bireyler davranig uzayimnin
en u¢ noktalarina kadar yayildi. Insan tercihleri arama siirecini dngériilemez ve deneysel
bolgelere tagidi. Hibrit yaklagimda 6grenme tabanli modele gore daha genis etkilesimliye gore
daha kontrollii bir dagilim ortaya ¢ikti. Coklu kriter yapist merkezi bolgenin disina ¢ikilmasina
izin verirken aramanmn tamamen dagimasini da engelledi. Harici uzman paneli
degerlendirmelerinde orijinallik 6lgiitiinde en yiiksek puani etkilesimli yaklagim alirken onu
hibrit yaklasim izledi; nicel ve 6grenme tabanli yaklagimlar daha diisiik ortalamalarda kaldi.
Kompozisyonel biitiinliikte 6grenme tabanli ve hibrit yaklagimlar 6ne ¢ikti etkilesimli yaklagim
ise yliksek varyans gosterdi. Gorsel ilginglikte yine etkilesimli ve hibrit yaklasimlar istatistiksel
olarak daha yiiksek ortalamalar elde etti. Bu bulgular estetik deger fonksiyonu tasariminin
evrimsel sanat liretiminde salt teknik bir ayrinti olmadigini yaratict potansiyelin sinirlarini
belirleyen temel yapi1 oldugunu kesin bicimde dogruluyor. Calismanin 6zgiin katkisi farkli
degerlendirme stratejilerinin arama uzayint nasil dondstiirdiglinii sistematik big¢imde
karsilastirarak, hibrit ve ¢ok Olgiitlii yaklagimlarin hem kesif kapasitesini hem de estetik
tutarlilig1 bir arada sunabilecegini gostermesidir.

5. Tartisma

Calismanin bulgulari, otomatik estetik optimizasyonun temel bir paradoksunu gozler oniine
seriyor: ne kadar keskin tanimlanmis ve optimize edilebilir bir estetik deger fonksiyonu
kurgularsak kurgulayalim, bu fonksiyon kaginilmaz olarak arama uzayim daraltmaktadir ve
iiretimleri kendi sinirlt 6ngoriilerinin kalibina dokiiyor. Nicel hesaplanabilir yaklagimlar insan
estetiginin katmanli dokusunu bir avu¢ matematiksel degiskene sikistirmaya ¢alisirken dogasi
geregi basarisizliga mahkumdur. Ogrenme tabanli modeller ise bunun tam tersi bir tuzaga
diisiiyor: biiyiik veriden devsirdikleri ortalama, kanonik estetik anlayisini yeniden iireterek bir
tiir estetik uyumculuga yol agiyorlar (Boden, 2004). Oysa sanat tarihi gercek yenilikgiligin ve
avangart atilimlarin tam da mevcut normlar1 ihlal etmekten dogdugunu gostermektedir. Bir
ogrenme tabanli modelin boyle bir ihlali yiiksek puanla ddiillendirme olasilig1 egitim verisinin
baskin egilimleri diisiiniildiigiinde oldukea diisiik. Bu paradokstan kaginmanin en dolaysiz yolu
olarak etkilesimli insan degerlendirmeli yaklasim dne ¢ikmaktadir. Insan yargismin esnekligi,
baglama duyarlilig1 ve 6ngoriilemezligi sayesinde acik uglu yaraticiligi taklit etme potansiyeli
en yiiksek yontemdir. Ne var ki bu potansiyel, pratikte ciddi bir engelle karsilasiyor: kullanict
yorgunlugu (Takagi, 2001). Hicbir insan ylizlerce jenerasyon boyunca yiizlerce gorseli
degerlendiremez. Bu nedenle popiilasyon boyutlari kiigiilityor, genetik siiriiklenme artmaktadir
ve kesif alan1 daralmaktadir. Calismamizda idealize edilmis bir insan modeli kullanmamiz, bu
sorunun biiyiikliigiinii hafife almamiza neden oldu. Iste tam bu noktada hibrit ve meta-seviye
stratejiler, bir ¢ikis yolu olarak belirmektedir. Bulgularimizda en dengeli performansi
sergileyen hibrit yaklasim, 6grenme tabanlit modelin giiciinii nicel Slgiitlerle harmanlayarak
hem kesif kapasitesini hem de estetik tutarliligi bir arada tutabildigini gosterdi. Buradan
hareketle daha ileri stratejiler diisiiniilebilir. Ornegin dinamik veya adaptif bir estetik deger
fonksiyonu, popiilasyonun c¢esitliligine gore kendi agirliklarint giincelleyebilir; ¢esitlilik
diistiigiinde yenilik veya sasirticilik kriterinin agirligi otomatik olarak artirilabilir (Lehman &
Stanley, 2011). Bir baska yol, cok amagli optimizasyon: estetik orijinallik, stilistik tutarlilik,
teknik karmagiklik gibi birbiriyle ¢elisen hedefleri ayr1 ayr1 amaglar olarak ele alip Pareto
cephesini kesfetmek. Tek bir en iyi ¢6ziim dayatmak yerine farkl niteliklere sahip bir ¢dztimler
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dizisi sunar. Bir diger secenek ise kiiratorlii evrim: algoritma temel bir nicel veya 6grenme
tabanli fonksiyonla genis bir arama yapar, ancak nihai se¢im ve diizenleme bir insan kiiratore
birakilir.

Bu yontem insan1 yorucu iteratif degerlendirme dongiisiinden kurtararak onu daha tist diizey bir
yonlendirme ve se¢im roliine tasir. Tiim bu stratejiler yapay zeka ile insan yaraticilig1 arasinda
daha verimli bir isbirliginin ipuglarim1 vermektedir. Ancak bu isbirliginin etik ve felsefi
boyutlarint da gbéz ardi etmemek gerek. Eger estetik deger algoritmik bir fonksiyona
indirgenebiliyorsa, bu onun nesnel bir temeli oldugu anlamina mi gelir? Sanat¢inin rolii
zamanla bir arama uzay1 mimarina veya kilavuz fonksiyon tasarimcisina mi evriliyor? Daha da
onemlisi, 6grenme tabanlt modellerin beslendigi veri setlerindeki tarihsel ve Kkiiltiirel
Onyargilar, algoritmanin iiretecegi gelecek sanatini goriinmez bigcimde sekillendirme riski
tasiyor (Bruyn vd., 2020). Bu sistemleri tasarlarken seffaflik ve elestirel farkindalik, yalnizca
teknik bir gereklilik degil, ayn1 zamanda etik bir sorumluluk olarak karsimizda duruyor.

6. Sonuc

Bu calisma, evrimsel algoritmalarin resimsel optimizasyonda kullaniminin, 6ziinde bir estetik
deger fonksiyonu tanimlama problemiyle i¢ ice gectigini ortaya koymaktadir. Simiilasyon
temelli kavramsal karsilagtirma, dort farkli degerlendirme stratejisinin arama uzayini ve
uretimleri kokten farkli bigimlerde sekillendirdigini gostermektedir. Nicel hesaplanabilir
olgiitler, 6zellikle fraktal boyut ve renk uyumu gibi tek boyutlu hedefler pesinde kosarken hizli
yakinsama saglad1 ama bunu gorsel repertuvari dar bir banda sikigtirarak yapti; popiilasyon kisa
stirede birbirine benzeyen, dokusal ve kompozisyonel agidan sinirli varyasyonlar iiretmeye
basladi. Ogrenme tabanli model ise daha farkli bir smirlilik getirdi: biiyiik veriden 6grendigi
kanonik estetik kaliplar1 yeniden iireterek kompozisyon biitiinliigli yiiksek, renk gecisleri
uyumlu ama alisildik, tanidik bir gorsel dil yaratti. Radikal yenilikler ve norm dis1 arayislar bu
sistemde dogal olarak cezalandirildi. Etkilesimli insan degerlendirmeli yaklasimda ise tablo
tamamen degisti: insan yargisinin esnekligi, zaman zaman diigiik puanli ama ilging bulunan
bireylerin se¢ilmesine olanak tanidi ve arama uzayinin en u¢ noktalarina kadar yayilan genis
bir ¢esitlilik ortaya ¢ikti. Ancak bu acik uclulugun bedeli, tutarli bir stil gelisiminin gecikmesi,
yon kaybi ve dalgalanmalar oldu. Hibrit model ise tiim bu ug¢ noktalar arasinda bir denge
kurmay1 basardi: 6grenme tabanli degerlendirmeyi merkeze alirken nicel olgiitlerle onu
cesitlendirerek hem makul bir yakinsama hizi hem orta diizeyde korunan ¢esitlilik hem de harici
uzman degerlendirmesinde en yiiksek puanlari elde etti.

Bu bulgular, ger¢ek anlamda yaratici bir evrimsel sistemin amacinin énceden tanimlanmig bir
optimumu bulmak olmadigini, bunun yerine kesfedilmemis ve ilham verici olasiliklarin
haritasini ¢ikarmak oldugunu gésteriyor. Iste bu noktada yonlendirilmis kesif kavranmi devreye
giriyor: arama siirecini tiimilyle rastgele birakmadan, ama ayni zamanda tek bir estetik anlayisa
da mahkiim etmeden, insanin sezgisel yonlendirmesi ile algoritmanin simirsiz sabir ve
birlestirme giiciinii bir araya getiren simbiyotik bir dongii. Bu dongiide hibrit, uyarlanabilir ve
cok amagli stratejiler belirleyici rol oynayabilir. Gelecek ¢alismalar, gorselin ilettigi duygu veya
ortiik anlami degerlendiren modelleri entegre edebilir; bir 6grenme tabanli modelin neden
belirli bir gorsele yiiksek puan verdigini gorsellestiren agiklanabilir yapay zeka teknikleri,
sanatgtya daha anlamli geri bildirim saglayabilir; sistemler, kullanici etkilesimlerinden veya
sosyal medya tepkilerinden gergek zamanli 6grenerek estetik deger fonksiyonlarini dinamik
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bicimde giincelleyebilir; hatta evrimlesen dijital tasarimlar, robotik sistemler araciligiyla
fiziksel resimlere doniiserek dijital-fiziksel arayiizlerde yeni ifade olanaklari yaratabilir.
Nihayetinde evrimsel algoritmalar ve resimsel optimizasyon, sanati otomatiklestirmenin bir
aract degil, insan yaraticithiginin smirlarin1 genisleten, sanatsal diislinceye yeni bir dil
kazandiran bir diisiinme ortagi olarak goriilmeli. Gergek kesif, haritanin sinirlarinin 6tesine
geemeyi gerektirir ve bu yolculukta en degerli kilavuz, hala insanin elestirel meraki ve estetik
yargisidir.

6.1. Gelecek calismalar su yonlere odaklanabilir:

Duygu veya Anlama Dayali EDF’ler: Gorselin ilettigi duygu veya ortiik anlami degerlendiren
modellerin entegrasyonu. Aciklanabilir Estetik Degerlendirme: Bir L-EDF’nin neden belirli bir
gorsele yiiksek puan verdigini gorsellestiren Agiklanabilir Yapay Zeka (XAI) teknikleri
sanatgiya daha iyi geri bildirim saglayabilir. Cevrimici Ogrenme ve Kiiltiirel Geri Bildirim:
Sistemin kullanici etkilesimlerinden veya sosyal medya tepkilerinden gergek zamanli olarak
estetik tercihleri 6grenerek EDF’sini dinamik bi¢imde giincellemesi. Fiziksel-Dijital Araytizler:
Evrimlesen dijital tasarimlarin robotik sistemler araciligiyla fiziksel resimlere doniistiiriildiigii
hibrit ortamlar.

Nihayetinde evrimsel algoritmalar ve resimsel optimizasyon sanati otomatiklestirmenin bir
araci degildir. Tam tersine insan yaraticiliginin sinirlarini genisleten ve sanatsal diisiinceye yeni
bir dil kazandiran bir diisiinme ortagi olarak degerlendirilmelidir. Gergek kesif haritanin
siirlarinin 6tesine gegmektir ve bu yolculukta en degerli kilavuz hala insanin elestirel meraki
ve estetik yargisidir.
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This research investigates the blending of artificial intelligence (Al)- aided adaptive learning environments in
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Yapay Zeka Destekli Resim Egitiminde Adaptif Ogrenme Ortamlari: Ogrenci Stil Geligimini
Modelleyen ve Geri Bildirim Ureten Kisisellestirilmis Sistemler

1. Introduction

The traditional pedagogy of painting—from the master-apprentice model of the atelier to
academic, studio-based courses—has always relied upon a cycle of observation followed by
imitation, practice followed by critique. This model works on the understanding that how
effective it is ultimately comes down to how good each individual teacher happens to be, their
level of experience and the amount of time they are able to devote to any single student (Eisner,
2002). Yet, growing class sizes, teaching material scarcity and each student’s unique learning
pace, stylistic preferences and developmental journey make the replication of this model at
scale and with depth a challenge. For students, common issues arise from inadequate feedback
that is delayed or lean on information; the self-assessment process being too subjective to
objectively judge their own progress; and an overall misunderstanding of how to course your
own path in your arts endeavour. Recent advancements in educational technologies, especially
Al (artificial intelligence) and machine learning have opened up new avenues to bridge these
gaps in the 21st century. These tools provide individualized learning pathways by adapting
content and difficulty based on each student's achievement and performance (Brusilovsky &
Millan, 2007). These systems have been extensively studied in graphic materials of
mathematical patterns, language learning, practical sciences etc., however, the application of
these tools in visual arts sporadically exists which is a new and unexamined field as qualitative
assessment computation, subjectivity neopragmatism and creativity are essentials here.

We build on the premise that state-of-the-art Al capabilities (image recognition, style analysis,
natural language processing) are now sufficiently mature to radically change painting education
and the development of "Adaptive Painting Education Environments" is no longer a pure
theoretical construct. But the concept of such a system raises deep pedagogical and technical
questions: How would a computer “understand” the techniques and aesthetics of a painting?
Can a student’s approach to the arts, i.e., “style development,” be modeled computationally?
Can machine learning based feedback fill the gap or augment intuitive, context aware
judgement of human instructor? Drawing on a conceptual and hypothetical system prototype
called “ArtTutorAl,” this article attempts to answer these questions. Focusing on defining, and
investigating the components, operation and impact of an Al-based adaptive painting learning
environment constitutes the main goal of this study.

2. Literature Review

Throughout history art has been highly regarded in the duality of teaching techniques while also
encouraging creativity. Unlike the academic tradition's imitation-focused (mimesis) pedagogy,
Modernist and Constructivist stances favored individual expression of self, process itself, and
exploration [Efland, 1990]. Today, good painting education practitioners walk this fine line
between the two poles. Along with the development of personal vision, we offer systematic
training in key principles (proportion, perspective, value, color theory). At the center of this
process are critique sessions, but practical realities constrain our ability to make these sessions
effective and frequent. Building the internal motivation and growth mindset of the student tends
to be one of the most effective at this stage, particularly in overcoming early frustrations
(Dweck 2006) Such pedagogical needs have to be directly addressed through the fundamental
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building blocks of adaptive learning systems that heavily rely on a combination of learner
model, domain model and the pedagogical model (Brusilovsky & Millan, 2007). By examining
data on how students interact with these models, artificial intelligence enhances them (Baker &
Inventado, 2014). Automated feedback systems are placed on the spectrum from rule-based
systems to natural language generation. But in open-ended disciplines like art and design, there
is no “right answer,” only more effective or appropriate expressions. As such, computational
analysis in visual arts presents with a different challenge.

Over the past decade, Al’s capacity for analyzing art has grown by leaps and bounds.
Convolutional Neural Networks have now learnt to separate the style (brushstroke, texture,
color distribution and composition) from the content of an image (Gatys et al., 2016). These
methods are successfully used for artist identification, period classification and forgery
detection (Crowley & Zisserman, 2014). When applied to a student’s work, these methods allow
you to quantify how closely any piece resembles a target style or technical quality. Regarding
skill assessment inbdrawing and painting, studies show that Al is capable of identifying and
classifying drawing accuracy (Agarwal et al., 2021), proportion (Fan et al., 2019) as well as
perspective errors (Xu et al., 2021). While there is a body of literature on computer-assisted
performance assessment in music education and automated essay scoring in writing education,
no complete adaptive system able to cover the global range of actions encompassed by painting
education within visual arts has been published yet. Our research specifically seeks to address
this gap. It synthesizes the existing literature to propose an integrated adaptive Al system model
exclusive to painting education and discusses its pedagogical and technical feasibility. The
ArtTutorAl system includes three essential modules and one loop of continuous learning as its
conceptual design.

The Style and Skill Diagnosis Module is first. It uses multi-layered processing to interpret an
uploaded image provided by the student or Canvas canvas progress (the latter not shown here).
In low-level feature extraction, it computes edge sharpness, color histograms, contrast,
saturation and local texture from traditional image processing methods and shallow CNN
layers. Mid-level composition analysis involves deeper CNN layers, visual attention maps (for
example Grad-CAM) and compositional rules (rule of thirds, golden ratio, balance, rhythm) to
analyze focal points, visual hierarchy along with positive/negative space used for asymmetry
or symmetry aka. negative space etc., and rhythm.I find the mid level composition analysis
easier than other methods. For high-level hierarchy of style and content classification, a CNN
trained on art history datasets classify the work in stylistic categories and in terms of process.
These models point out quite common beginner errors like perspective distortions, proportion
mistakes (in particular human figures), wrong colour temperatures and poorly used value
ranges. The output is an Artistic Feature Vector that has more than fifty dimensions.

Module 2: The Developmental Path Modeler By treating the vectors produced over time as a
sequence, we apply a recurrent neural network — in our case a Long Short Term Memory
architecture to analyse learn patterns. It computes progress metrics, establishes which technical
concepts are continually troublesome for students, and attempts to ascertain the special merit
combination that represents a budding personal style core in each student. These are a student-
specific dynamic graph of development and an algorithm (a model) that predicts further
directions in the students' development.
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Adaptive Feedback and Learning Path Generator (Module 3) It combines data from the first
two modules with a pedagogical knowledge base to generate personalized interventions.
Feedback types are diversified. Visual feedback provides specific interventions, such as
overlaying the correct lines on a malfunctioning perspective sketch or showing an area of color
imbalance next to alternative color palettes. On the technical side, procedural feedback is also
step-by-step advice. Structured exercise recommendations advocate individualized approaches
targeting specific weaknesses. Conceptual and historical connections also seek to take the
student beyond their technique with references to masterful artists. Well-trained struggle to
difficulty level suggests based on proficiency learner. Motivational adaptation adjusts feedback
language & tone (encouragement, technical framing, questioning) according nog the
development graph & possible frustration points. System does not work fully automated, a
hybrid model is planned. The student sends the work to their ArtTutorAl, who assesses and
provides feedback. Here, the student is given this feedback, considers it and resubmits their
work or does the suggested exercises. The instructor views the system-generated student
development summary, and this rich data allows him or her to concentrate on nuance,
conceptual depth, and personal interpretation that AI bots cannot derive. The ultimate
assessment and the last word is always that of humans, of instructors.

3. Results and Discussion: Impacts, Benefits and Risks

Such an enormous change is possible with a system like ArtTutorAl. Deep personalization and
scalabiity is it biggest boon. Each student receives continuous and precise virtual attention that
human instructors cannot provide in limited time frames. This enables personalised learning
journeys even in crowded classrooms. Another great thing about it is that you can assess
yourself objectively. Students can see their progress through tangible data instead of gut
feelings. My own experience indicates that seeing small measurable progress helps motivators
and emphasize a growth mindset (Dweck, 2006) Such a system also qualitatively transforms
the role of the instructor. Freed at least partially from the time-consuming grind of basic
technical evaluations, the teacher can devote effort to genuine human capabilities: artistic
interpretation, conceptual evolution and critical discourse. Furthermore, by spotting consistent
stylistic elements visible in students’ works early on, the system can expedite discovering an
individual’s artistic voice. This gives the student an intentional opening to develop her unique
voice.

But adopting artificial intelligence in art education presents grave hazards and ethical issues.
Perhaps most pressing is the risk of over-quantification. Art is many things, all difficult or
impossible to quantify: feeling, narrative, context, innovation. A system working on
quantifiable parameters alone can drive students to write "algorithmically beautiful" works that
lack soul, and aren't the result of a genuine desire to express an idea or feeling, but are instead
soulless and prescriptive. This risks reducing art, however, to an optimization problem.
Algorithmic bias is equally significant. These systems, however, are primarily trained on such
data comprising Western male historical artists. Instead, the system would impose their
aesthetic norms as universal standards. Non-Western, indigenous, or avant-garde traditions can
be construed as mistakes or lapses from this pattern. The risk of stifling student agency can’t
be overlooked either. Constant algorithmic feedback could undermine students’ ability to trust
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their own intuition, take risks and learn from failure. But sometimes artistic growth is about
bending the rules. Certain behaviours are not a trivial aspect of an authority: the system, in the
role of some algorithmic deity, should not talk down (with threat) against this rebellion. Another
area of concern includes data privacy and security. The entire artistic output of students, the
data on their development and even their emotional states would be recorded. The storage of
this highly personal data, the people who will own it and how it will be used, raises serious
ethical questions. And finally, if the model works really well, that these institutions will start
asking themselves whether they need human instructors. Such a move would eliminate the
human dimensions of art education, such as ingenuity, inspiration and role modeling.

The proposed system, namely ArtTutorAl precisely aims at balancing these potentials and risks.
The first module of the system, Style and Skill Diagnosis Module, assess the current state of a
student objectively and in multidimension. Technical competency and stylistic inclinations are
thereby mapped through analysis of low, mid, high level features. Technical error detection
helps the student to recognize patterns of errors early. This module mirrors the student’s own
practice in an objective manner, serving as the first phase of a personalized learning path. The
Developmental Path Modeler, the second module, goes beyond looking at one artwork to
showing development over time. Utilizing time-series models such as LSTM, it spots progress
trends, sticking points, and the developing personal style. Finding their own stylistic core — a
big deal in terms of making artistic identity — focuses the student away from imitating others
toward original expression. The third module, the Adaptive Feedback and Learning Path
Generator, uses diagnostic and developmental data in conjunction with pedagogical knowledge
to generate actionable outputs. The different types of feedback—visual, procedural, structured
exercise and conceptual connections—accommodate diverse learning preferences. Adapting
the difficulty level keeps the student from being presented with tasks either too easy or
impossibly difficult, helping to maintain the flow experience. Motivational adaptation takes
emotional state into account to improve feedback effectiveness.

But the most important part of the system is the hybrid model and human element. Key point:
ArtTutorAl is not a fully automatic system. The student submits work, and the system analyzes
it and provides feedback. The student takes that feedback, reflects on it, and reworks their
assignment or does suggested exercises. The instructor looks at the system generated Student
Development Summary and with this rich set of data, explores nuances, conceptual depth, and
personal interpretation that no Al can offer. Al should help the instructor do his or her work, it
should never replace an instructor. The final arbiter being human maintains the subjectivity and
contextual sensitivity of artistic evaluation. This is hopeless without the instructor, for it reduces
the system to pure technical automation and eliminates the transformative nature of art
education. In summary, a well-designed system like ArtTutorAl can represent a cornerstone in
the future of painting education if it is built on ethical values. However, realizing this potential
will require that we marry technology with pedagogical wisdom and a human-centered
approach. Al should be used to humanize art education, not mechanizing it.

4. Proposed Principles for Maintaining Balance

To mitigate the risks presented by the integration of systems such as ArtTutorAl in art
education, I propose five guiding principles for the design process. Complementarity Principle
—The system must beclearly seen not as a means of supplanting the teacherbut rather a means
of empowering one. The final judgment and qualitative assessment is always human. Al should
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be a supportive assistant serving the instructor’s pedagogical intuition and artistic judgment but
never replace them. By the principle of transparency and explainability, every feedback it
generates should be interpretable by the system to provide explantion with clear reasons. We
explain why "your perspective is wrong because these lines do not meet at this vanishing point."
This demystifies the system, builds trust with the student and develops their critical thinking.
The student becomes the object of process, not just a passive recipient through explainable Al
The idea of pluralism and customizability is that the instructor decides which criteria the system
emphasizes, and which stylistic categories it draws on according to pedagogical goals. The
freedom to select from diverse traditions like Western art, Islamic miniature or traditional
Chinese painting stops the system from mandating a uniform aesthetic comprehension. This
also preserves the instructor’s pedagogical autonomy, and forms the best defense against
algorithmic bias. The rest is to think about the fact that encouraging discovery means that you
cannot just have a whole system where something should follow rules, but there has to be some
mode of the system where even if your work takes parameters out of bounds or somehow
interestingly combines styles together, you are rewarded. This method, analogous to Lehman
and Stanley’s notion of novelty search, drives students out of conventions, towards risks that
would lead them to manifest their truest expression. This principle takes artist-centric view,
mediating between technical mastery and creativity, attuning to both the mind of doing art. The
highest level of student data ownership, privacy, and security is safeguarded under the principle
of data ethics. These data would ideally be anonymous, and never used for anything without
explicit consent from the student. It is a promise of digital privacy and it’s also respect for the
student. Read as a whole, these five principles reflect an insight that puts the human at the center
before placing technology in their service. Complementarity maintains the instructor’s role,
transparency empowers the student, pluralism embraces diverse aesthetics, allow for discovery
fosters creativity and data ethics provides the solid ground by which all of this is built on. The
ultimate aim of art education is to produce people who, though equipped with technical skills
are a real human beings and confident, critically thinking ones. That said, using Al as a partner
in making this happen is a promising approach but to do so we need the advice of such principles
through the design process. We must never lose sight of the fact that, no matter how advanced
someone’s technology may be, what matters most is how we use it and with what values we
apply to its shaping.

5. Conclusion

This research shows that Al-powered personalized learning settings can lead to highly impactful
changes in painting education but only within a context of a human-centered, critical and
cautious implementation. An ArtTutorAl can be a personal coach for the student and also a
deep analyst for an instructor. The student confronts objective information about their own
artistic practice, while the instructor, no longer burdened by time-consuming technical
assessments, zeros in on inherent human capabilities: aesthetic interpretation, conceptual
advancement and critical dialogue. But the system can never completely console or quantify
the uncertainty, subjectivity and spirit of rebellion that is part of art. These core characteristics
of art transcend time and culture; they are part of what it means to be human. So the final
judgment and qualitative appraisal must always rely on human, no matter how advanced
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technology can reach. Al is not meant to usurp the instructor, but rather enhance them. To my
mind, since the goal of art education should not just be painters that can paint because they have
a technical craft; rather, but the artists that emerge are genuine, self-aware and critical thinkers.
Several key directions of future research and development should be undertaken. In the first
domain, that of emotion and intention analysis, systems might act as if they have modules trying
to "understand" the emotional tone a painting conveys and/or what concept or ideas a student
wants to express. This perspective, above and beyond technical analysis alone, could make
feedback more practical and situational. Second, in supporting social and collaborative learning,
the system could help pair students with peers who are exploring similar stylistic territories or
complementary skills to their own during their digital workshop experience. Peer-to-peer
interaction and collaboration - skills necessary in the 21st century workplace today, add value
to art education as a social practice where support deepens learning. Third, in terms of physical
environment integration, closer integration with traditional painting practice could be achieved
by directly developing sensors and computer vision systems that record the usage of physical
canvas and paint (as opposed to a digital canvas), to augmenting based on how you use your
palette. These spaces, or intelligent studios if you will, allow for technology to be areintegration
tool rather than an alienation tool from the physical studio. Finally, studies of pedagogical
impact over the long-term are needed; longitudinal research that tracks how such systems affect
students’ artistic identity development and careers is crucial. By observing these systems over
long periods of time and with qualitative research, we might understand how valuable they are.
The principles of complementarity, transparency, pluralism, generativity, and ethics of data
proposed here are provisions to ensure that such systems stand on solid pedagogical and ethical
grounds rather than mere technological functionality. Complementarity reinforces the primacy
of the human teacher, transparency builds student trust and supports critical thinking, pluralism
is the best defense against algorithmic bias, discovery promotes creativity, and data ethics is
the bedrock upon which all of this rests. In conclusion, the aim of Al-assisted painting education
is not to create better painters, but more genuine and self-assured and critical artists. Technology
can be a tool for this journey—holding the map and lighting up the path—but it will always be
human learners who walk down the road and identify where they are headed. A system that
works needs to protect and even enhance this autonomy.
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Oz

Bu arastirma, yapay zeka (YZ) destekli adaptif 6grenme ortamlarinin geleneksel atdlye egitimi modelinin
sinirhiliklarini agmak {izere resim egitimine entegrasyonunu incelemektedir. Caligma, bireysel O6grenci stil
gelisimini siirekli izleyen modelleyen ve kisisellestirilmis gorsel sozlii ve uygulamali geri bildirim iireten
biitiinlesik bir sistemin teorik altyapisini teknik olanaklarmi ve pedagojik etkilerini arastirmaktadir. Temel
argliman, YZ’nin hem bir teknik ara¢ hem de dgrencinin sanatsal yolculugunu biligsel psikomotor ve duyussal
boyutlartyla anlayan ve bu yolda dinamik bir “dijital mentor” rolii iistlenebilecek bir 6grenme ortagi olarak
kavramsallastirilabilecegidir. Sistem Onerisi, derin 6grenme tabanli goriintii analizi (Evrisimli Sinir Aglari),
ogrenci eylemlerinin zamansal modellenmesi (Yinelemeli Sinir Aglari/LSTM’ler) ve kisisellestirme igin tavsiye
sistemleri tekniklerini bir araya getirmektedir. Kurgusal ancak gercekei bir prototip olan “ArtTutorAl” iizerinden
tanimlanan metodoloji, sistemin ii¢ temel bilesenini aciklar: (1) Stil Teshis Modiilii: Ogrenci ¢aligmalarim sanat
tarihi veri setleri ve pedagojik ilkeler 15181inda analiz ederek kompozisyon renk deger fir¢a kullanimi ve stilistik
egilimler iizerine nicel bir profil ¢ikarir. (2) Gelisimsel Yol Haritasi Modelleyici: Zaman igindeki galigmalart
karsilastirarak ilerleme hizini tekrarlayan zorluklari ve ortaya ¢ikan sanatsal “sesi” haritalar. (3) Adaptif Geri
Bildirim Ureteci: Teshis ve modelleme ¢iktilarina dayanarak 6grencinin mevcut seviyesine hedeflerine ve grenme
tarzina uygun alistirma Onerileri gorsel referanslar diizeltilmis kompozisyon ornekleri ve yapici elestiriler
olusturur. Bulgular, boyle bir sistemin dgrencilere siirekli ve tutarlt bir degerlendirme gercevesi sunarak 6zgiiven
ve 0z-yeterliligi artirabilecegini egitmenlere derinlemesine analitik bilgi saglayarak miidahalelerini stratejik hale
getirebilecegini gostermektedir. Ancak asirt nicellestirme riski sanatsal 6znelligin goz ardi edilmesi veri gizliligi
ve “algoritmik otorite”nin yaratic1 6zerkligi baskilama tehlikesi gibi dnemli pedagojik ve etik sorunlar da ortaya
¢itkmaktadir. Sonug olarak bu makale, YZ destekli adaptif resim egitiminin basarisinin teknolojik gelisim ile insan-
merkezli elestirel pedagoji ilkeleri arasinda hassas bir denge kurulmasina bagli oldugunu savunmaktadir. Sistem
ogrenciyi yonlendiren bir kilavuz olmali onun yerine karar veren bir hakem rolii iistlenmemelidir.

Anahtar Kelimeler: Yapay Zeka Destekli Egitim, Adaptif Ogrenme, Sanat Egitimi, Kisisellestirilmis Ogrenme,
Ogrenci Modelleme, Otomatik Geri Bildirim, Derin Ogrenme, Pedagojik Yapay Zeka.

e Giris

Geleneksel Geleneksel resim egitimi usta-¢irak iligkisine dayali atdlye modelinden akademik
stiidyo derslerine uzanan bir tarihsel siirecte temelde gdzlem, taklit, pratik ve elestirel geri

bildirim dongiisii izerine kuruludur. Bu modelin etkinligi egitmenin bireysel yetenegi deneyimi
ve Ogrenciye ayirabilecegi zamanla dogrudan iligkilidir (Eisner, 2002). Ancak sinif
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mevcudunun artmasi egitmen kaynaklarinin sinirlilig1 ve her 6grencinin benzersiz 6grenme hizi
stil tercihi ve gelisimsel yolculugu bu modelin O&lgeklenebilirligini ve derinlemesine
kigisellestirilmesini zorlagtirmaktadir. Ogrenciler siklikla yeterli ve zamaninda geri bildirim
alamama kendi ilerlemelerini nesnel olarak degerlendirememe ve kisisel sanatsal yonelimlerini
kesfetme konusunda rehberlik eksikligi gibi sorunlarla karsilagmaktadir. 21.ylizyilda egitim
teknolojilerindeki ilerlemeler 6zellikle de yapay zeka (YZ) ve makine 6grenmesi bu agiklar
kapatmak i¢in yeni imkanlar sunmaktadir. Adaptif Ogrenme sistemleri Ogrencinin
performansina ve ihtiyaglarina goére icerigi ve =zorlugu dinamik olarak ayarlayarak
kisisellestirilmis 6grenme yollar1 olusturmayi hedefler (Brusilovsky & Millan, 2007). Bu
sistemler matematik dil 6grenimi ve fen bilimlerinde yaygin olarak arastirilsa da nitel
degerlendirmenin 6znelligin ve yaraticiligin merkezde oldugu gorsel sanatlar egitiminde
uygulamalar1 nispeten yeni ve kesfedilmemis bir alandir.

Bu arastirmanin ¢ikis noktast mevcut YZ kapasitelerinin (goriintii tanima, stil analizi, dogal dil
isleme) resim egitimini doniistiirmek i¢in yeterli olgunluga ulastig1 ve “Adaptif Resim Egitimi
Ortamlar”nin (AREQO’lar) gelistirilmesinin artik teorik bir olasilik olmaktan ¢iktigidir. Ancak
bu tiir bir sistemin tasarimi1 derin pedagojik ve teknik sorular1 beraberinde getirir: Bir bilgisayar
bir resmin teknik ve estetik niteliklerini nasil “anlar”’? Bir 6grencinin sanatsal “stil gelisimi”
nicel olarak nasil modellenebilir? Otomatik iiretilen geri bildirim insan egitmenin sezgisel ve
baglamsal yargisinin yerini alabilir mi ya da onu nasil tamamlayabilir? Bu makale
“ArtTutorAI” adin1 verdigi kavramsal ve kurgusal bir sistem prototipini temel alarak bu
sorulara yanit aramaktadir. Calismanin temel amaci1 YZ destekli bir adaptif resim 6grenme
ortaminin bilesenlerini isleyisini ve olasi etkilerini tanimlamak ve analiz etmektir.

2. Literatiir Taramasi

Sanat Resim egitiminin tarihsel seyri teknik beceri aktarimi ile yaratici ifadeyi tesvik arasindaki
kadim gerilimle sekillenir. Akademik gelenegin taklit (mimesis) odakli pedagojisine karsilik
Modernist ve Yapilandirmaci yaklagimlar bireysel ifadeyi siirecin kendisini ve kesfi
oncelemistir (Efland 1990). Bugiin etkili bir resim egitimi bu iki kutbu ustaca dengeler. Oran
perspektif deger ve renk teorisi gibi temel ilkelerin sistematik 6gretimiyle kisisel vizyonun
gelistirilmesi bir arada yiriitiiliir. Elestiri seanslar1 bu siirecin kalbinde yer alir ancak pratik
kisitlar bu seanslarin niteligini ve sikligini sinirlar. Ogrencinin igsel motivasyonunu ve biiyiime
zihniyetini (growth mindset) beslemek 6zellikle baslangictaki hayal kirikliklarini agsmada hayati
bir 6nem tasir (Dweck 2006). Bu pedagojik ihtiyaclar adaptif 6grenme sistemlerinin temel
bilesenleriyle dogrudan kesisir. Zira bu sistemler 6grenen modeli alan modeli ve pedagojik
model ti¢liisii iizerine kuruludur (Brusilovsky ve Millan 2007). Yapay zeka 6grenci etkilesim
verilerini analiz ederek bu modelleri zenginlestirir (Baker ve Inventado 2014). Otomatik geri
bildirim sistemleri kural tabanl1 yaklasimlardan dogal dil liretimine uzanan bir yelpazede galisir.
Ne var ki sanat ve tasarim gibi agik uclu alanlarda dogru cevap diye bir sey yoktur sadece daha
etkili veya daha uygun ifadeler vardir. Bu nedenle gorsel sanatlarda hesaplamali analiz
benzersiz bir karmagiklik tasir.

Son on yilda yapay zekanin sanati analiz yetenegi olaganiistii mesafe kat etti. Evrisimli sinir
aglar1 bir gorilintlinlin stilini fir¢a darbesi doku renk dagilim1 kompozisyon ve igerigini ayirt
edebilecek diizeye geldi (Gatys ve ark. 2016). Bu teknikler sanat¢i tanima donem
smiflandirmasi ve sahte eser tespitinde basariyla kullaniliyor (Crowley ve Zisserman 2014). Bir
ogrenci ¢alismasina uygulandiginda bu yontemler eserin hedeflenen stile veya teknik standarda
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ne kadar yaklastigini nicel olarak dlgebilir. Cizim ve resim becerisi degerlendirmesi baglaminda
aragtirmalar yapay zekanin ¢izim dogrulugunu oran perspektif hatalarimi tespit edip
siiflandirabildigini gosteriyor (Fan ve ark. 2019 Xu ve ark. 2021). Miizik egitiminde otomatik
performans degerlendirmesi ve yazma egitiminde otomatik kompozisyon puanlamasi iizerine
zengin bir literatiir bulunmakla birlikte gorsel sanatlarda resim egitiminin tiim siirecini
kapsayan kapsamli bir adaptif sistem heniiz mevcut degil. Bu arastirma iste tam da bu boslugu
doldurmay1 hedefliyor. Mevcut literatiirii bir araya getirerek resim egitimine 6zgii biitlinlesik
bir adaptif yapay zeka sistemi modeli Oneriyor ve bu modelin pedagojik ve teknik
uygulanabilirligini tartisryor. Onerilen ArtTutorAl sistemi kavramsal bir tasarim olarak ii¢
temel modiil ve siirekli bir 6grenme dongiisii lizerine insa edilmistir. Birinci modiil stil ve beceri
teshis modiiliidiir. Ogrencinin yiikledigi resmi veya dijital tuvaldeki ilerlemeyi ¢ok katmanli bir
yaklagimla analiz eder. Diisiik seviye 6zellik ¢ikariminda geleneksel goriintii isleme teknikleri
ve s1g evrigimli sinir ag1 katmanlariyla kenar keskinligi renk histogrami kontrast doygunluk ve
lokal doku o6l¢iiliir. Orta seviye kompozisyon analizinde daha derin ESA katmanlart gorsel
dikkat haritalar1 ve kompozisyon kurallariyla odak noktalar1 gdrsel hiyerarsi alan dengesi ve
ritim analiz edilir. Yiiksek seviye stil ve i¢erik siniflandirmasinda ise sanat tarihi veri setleriyle
egitilmis bir ESA calismayi stilistik kategorilere ve igerik tiirline gore iliskilendirir. Teknik hata
tespiti icin 6zel modeller perspektif bozukluklar1 oran hatalar1 renk sicakligi karigikligi ve deger
araliginin yetersiz kullanimi gibi yaygin baslangic hatalarini belirler. Cikt1 olarak elliden fazla
boyuttan olusan nicel bir Sanatsal Ozellik Vektorii iiretilir. Ikinci modiil gelisimsel yol haritasi
modelleyicisidir. Zaman ig¢inde {iretilen bu vektorleri bir dizi olarak ele alan yinelemeli sinir
ag1 ozellikle Uzun Kisa Siireli Bellek mimarisi égrenme oriintiilerini analiz eder. ilerleme
metriklerini hesaplar hangi teknik konularda siirekli zorluk yasandigini tespit eder ve
ogrencinin kisisel stil ¢ekirdegini olusturan benzersiz 6zellik kombinasyonlarini saptamaya
calisir. Cikti olarak Ogrenciye 0zgli dinamik bir gelisim grafigi ve gelecekteki gelisim
yonelimlerini tahmin eden bir model {iretilir.

Ucgiincii modiil adaptif geri bildirim ve 6grenme yolu iiretecidir. {1k iki modiilden gelen verileri
pedagojik bir bilgi tabaniyla birlestirerek kisisellestirilmis miidahaleler iiretir. Geri bildirim
tiirleri ¢esitlendirilmistir. GOrsel geri bildirim hatal1 bir perspektif ¢izgisinin {izerine dogrusunu
bindirmek veya renk uyumsuzlugu olan alani alternatif renklerle gostermek gibi dogrudan
gorsel miidahaleler sunar. Prosediirel geri bildirim adim adim teknik Oneriler igerir.
Yapilandirilmis alistirma onerileri tespit edilen zayifliga yonelik kisisellestirilmis ¢alismalar
onerir. Kavramsal ve tarihsel baglantilar 6grencinin kullandig1 teknigi usta sanatcilarla
iliskilendirerek ufkunu genisletmeyi hedefler. Zorluk seviyesi adaptasyonu &grencinin
yeterlilik seviyesine gore Onerilerin karmagikligini otomatik ayarlar. Motivasyonel uyarlama
ise gelisim grafigine ve olas1 hayal kiriklig1 anlarina bagh olarak geri bildirim dilini ve tonunu
tesvik edici teknik odakli veya sorgulayici bigimde diizenler. Sistem tamamen otomatik iglemez
aksine karma bir model éngdriilmiistiir. Ogrenci ¢alismasini yiikler ArtTutorAl analiz eder ve
geri bildirim iiretir. Ogrenci bu geri bildirimi alir {izerine diisiiniir ve ¢alismasini revize eder
zengin veriyi kullanarak yapay zekanin yakalayamayacagi niianslara kavramsal derinlige ve
kisisel yoruma odaklanir. Nihai degerlendirme ve son s6z her zaman insana yani egitmene aittir.
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3. Bulgular ve Tartisma: Potansiyel Etkiler, Faydalar ve Riskler

Derinlemesine ArtTutorAl gibi bir sistem resim egitiminde kokli dontisiimler yaratma
potansiyeli tasir. En Onemli faydalarindan biri derinlemesine kisisellestirme ve
Olgeklenebilirliktir. Sistem her 6grenciye insan egitmenin sinirli zamaninda sunamayacagi
stirekli ve ayrintili bir sanal dikkat saglar. Bu sayede kalabalik siniflarda dahi bireysel 6grenme
yollar1 agilabilir. Nesnel 6z degerlendirme imkani da bir baska giiclii yandir. Ogrenciler sezgisel
hisler yerine somut verilerle ilerlemelerini izleyebilir. Kiiglik Slgiilebilir adimlar1 gérmek
motivasyonu besler ve biiyiime zihniyetini pekistirir (Dweck 2006). Egitmenin rolii de bu
sistemle niteliksel olarak doniisiir. Zaman alict temel teknik degerlendirmelerden kismen
kurtulan egitmen asil insana 6zgii yeteneklerine yani sanatsal yoruma kavramsal gelisime ve
elestirel diyaloga odaklanabilir. Ustelik sistem ogrencinin calismalarindaki tutarl stilistik
ogeleri erken tespit ederek kisisel sanatsal sesin kesfini hizlandirabilir. Ogrenci bdylece kendi
Ozgiin ifadesini bilingli olarak gelistirme firsat1 bulur. Ne var ki yapay zekanin sanat egitimine
entegrasyonu beraberinde ciddi riskler ve etik zorluklar getirir. Bunlarin basinda asiri
nicellestirme tehlikesi gelir. Sanat duygu anlam baglam ve yenilik gibi dl¢lilemeyen pek ¢ok
deger barindirir. Sistem yalnizca Olgiilebilir parametrelere odaklanirsa dgrencileri algoritmik
olarak giizel ama duygusuz ve kuralci isler iiretmeye itebilir. Bu sanati bir optimizasyon
problemine indirgeme riski tasir. Algoritmik Onyargi da bir o kadar onemlidir. Sistemin
egitildigi veri setleri ¢ogunlukla Batili erkek tarihi sanat¢ilardan olusur. Bu durumda sistem
onlarin estetik normlarini evrensel standartlar olarak dayatabilir. Bat1 dis1 yerli veya avangart
gelenekler hata veya sapma olarak yorumlanabilir. Ogrenci 6zerkliginin baskilanmasi riski de
goz ardi edilemez. Siirekli algoritmik geri bildirim 6grencinin kendi sezgilerine glivenmesini
risk almasini ve hatalarindan 6grenmesini engelleyebilir. Oysa sanat¢1 gelisimi bazen kurallar
cignemekten gecer. Sistem algoritmik otorite olarak bu isyani cezalandirict bir dil
kullanmamalidir. Veri gizliligi ve giivenligi de ayr1 bir sorun alanidir. Ogrencilerin tiim sanatsal
ciktilar1 gelisim verileri ve hatta duygusal durumlar1 kaydedilecektir. Bu son derece kisisel
verilerin nasil saklanacagi kime ait olacagi ve nasil kullanilacagi ciddi etik sorular dogurur. Son
olarak sistem ¢ok basarili olursa kurumlar insan egitmenlere olan ihtiyaci sorgulayabilir. Bu
durum sanat egitiminin empati ilham ve rol modellik gibi insani boyutlarinin tamamen goz ard1
edilmesi anlamina gelir.

Onerilen ArtTutorAl sistemi iste bu potansiyeller ve riskler arasinda bir denge kurmayi
hedefler. Sistemin ilk modiilii olan Stil ve Beceri Teshis Modiilii 6grencinin mevcut durumunu
nesnel ve ¢cok boyutlu olarak saptar. Diisiik orta ve yliksek seviye 6zelliklerin analiziyle hem
teknik yeterlilik hem de stilistik egilimler haritalandirilir. Teknik hata tespiti sayesinde 6grenci
tekrarlayan yanlhiglarini erken fark eder. Bu modiil 6grenciye kendi pratigine dair nesnel bir
ayna tutar ve kisisellestirilmis 6grenme yolunun ilk adimini olusturur. Ikinci modiil Gelisimsel
Yol Haritas1 Modelleyicisi tekil eser analizinin dtesine gecerek zamana yayilan gelisimi izler.
LSTM gibi zaman serisi modelleriyle ilerleme egilimleri takilinan noktalar ve ortaya ¢ikmaya
baslayan kisisel stil belirlenir. Ogrencinin kendi stil ¢ekirdegini kesfetmesi sanatsal kimlik
gelisimi agisindan kritiktir ¢linkii onu bagkalarini taklit etmekten 6zgiin ifadeyi bulmaya
yoneltir. Uciincii modiil Adaptif Geri Bildirim ve Ogrenme Yolu Ureteci teshis ve gelisim
verilerini pedagojik bilgiyle birlestirerek eyleme doniisen ¢iktilar iiretir. Gorsel prosediirel
yapilandirilmis alistirma ve kavramsal baglant1 bicimindeki geri bildirim tiirleri farkli 6grenme
stillerine hitap eder. Zorluk seviyesinin adaptasyonu 6grencinin ne ¢ok kolay ne de asilmaz
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derecede zor gorevlerle karsilasmasini engelleyerek akis deneyimini destekler. Motivasyonel
uyarlama ise duygusal durumu dikkate alarak geri bildirimin etkinligini artirir.

Sistemin en hayati unsuru ise hibrit model ve insanin roliidiir. ArtTutorAl tamamen otomatik
islemez. Ogrenci calismasini yiikler sistem analiz eder ve geri bildirim iiretir. Ogrenci bu geri
bildirimi alir ilizerine diisiinlir ve ¢alismasini revize eder veya Onerilen alistirmalart yapar.
Egitmen sistemin iirettigi Ogrenci Gelisim Ozetini gériir ve bu zengin veriyi kullanarak yapay
zekdnin yakalayamayacagi niianslara kavramsal derinlige ve kisisel yoruma odaklanir. YZ
egitmenin isini kolaylastiran bir aragtir asla onun yerini almaz. insanin son sdzii sdylemesi
sanatsal degerlendirmenin 6znelligini ve baglam duyarliligini giivence altina alir. Egitmen
olmadan sistem sadece teknik bir otomasyona doniisiir ve sanat egitiminin doniistiiriicii giiciinii
kaybeder. Sonu¢ olarak ArtTutorAl gibi bir sistem dogru tasarlandiginda ve etik ilkeler
gozetilerek uygulandiginda resim egitiminde devrim yaratma potansiyeline sahiptir. Ancak bu
potansiyelin gerceklesmesi teknolojinin pedagojik bilgelikle ve insan merkezli bir yaklagimla
biitiinlestirilmesine baglidir. YZ sanat egitimini insanilestirmek i¢in bir ara¢ olarak kullanilmali
onu mekaniklestirmek icin degil.

4. Dengeyi Saglamak I¢in Onerilen Ilkeler

ArtTutorAl gibi sistemlerin sanat egitimine entegrasyonunda riskleri en aza indirmek i¢in
tasarim siirecine yol gosterecek bes temel ilke Oneriyorum. Tamamlayicilik ilkesi sistemin
egitmenin yerini almak i¢in degil onu giliglendirmek amaciyla kurgulanmasini zorunlu kilar.
Nihai yargi ve niteliksel degerlendirme her zaman insana aittir. YZ egitmenin pedagojik
sezgisini ve sanatsal yargisini destekleyen bir asistan olarak kalmali asla onun Oniine
gecmemelidir. Seffaflik ve agiklanabilirlik ilkesi geregince sistem iirettigi her geri bildirimin
gerekeesini anlagilir bigimde ortaya koyabilmelidir. Perspektifin yanlis olmasiin nedeni su
cizgilerin su kacis noktasina yakinsamamasidir gibi agiklamalar O6grencinin hatasini
kavramasimi kolaylastirir. Bu yaklasim sistemi bir kara kutu olmaktan ¢ikarir dgrencinin
giivenini kazanir ve elestirel diistinmesini besler. A¢iklanabilir YZ sayesinde 6grenci pasif bir
alic1 degil siirecin Oznesi haline gelir. Cogulculuk ve Ozellestirilebilirlik ilkesi egitmenin
pedagojik hedeflerine goére sistemin hangi Ol¢iitleri vurgulayacagini hangi stil kategorilerini
kullanacagin belirleyebilmesini dngdriir. Bati sanat1 Islam minyatiirii Cin geleneksel resmi gibi
farkli gelenekler arasinda se¢im yapma esnekligi sistemin tek bir estetik anlayis1 dayatmasini
engeller. Bu ayn1 zamanda egitmenin pedagojik 6zerkligini korur ve algoritmik dnyargiya karsi
en giiglii savunmay1 olusturur. Kesfi tesvik ilkesi sistemin sadece kurallara uyan caligsmalari
degil ol¢iilen parametrelerde asiriliga kagan veya birden fazla stili ilging bicimde birlestiren
yenilikgi isleri de ddiillendiren bir mod igermesini zorunlu kilar. Lehman ve Stanley’in yenilik
arayis1 kavramiyla paralellik gosteren bu yaklasim 6grencileri alisilmisin digina ¢ikmaya risk
almaya ve kendi 6zgiin ifadelerini kesfetmeye yoneltir. Teknik miikemmellikle yaraticilik
arasindaki hassas dengeyi gozeten bu ilke sanat egitiminin ruhuna uygun bir perspektif sunar.

Veri etigi ilkesi 6grenci verilerinin sahipligi gizliligi ve giivenligini en iist diizeyde korumay1
hedefler. Tiim veriler anonimlestirilmeli 6grencinin agik rizast olmadan higbir amagla

kullanilmamalidir. Bu ilke dijital mahremiyetin gilivencesi oldugu kadar 6grenciye duyulan
sayginin da ifadesidir. Bu bes ilke birlikte ele alindiginda teknolojiyi insanin hizmetine
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sunarken insan1 merkezde tutan bir anlayisi1 yansitir. Tamamlayicilik egitmenin roliinii korur
seffaflik 6grenciyi giiclendirir ¢ogulculuk farkli estetikleri kucaklar kesfi tesvik yaraticiligi
besler veri etigi ise tiim bu yapinin {izerine insa edilecegi saglam temeli olusturur. Sanat
egitiminin nihai hedefi teknik becerilerle donanmis ama ayni1 zamanda 6zgiin 6zgiivenli ve
elestirel diisiinebilen bireyler yetistirmektir. YZ bu hedefe ulagmada giiclii bir miittefik olabilir
ancak bunun i¢in tasarim siirecinde bu tiir ilkelerin rehberligine ihtiya¢ vardir. Unutulmamalidir
ki teknoloji ne kadar gelismis olursa olsun asil belirleyici olan onu nasil kullandigimiz ve hangi
degerlerle sekillendirdigimizdir ( Ozdemir, 2022).

5. Sonug

Bu aragtirma yapay zeka destekli adaptif 0grenme ortamlarinin resim egitiminde koklii
doniistimler yaratma potansiyeli tagidigini ancak bu potansiyelin ancak insan merkezli elestirel
ve dikkatli bir yaklagimla gergege doniisebilecegini ortaya koymustur. ArtTutorAl gibi bir
sistem 6grenciye kisisel bir antrendr egitmense derinlemesine bir analist olarak hizmet edebilir.
Ogrenci kendi sanatsal pratigine dair nesnel verilerle karsilasir egitmen ise zaman alic1 teknik
degerlendirmelerden kurtulup asil insana 6zgii yeteneklerine yani sanatsal yorum kavramsal
gelisim ve elestirel diyaloga odaklanir. Ne var ki sistem sanatin 6ziinde yatan belirsizligi
oznelligi ve isyan ruhunu asla tam olarak yakalayamaz veya Olgemez. Sanatin bu temel
nitelikleri insan deneyimine ve ifadesine ickindir. Bu nedenle teknoloji ne kadar gelismis olursa
olsun nihai yarg:1 ve niteliksel degerlendirme her zaman insana ait olmalidir. YZ egitmenin
yerini almak i¢in degil onu giiglendirmek i¢in vardir. Unutulmamalidir ki sanat egitiminin
amaci sadece teknik becerilerle donanmig ressamlar yetistirmek degil ayn1 zamanda 6zgiin
ozgilivenli ve elestirel diisiinebilen sanatc¢ilar ortaya ¢ikarmaktir. Gelecekteki calismalar ve
gelistirmeler birka¢ temel yonde ilerlemelidir. Oncelikle duygu ve niyet analizi alaninda
sistemler bir resmin ilettigi duygusal tonu veya 6grencinin ifade etmeye calistigi kavramsal
niyeti anlamaya ¢alisan modiiller i¢erebilir. Salt teknik analizin Gtesine gecen bu yaklasim geri
bildirimi daha anlamli ve baglamsal hale getirebilir. Ikinci olarak sosyal ve isbirlik¢i 6grenmeyi
destekleme baglaminda sistem Ogrencileri benzer stilistik arayislarda olan veya tamamlayict
becerilere sahip akranlariyla eslestirebilir boylece dijital bir atdlye toplulugunun olugsmasina
katkida bulunabilir. Sanat egitiminin sosyal boyutu akran etkilesimi ve isbirligi yoluyla
zenginlesir bu tiir bir destek dgrenme deneyimini derinlestirir. Ugiincii olarak fiziksel ortam
entegrasyonu agisindan dijital tuvalin 6tesinde fiziksel tuval ve boya kullanimini izleyen
sensorler ve bilgisayarli gorii sistemleri gelistirilerek geleneksel resim pratigiyle daha yakin bir
entegrasyon saglanabilir. Akilli atolyeler olarak adlandirilabilecek bu ortamlar teknolojinin
fiziksel stiidyodan kopmadan onu zenginlestiren bir ara¢ olarak kullanilmasin1 miimkiin kilar.
Son olarak uzun vadeli pedagojik etki ¢aligmalar1 yapilmali bu tiir sistemlerin 6grencilerin uzun
vadeli sanatsal kimlik gelisimleri ve kariyerleri iizerindeki etkisini izleyen boylamsal
aragtirmalara ihtiya¢c vardir. Sistemlerin etkililigi ancak uzun vadeli gozlemlerle ve
derinlemesine nitel ¢aligmalarla anlasilabilir.

Onerilen tamamlayicilik seffaflik ¢ogulculuk kesfi tesvik ve veri etigi ilkeleri bu tiir bir sistemin
yalnizca teknik olarak islevsel degil ayn1 zamanda pedagojik ve etik agidan da saglam temellere
oturmasini hedefler. Tamamlayicilik insan egitmenin merkezi roliinii korur seffaflik 6grencinin
giivenini pekistirir ve elestirel diistinmesini destekler cogulculuk algoritmik dnyargiya karsi en
giiclii savunmay1 olusturur kesfi tesvik yaraticiligi besler veri etigi ise tiim bu yapinin {lizerine
inga edilecegi temeli saglar. Nihayetinde yapay zeka destekli resim egitiminin amaci daha iyi
ressamlar degil daha Ozgiin Ozgiivenli ve elestirel diigiinebilen sanatgilar yetistirmektir.
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Teknoloji bu yolculukta haritay1 tutan yolu aydinlatan bir arag olabilir ancak yolu yiiriiyecek
ve varacagl yeri sececek olan her zaman insan 6grencinin kendisidir. Basarili bir sistem bu
ozerkligi koruyarak ve gelistirerek hizmet etmelidir.
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Abstract

This paper we argue that ontological and ethical issues occur when using predictive algorithms to fill in historical
and material gaps in Al-based systems of historical painting restoration (inpainting), especially deep learning
models. Such technologies should therefore not be treated as either just a technological achievement, or
autonomously developed application of them, but rather an actual practice that is reconstituting what cultural
heritage and historical knowledge production means (or ontological character) of these. More sophisticated models
(GANSs, Diffusion Models) are beginning to produce plausible and intelligible complements that occupy the space
next to an incompletely or lost section of the image. But this “predictive archeology” raises familiar questions
about authenticity, intention, materiality and historical uncertainty. First, this paper unites strands of traditional
restoration ethics (e.g., Brandi 1963; Riegl 1903) with glimpses emerging from computer vision and deep learning
literatures (lizuka et al. 2017; Pathak et al. 2016). It then lays out its methodological frame, querying how
algorithm-driven decision-making processes, biases’ in training datasets and stochastic outputs foreground or
obscure “possible worlds” of restoration. Using conceptual tools like “digital palimpsest,” “speculative
authenticity” and “algorithmic nostalgia,” the study engages with questions of what type of historical
representations are possible via Al. The data show that the second work that results from Al-write completion does
not restore some idealized version of its original state but instead is rendered a new hybrid object sap with
contemporary data and aesthetic presumptions about works past. This gives over to the algorithmer what was once
part of the power held by the restorer, while forcing an audience to grapple with some illusion of “probability of
history.” THE CHALLENGE: A DEMAND FOR THE ETHICS IN ONTOLOGICAL AMBIGUITY AND THIS
TOWARDS ETA-PRACTICESTransparency, participation vs. secrecyTdAs bioengineering technology is
advancing quickly with multiple pressing ethical questions appearing increasingly more frequently in our daily
life, what we do not have are the ethics capable of confronting these transformation processes. Al restoration must
instead be understood not as a mode of repair but an avoidant field of “applied philosophy of history” that
instigates, via its interpretative extraction and representation, deep philosophical problems about cultural memory.
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1. Introduction

Cultural heritage preservation and transmission is among the most fraught of relationships in
humanity’s past with its material memory. Traditional restoration is the art of rehabilitating a
work of art aged by time nature or human hand through scientific testing historical documents
and expert judgment in a way that is both interventive and reverential. In Cesare Brandi's
(1963), well-known formulation, restoration according to the principle of potential unity is the
attempt to remake possible dado 1'artistico unita del lavoro respected its historical materiality
and that every intervention is distinguishable. This practice has never been free from ethical
dilemmas about authenticity originality reversibility of intervention and the dignity of historical
layers (Mufioz Vidas, 2005). Digital technologies first arrived in this field as tools of
documentation and analysis at the beginning of the 21st century, and later as instruments of
active intervention. The last decade deep learning based approaches particularly Convolutional
Neural Networks (CNNs), and Generative Adversarial Networks (GANs), have made Al-based
image processing waits at the start threshold of a deep revolution in restoration practice (Yang
et al., 2020). These techniques, known as predictive inpainting, will fill a missing region or
repair a damaged region of the image to allow for persuasiveness based on the image using
statistical properties learned elsewhere (Pathak et al. 2016; lizuka et al., 2017). It now feels
technically plausible to remove a crack in a Renaissance painting that completes a broken figure
in a fresco, or to repair an area of damage to a particular section of face in another portrait.

But this technical possibility comes with significant ontological and ethical concerns. Al is a
prediction not reality. This prediction is necessarily determined by the statistical distributions
of the datasets on which it was trained and with biases of the architecture selected by running
optimization in a randomized way. When the algorithm is asked how a hand was painted in the
Renaissance it spits out an average likely response calculated from thousands of said paintings.
But can this average hand substitute for the lost original? More importantly, how is this digital
completion changing the ontological status of the original artwork? [Is it just a physical object
or is it a hybrid of physical and digital layers?] This study attempts to position itself right on
this frontier. In essence, the central thesis of this study is that Al-based predictive inpainting
represents a form of speculative restoration that goes beyond mere conservation tool and that
this practice potentially challenges established preconceptions about what constitutes cultural
heritage preservation, how such preservation should be conducted and how we communicate
with the past. In this context, the main research questions are summarised in the table below.

No. Research Question

1 How do Al-based predictive inpainting algorithms challenge the fundamental principles of
traditional restoration ethics (authenticity distinguishability minimal intervention)?

2 How does the digital content produced by these algorithms transform the ontological status of the
original artwork? How can the concept of the digital palimpsest be used to explain this hybrid
entity?
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3 What kinds of biases and aesthetic norms do the datasets and statistical models underlying
algorithmic prediction risk reproducing while filling historical gaps?
4 What kind of new ethical and conceptual framework can be developed to govern this practice?
2. Literature Review

The bedrock for modern restoration theory was in place by the 19th century, around two
contrary poles. “Ruskin and Morris [1849]renounced restoration as destruction, wearing in its
place preservation which entails leaving the state as found” The French architect Eugene
Viollet-le-Duc, in contrast, had an obsessive interventionist agenda aimed at bringing a
structure to a complete and perfect state. This conflict, however, is one that can be gleaned from
the 1903 controversy between present-day value and historical value as defined by Alois Riegl.
For Riegl, the historical significance of a work lies in the patina and wear that have left their
marks of time but contemporary value stresses the aesthetic wholeness and usability of the
artifact. The flaw line is precisely the one that underscores contemporary negotiations of Al
restoration: for the algorithmic desiring machine, perfection comes with an inherent risk of
wiping out layers in history. Principles that would guide the field were laid down in mid-20th
century with Cesare Brandi’s work Teoria del Restauro. Restoration, Brandi maintains, must
consider the work of art as an aesthetics whole and a historical document. He also believed that
intervention should do no harm to the original material, must be visually distinguishable and
must restore the potential unity of the work. This method was at the core of many international
documents such as Venice Charter (1964). But as time passed, the firm boundaries Brandi had
in place would be called into question. In his contemporary restoration theory, Salvador Muifioz
Vinas points out that restoration is not an objective science but rather includes subjectivity and
that the meaning of the work is reconstructed in every generation (Muiioz Vifias 2005). This
view forms an important basis for interpreting the speculations on restorations generated by
artificial intelligence today because digital completion practice is exactly as Mufioz Vifias
determined a subjective act of meaning reproduction. Digital restorers began by adopting
traditional retouching techniques within the digital realm using photo editing software like
Photoshop. In this period, the emphasis was still on expert operators using manual methods and
decision trees to gain insight and conduct analyses, but deep learning particularly Convolutional
Neural networks became popularized leading towards autonomous systems. Applying CNN
with its Context Encoders paper, Pathak et al (2016) accomplished image completion for
missing parts in a semantically meaningful way. On the other hand, lizuka et al. (2017)
proposed models that parse/ context{(here)} local and global context separately.

The true revolution began with Generative Adversarial Networks. This method, which relies on
a generator network competing with a discriminator network, produced visually consistent and
aesthetically plausible results (Yu et al., 2018). Diffusion models have recently been proposed
as an alternative to GANs (Ho et al. 2020). These models which learn by progressively adding
noise to an image and reversing that process promise more diverse and higher quality results.
Such techniques have been applied in many projects especially speculative ones such as the
Next Rembrandt project or restoration techniques like those used to digitally complete the Night
Watch restoration on 2022 at The Hague. But all that technical progress came with ontological
and ethical issues of its own. As the technical literature thickened at a rapid pace general surveys
on the philosophical and ethical aspects of this practice remained few. By pointing out the
variable modular and programmable nature of digital objects, Manovich (2001) made radical
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the fact that this type of object is different from traditional art objects. Concept that focuses on
shared digital heritage as an Creation is evident in Cameron (2007), which separate cultural
heritages that seeks to be passive artifact vs active participatory digital process. Al restoration
additionally broadens the question of who reconstructs and under what heritage. Criticisms
most relevant point to algorithmic bias. Models trained largely on data from male artists in the
Western canon tend to impose these aesthetic norms when trying to bridge gaps that are
possession of other cultural traditions. Additionally predictive models risk homogenization with
their driving urge towards the average and canonical they can be aphrodisiac to history deleted
anomalies to experimentation and individual idiosyncrasies. Such a literature has historically
neglected to consider the ontological and ethical of Al-based restoration systematically within
a conceptual framework, disentangled from their technical capacities.

3. Methodology and Conceptual Framework

It uses a qualitative and conceptual research design. Instead of empirical data collection it seeks
to critically—ontologically and ethically—examine existing technologies theories and practical
case examples. Ontological inquiry and ethical dilemma mapping comprise the methodological
backbone. In the ontological inquiry, I explore the conditions of existence of an artwork
completed by Al. The big question is: what is this thing? Two conceptual tools are devised to
address this question. The first is what I call digital palimpsest.

A palimpsest is a piece of parchment which had been scraped clean and written on again, but
its previous writing can be seen through it. A layer of the Al algorithmic prediction should be
considered one such restoration modality, and much like painting on top of a deteriorated
surface, or vice-versa (in fact digitally apart from physical), an Al-restored artwork is in another
format ultimately composed of multiple layers: 1) A data entry structure that descends down to
a linked processing flow; 2) The original physical layer upon which the other layers lay; 3)
Layers of physical detritus elasticity and its restorative properties developed throughout time
building up employee generations; 4) And finally, at the absolute top without any depth beyond
slight fluctuations left above it all ready for reveal — the visual information. Every layer has a
different temporality causality and intention. Digital content is not organic unity with the
physical layer but is related through an interface. The other concept is speculative authenticity.
Traditional authenticity refers to the object’s originits process of formation and its material
continuity. The idea is pulled into the realm of speculation with AI completion. Authenticity,
though, no longer applies solely to what is original — it now also suggests something very
likely or contextually appropriate. And this runs counter to the majoritarian intuition of
expertise based drag authenticity. I suspect this distinction will prove vital for the legitimacy of
restorative practices to come. During the stage of mapping ethical dilemmas, I go through
concrete problems that arise from this practice from a Brandian principle-based perspective and
in light of contemporary ethical theories. The change of the principle of distinguishability is a
decisive threshold. In traditional restoration distinguishability is achieved by differences in
physical material or texture. Ability to be completed digitally doesn't change the surface it
appears on — that projection on a screen or separate digital file. In this context,
distinguishability becomes dependent on viewing mode that is toggling original and completed
versions vs metadata info of algorithm date + justification. This keeps the principle but changes
its form. The principle of minimal intervention, undergoes a similar metamorphosis. Intended
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to restrict physical intervention this principle is the least physical in a digital context in fact it
is zero. But the intervention can be a lot more in-depth and accurate semantically and visually.

A GAN can fill in a missing figure with such completeness and perfection that a traditional
restorer would never even attempt. This risks over-completion hiding the work’s historical wear
and uncertainty making it look new. Transparency and accountability are the direct issues to
AT’s behaviour as black box. On what data was it trained on? Can you explain why that one
pixel was selected to be that color, and that shape? An ethical restoration process must be
transparent, and decisions need to be justifiable. Thus, incorporating Explainable Al techniques
into this domain is crucial (Gunning et al., 2019). I also believe that users of these technologies
share the same ethical responsibility as their developers.

4. Case Studies and Findings

To ground the analysis, let me introduce two hypothetical but plausible cases. The first is a case
of documentary lacuna: a figure absolutely physically non-existent in a Renaissance painting
say an absent saint from a predella panel but effectuated by a model trained on other works by
the artist and stylistic characteristics of the period. Extensive superficial damage like scratches
or paint loss in the case of a portrait where the model tries to predict undamaged skin texture
falls under a second type of surface repair, known as damaged surface repair. When we question
in each case how the changing ontological status affects which ethical principles and values
dominate or are violated, and to what extent AR interpretation differs from human
interpretation, we find that completion through Al changes the work of art from a static object
into a crystallized form of a dynamic process. This is where the digital palimpsest metaphor
comes into its own: The underlying physical painting remains immutable as a signifier but the
digital completion layer can be switched on or off, its transparency altered, or it can be
supplanted with competing algorithmic variations contingent upon UI. This locates the work
not as an immutable fact but rather multiple potential manifestations dependent on the context
of viewing and where the identity of object moves from singularity toward plurality. For this
plurality, in my opinion, demands a radical rethinking of restoration ethics. The second
dimension of ontological change relates to time. This future-breaking, past-preserving thrust
has different valuations in a traditional work and Al completion: an heirloom to give one from
the past where an Al completion injects the work with something more forward-looking. The
algorithm is trained on historical data but the content it creates is a product of its technological
potential and dataset as of this moment. This gives the work a non-linear cyclical or layered
temporality. It becomes a time object, an artifact that embodies both past and future the
predicted at once. It is at this point that the idea of speculative authenticity completely alters
the viewer’s experience. When a museumgoer gazes upon a finished digital projection what
they encounter is not a historic actuality, but rather a high-resolution plausible reconstruction
of historical potential. The strength of this simulation is also its risk because the invisibility of
uncertainty and loss may result in a false impression about completeness and certitude for
history. I think this context also allows to question values like patina and traces of time that
traditional restoration has made sacred.

5. Ethical Principles at Algorithmic Frontiers

The trial of an Al restoration by traditional ethical principles fundamentally changes the forms
of these principles in order to maintain its spirit. And as soon as the intervention is digital its
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material principle of distinguishability through physical differences falls away because the
surface remains intact. The principle behind it can be upheld through interactive transparency.
An ethical Al restoration should permit the user to switch the digital layer on and off, view
alternative completion options and retrieve some basic metadata of algorithmic decision selects.
For example an attribution like “this completion was synthesized using a Stable Diffusion
model trained on the ArtNet dataset that holds 75 percent of 15th century Italian paintings”
turns restoration into an argumentative exchange. The principle of minimal intervention
presents a completely different problem. In the latter case "digital" process, for purely physical
purposes, means zero intervention; yet semantically/visually, it can be way more encompassing
than just that. Case studies indicate that models such as GANs tend to generate new yet
stylistically consistent elements that exceed the circumstance. The addition of a ring or located
fold not in the original while filling a missing hand is against the spirit of minimal intervention
as it not only fills what was lost but introduces further speculative content. I believe however
this risk of over-completion can only be mitigated through the human involvement of experts
active in sound design alongside critique of models outputs or else the algorithm will erase
historical wear and leave a work in appearing new. The second but most serious ethical problem
comes from the dataset bias. If, say, a model trained on Western-centric datasets is tasked with
completing a missing part of an African mask, it might impose European sculptural aesthetics
upon the object. The problem is a bit more subtle: templates can lead to the flattening of
historical diversity and experimentation into mean. Art history is full of innovators who broke
rules. An algorithm that finishes writing a missing Caravaggio work could learn his dramatic
use of chiaroscuro but be prevented from suggesting an extreme out-of-the-blue component in
the composition, because this isn’t something found in the summary of any average Caravaggio
held in the experience.

This desaturates history into what can only be statistically probable. In addition the authority
that rested in the traditional restoration with the restorator and art historian becomes
decentralized with Al. New actors arise: dataset curators, model architects, algorithm
developers and interface designers. Popular culture has rendered the restoration decision no
longer the interpretation of a single expert but the syntheses of this network of distributed actors.
This clouds accountability while opening up for interrogating the machine; trust that had been
deemed objective and neutral and was presumed to be algorithmic authority. I think this ethical
responsibility of this new network of actors must be documentable and auditable, the same as
it should in physical restoration.

6. Conclusion and Recommendations

This work has shown that Al-based predictive inpainting marks the point at which restoration
as practice transcends a purely technical evolution. Al does not just plug a hole, it creates an
expanse of potential and how we traverse that space speaks to our attitudes towards cultural
heritage. I contend that this technology pushes us to reconsider the ontology of heritage the
making of historical knowledge and our scrutiny of the past. So in response to the findings of
this study, I am going to suggest five principles that might inform a speculative ethics of
restoration. Hence, as a matter of ontological transparency, every Al completion must be clearly
marked as the result of speculation or probability model (algorithmically completed vs
restored). Yet, as the idea of pluralism and participatory suggests, algorithmic predictions as
well as traditional expert drawings should be presented side by side rather than presenting a
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single correct completion allowing viewers to grasp the nature of historical uncertainty and
interpretive dimension of restoration. The algorithmic accountability principle should keep
metadata like what architecture the employed model is built upon the extent and limitations of
the trained dataset and other variables motivating decision-making in a QR code or portal on
its website. The principle of bias awareness and diversity means that if you are doing a project
you need to actively interrogate cultural gendered and geographical biases in the datasets used
as well as working on increasing these (where possible), promoting models trained specifically
on certain cultural traditions rather than relying on one universal model. The logics of hybrid
expertise are to one extent or another imagined as a process that is not either algorithmic or
traditional but rather coordinated by a team — art historians politicians data scientists ethicists
and others who would undertake the heavy work of keeping what is at stake in any algorithmic
output continually in dialogue with human critique and selection. In the end Al-based painting
restoration should be treated not as a problem to solve but a philosophical question. It asks us
to think differently about loss the limits of prediction and how we could responsibly lovingly
animate the past without icing over or distorting it.

As we embrace this technology our goal should not be to fix the past but to have a richer more
honest conversation with it that embraces all its complexity beauty and incompleteness.
Historical gaps are not simply blanks in need of filling they are spaces for contemplation
imagination and reverence. I think this is the job of Al: not to eliminate these intervals, but to
light them up in meaningful ways.
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Bu arastirma yapay zeka (YZ) tabanli resim restorasyonu alaninda 6zellikle derin 6grenme modellerine dayali
tahmine dayali tamamlama (inpainting) algoritmalarinin, tarihsel ve maddi bosluklar1 doldurma pratigini ontolojik
ve etik acilardan elestirel bir analize tabi tutmay1 amaglamaktadir. Calisma bu teknolojilerin yalnizca teknik bir
basar1 olarak degil ayn1 zamanda kiiltiire] mirasin ontolojisini (varlik kosullarini) ve tarihsel bilginin {iretimini
yeniden sekillendiren bir pratik olarak anlagilmasi gerektigini savunmaktadir. Gelismis modeller (6r. GAN’lar,
Difiizyon Modelleri), hasarl1 veya eksik bir sanat eserinin mevcut baglamindan yola ¢ikarak olas1 ve gorsel olarak
tutarli tamamlamalar {iretme kapasitesine sahiptir. Ancak bu “tahmine dayali arkeoloji”, otantiklik, niyet,
maddesellik ve tarihsel belirsizlik gibi temel kavramlari sorgulamaktadir. Makale, oncelikle geleneksel
restorasyon etigi (Brandi, 1963; Riegl, 1903), ile bilgisayarli gorii ve derin 6grenme literatiiriinii (Pathak vd., 2016;
lizuka vd., 2017) sentezler. Ardindan, metodolojik bir ¢er¢ceve sunarak, algoritmik karar verme siire¢lerinin, veri
seti Onyargilarinin ve stokastik ¢iktilarin, restorasyonun “olanakli diinyalarini” nasil siirladigini veya garpittiginm
inceler. Calisma, “dijital palimpsest”, “spekiilatif otantisite” ve “algoritmik nostalgia” gibi kavramsal araglar
onererek, YZ’nin yaratabilecegi tarihsel temsillerin dogasina odaklanir. Bulgular, YZ-tamamlamasinin, yalnizca
bir eseri “eski haline getirmedigini”, ayn1 zamanda onu, ge¢cmise dair giincel veri ve estetik varsayimlarla yiikli
yeni bir hibrid nesneye doniistiirdiigiinii gostermektedir. Bu siireg, restoratoriin geleneksel otoritesini algoritmaya
devrederken, izleyiciyi bir “tarihsel olasilik™ illiizyonu ile kars1 karsiya birakir. Sonug olarak, bu makale, ontolojik
belirsizligi kabul eden, seffaflig1 ve katilimcilig1 dnceleyen yeni bir etik ¢ergevenin aciliyetini ortaya koymaktadir.
YZ restorasyonu, bir tamir aracindan ziyade, kiiltiirel bellegin yorumlanmasi ve temsiline dair derin felsefi sorular1
giindeme getiren bir “uygulamali tarih felsefesi” alan1 olarak degerlendirilmelidir.

Anahtar Kelimeler: Yapay Zeka Restorasyonu, Tahmine Dayali Tamamlama, Restorasyon Etigi, Kiiltiirel Miras
Ontolojisi, Derin Ogrenme, GAN, Spekiilatif Otantisite, Dijital Palimpsest.

1. Giris

Kiiltiirel Insanligmn maddi bellegiyle kurdugu en hassas iliskilerden biri kiiltiirel mirasin
korunmas1 ve aktarimidir. Geleneksel restorasyon zamanin doganin veya insan elinin yiprattigi
bir sanat eserini bilimsel analizler tarihsel belgeler ve uzman yorumu 15181nda miidahaleci ama
saygili bir sekilde iyilestirme pratigidir. Cesare Brandi'nin (1963) meshur tanimiyla restorasyon
potansiyel birlik ilkesi uyarinca eserin sanatsal biitiinliigiinii ancak tarihsel maddeselligine
saygi duyarak ve her miidahalenin ayirt edilebilir olmast kosuluyla miimkiin kilma c¢abasidir.
Bu pratik her zaman otantisite 6zgiinlik miidahalenin geri dondiiriilebilirligi ve tarihsel
katmanlarin sayginligi gibi etik ikilemlerle kusatilmistir (Mufioz Vifias, 2005). 21.yiizyilda
dijital teknolojiler bu alana 6nce belgeleme ve analiz araglari olarak ardindan da aktif miidahale
araclar1 olarak dahil oldu. Son on yilda ise derin 6grenme 6zellikle Evrisimli Sinir Aglar1 ve
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Uretici Cekismeli Aglar sayesinde yapay zeka tabanli gériintii isleme restorasyon pratiginde
radikal bir doniisiimiin esigine gelmistir (Yang vd. 2020). Tahmine dayali tamamlama olarak
adlandirilan bu teknikler bir goriintiideki eksik veya bozulmus bolgeyi goriintiiniin geri
kalanindan 6grenilen istatistiksel kaliplara dayanarak icerik ve doku agisindan inandirict bir
sekilde doldurmay1 amaglar (Pathak vd. 2016; lizuka vd. 2017). Bir ronesans tablosundaki
catlaklarin giderilmesi bir freskteki kopuk figiiriin tamamlanmasi veya bir portredeki hasarlt
yliz bolgesinin onarilmasi artik teknik olarak miimkiin goriinmektedir.

Ancak bu teknik olasilik beraberinde derin ontolojik ve etik sorular getirmektedir. Yapay zeka
bir tahmin sunar bir gergeklik degil. Bu tahmin egitildigi veri setlerinin istatistiksel
dagilimlarindan segilen mimarinin Onyargilarindan ve optimizasyon siirecinin stokastik
dogasindan kacinilmaz olarak etkilenir. Algoritma Rdnesans'ta bir el nasil ¢izilirdi sorusuna
binlerce Ronesans tablosundan tiirettigi ortalama olasi bir yanit verir. Peki bu ortalama el kayip
orijinalin yerini alabilir mi? Ya da daha da 6nemlisi bu dijital tamamlama orijinal eserin
ontolojik statiisiinii nasil degistirir? Eser artik yalnizca fiziksel bir nesne midir yoksa fiziksel
ve dijital katmanlardan olusan bir hibrid varlik midir? Bu arastirma tam da bu sinirda
konumlanmaktadir. Caligmanin temel argiiman1 YZ tabanli tahmine dayali tamamlamanin basit
bir konservasyon aract olmanin tesinde bir spekiilatif restorasyon pratigi oldugu ve bu pratigin
kiiltiirel mirasin ne olduguna nasil korunmasi gerektigine ve ge¢misle nasil bir diyalog
kurdugumuza dair yerlesik anlayislari temelden sarsabilecegidir. Bu baglamda aragtirmanin
temel sorular1 agagidaki tabloda 6zetlenmistir.

Soru Soru Metni

No

1 Yapay zeka tabanli tahmine dayali tamamlama algoritmalar1 geleneksel restorasyon
etiginin temel ilkeleri (otantisite ayirt edilebilirlik minimal miidahale) karsisinda nasil bir
meydan okuma olusturmaktadir?

2 Bu algoritmalarin {irettigi dijital igerik orijinal sanat eserinin ontolojik statiisiinii nasil
doniistiiriir? Dijital palimpsest kavrami bu hibrid varligi aciklamak igin nasil
kullanilabilir?

3 Algoritmik tahminin dayandig1 veri setleri ve istatistiksel modeller tarihsel bosluklari
doldururken hangi tiir dnyargilar1 ve estetik normlar1 yeniden tiretme riski tagir?

4 Bu pratigi yonetmek i¢in nasil bir yeni etik ve kavramsal ¢ergeve gelistirilebilir?

Tablo 1: Arastirmanin temel sorulari
2. Literatiir taramasi

Modern restorasyon teorisinin temelleri 19. ylizyilin iki karsit kutbunda sekillenir. John Ruskin
ve William Morris restorasyonu bir yikim bi¢imi olarak niteleyip korumayr yani mevcut
durumun oldugu gibi muhafaza edilmesini savunurken (Ruskin, 1849), Fransiz mimar Eugene
Viollet-le-Duc bir yapiy1 tam ve eksiksiz bir duruma getirmeyi amaglayan miidahaleci anlayisin
onciiligiinii yapmistir. Bu gerilim Alois Riegl'in 1903 tarihli cagdas deger ile tarihsel deger
ayriminda agikca goriiliir. Riegl'e gore bir eserin tarihsel degeri zamanin izlerini tasiyan
patinada ve yipranmislikta sakliyken ¢agdas deger eserin estetik biitiinliigiine ve iglevselligine
vurgu yapar. Bu ikilik aslinda giiniimiizde yapay zeka destekli restorasyon tartigmalarinin da
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oziinili olusturur. Zira algoritmalarin miikemmellestirme arzusu tarihsel katmanlar1 silme riski
tagir.

20.ylizy1lin ortalarinda Cesare Brandi Teoria del Restauro adli eseriyle alana yon veren ilkeleri
ortaya koydu. Brandi restorasyonun sanat eserini hem estetik bir biitiin hem de tarihsel bir belge
olarak ele almasi gerektigini sdyler. Ona gore miidahale orijinal malzemeye zarar vermemeli
acikca ayirt edilebilir olmali ve eserin potansiyel birligini geri kazandirmalidir. Bu yaklagim
Venedik Tiiziigii (1964), basta olmak iizere bir¢ok uluslararasi belgenin omurgasini olusturdu.
Ancak Brandi'nin ortaya koydugu kesin smirlar zamanla sorgulanmaya baglandi. Salvador
Muioz Vifias ¢agdas restorasyon teorisinde restorasyonun nesnel bir bilim olmadigimi tam
tersine 6znellik barindirdigini ve eserin anlaminin her kugakta yeniden insa edildigini vurgular
(Mufioz Vidas, 2005). Bu bakis agis1 gilinlimiizde yapay zekanm irettigi spekiilatif
restorasyonlar1 anlamlandirmak icin de kritik bir zemin sunar. Zira dijital tamamlama pratigi
tipk1 Mufioz Vifas'in betimledigi gibi anlamin yeniden tiretildigi 6znel bir siiregtir.

3. Dijital ve yapay zeka tabanh restorasyon teknikleri

Dijital restorasyonun ilk adimlar1 Photoshop gibi fotograf isleme yazilimlariyla geleneksel retus
yontemlerinin dijital ortama aktarilmasiyla atildi. Bu evrede uzman operatoriin el becerisi ve
karar alma siireci belirleyiciydi ancak derin 6grenmenin 6zellikle Evrisimli Sinir Aglarinin
yiikselisi alan1 otonom sistemlere dogru doniistlirdii. Pathak ve arkadaslar1 (2016), Context
Encoders calismasinda ESA kullanarak eksik goriintii parcalarini semantik olarak anlamli
bicimde tamamlamay1 basardi. lizuka ve arkadaslar1 (2017), yerel ve kiiresel baglami birlikte
isleyen mimariler 6nerdi. Asil sigrama Uretici Cekismeli Aglarla yasandi. Bir iiretici ag ile bir
ay1rt edici agin ¢ekismesine dayanan bu yontem gorsel olarak tutarli ve estetik agidan ikna edici
sonuclar tiretti (Yu vd., 2018). Son donemde GANIlara alternatif olarak difiizyon modelleri
ortaya ¢ikt1 (Ho vd., 2020). Goriintiiye kademeli giiriiltii ekleyip bu siireci tersine gevirerek
ogrenen bu modeller daha ¢esitli ve yiiksek kaliteli sonuglar vaat ediyor. Bu teknikler The Next
Rembrandt projesi gibi spekiilatif yeniden yaratimlardan Lahey'deki Night Watch
restorasyonunda kullanilan dijital tamamlamalara kadar cesitli uygulamalarda kendine yer
buldu. Ancak tim bu teknik ilerleme beraberinde ontolojik ve etik sorulari getirdi.Teknik
literatiir hizla kalinlagirken bu pratigin felsefi ve etik boyutlarina dair kapsamli ¢aligmalar
seyrek kaldi. Manovich (2001), dijital nesnelerin degisken modiiler ve programlanabilir
dogasin1 vurgulayarak bunlarin geleneksel sanat nesnelerinden radikal farkini ortaya koydu.
Cameron (2007), dijital teknolojilerin kiiltiirel miras1 pasif nesneden aktif katilimci siirece
doniistiirdiigiinii savundu.

YZ restorasyonu mirasin kim tarafindan ve neye gore yeniden olusturuldugu sorusunu daha
karmagik hale getiriyor. En kritik elestiriler algoritmik dnyargi iizerine odaklaniyor. Agirlikli
Batili erkek sanat¢i verisiyle egitilen modeller diger kiiltiirel geleneklere ait bosluklar
doldururken bu estetik normlar1 dayatma riski tastyor. Ustelik tahmine dayali modeller ortalama
ve kanonik olana yonelme egilimiyle tarihsel aykiriliklari deneyselligi bireysel tuhafliklar:
silebilir. Bu caligma s6z konusu literatiirii bir araya getirerek YZ tabanli restorasyonun ontolojik
ve etik boyutlarimi teknik kapasitelerden ayr1 diisinmeden sistematik ve kavramsal bir
cercevede analiz etmeyi hedefliyor.
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3.1. Yontem ve Kavramsal Cerceve

Bu c¢aligma nitel ve kavramsal bir arastirma deseni benimsiyor. Ampirik veri toplamak yerine
mevcut teknolojileri teorileri ve pratik vaka 6rneklerini ontolojik ve etik agidan elestirel analize
tabi tutmay1 hedefliyor. Metodolojik omurgay1 ontolojik sorgulama ve etik ikilemlerin
haritalanmasi1 olusturuyor. Ontolojik sorgulamada YZ tamamlamasina ugramis bir sanat
eserinin varlik kosullarini inceliyorum. Temel soru su: Bu nesne nedir? Bu soruyu yanitlamak
icin iki kavramsal ara¢ gelistiriyorum. ilki dijital palimpsest. Palimpsest iizeri kazinarak
yeniden yazilmis ama alt katmandaki yazilarin izleri hala goriilebilen parsomendir. YZ ile
restore edilmis bir eser de benzer sekilde fiziksel orijinal katman fiziksel restorasyon ve
bozulma katmanlar1 ve en ustte dijital algoritmik tahmin katmanindan olusan ¢ok katmanl bir
yapidir. Her katman farkli bir zamana nedensellige ve niyete igaret eder. Dijital katman fiziksel
katmanla organik biitiinliik i¢inde degil arayiiz iizerinden iliski kurar. ikinci kavram spekiilatif
otantisite. Geleneksel otantisite nesnenin kdkenine yapim siirecine ve maddesel siirekliligine
atifta bulunur. YZ tamamlamasi bu kavrami spekiilatif alana ¢eker. Artik otantisite yalnizca
orijinal olan degil ayn1 zamanda olasiliklar1 yiiksek olan veya baglamsal olarak tutarli olanla
iligkilenir. Bu istatistiksel bir otantisite bi¢cimidir ve sezgisel uzman tabanli otantisiteden ayrisir.
Kanimca bu ayrim gelecekteki restorasyon pratiklerinin mesruiyet zemini agisindan belirleyici
olacak.

Etik ikilemlerin haritalanmas1 asamasinda pratigin yol agtig1 somut sorunlar1 Brandigil ilkeler
ve cagdas etik teoriler 1s181nda sistematik bicimde ele aliyorum. Ayirt edilebilirlik ilkesinin
doniistimii kritik bir esik. Geleneksel restorasyonda ayirt edilebilirlik fiziksel malzeme veya
dokudaki farkla saglanir. Dijital tamamlama fiziksel ylizeyi degistirmez ekran {izerinde bir
projeksiyon veya ayr1 bir dijital dosyadir. Bu durumda ayirt edilebilirlik goriintiileme moduna
yani orijinal ve tamamlanmig modlar arasinda gecis yapabilmeye veya meta veriye algoritma
tarih gerekce bilgisine bagli hale gelir. Bu ilkenin ruhunu korurken bi¢imini degistirir. Minimal
miidahale ilkesi de benzer bir doniisiim gegiriyor. Fiziksel miidahaleyi sinirlamay1 hedefleyen
bu ilke dijital ortamda fiziksel olarak minimaldir hatta sifirdir. Ancak semantik ve gorsel olarak
miidahale ¢ok daha kapsamli ve kesin olabilir. Bir GAN kayip bir figiirii geleneksel bir
restoratOriin asla yapmayacagi kadar eksiksiz ve kusursuz bigimde olusturabilir. Bu asirt
tamamlanma riski tasir eserin tarihsel yipranmishigini belirsizligini yok ederek onu yeni gibi
gosterebilir. Seffaflik ve hesap verebilirlik ise YZnin kara kutu olma egilimiyle dogrudan ilgili.
Hangi veri setiyle egitildi? Hangi pikselin neden o renk ve sekilde secildigi agiklanabilir mi?
Etik bir restorasyon siirecin seffaf olmasin1 ve kararlarin gerekgelendirilebilmesini zorunlu
kilar. Aciklanabilir YZ tekniklerinin bu alana entegrasyonu bu nedenle hayati dnem tagir
(Gunning vd., 2019). Ben bu teknolojilerin gelistiricileri kadar kullanicilarinin da etik
sorumluluk tasidigini diistiniiyorum.

4. Vaka Analizleri ve Bulgular

Kavramsal ¢erceveyi somutlastirmak i¢in iki kurgusal ama gergekei vaka tizerinde diisiinelim.
[lki belgesel eksiklik vakasi: Bir Rénesans tablosunda fiziksel olarak tamamen yok olmus bir
figlirlin ayn1 sanat¢inin diger eserleri ve donemin stil 6zellikleriyle egitilmis bir modelle
tamamlanmas1 mesela bir predella panosundaki kayip aziz. Ikincisi hasarli yiizeyin tamiri
vakasi: Bir portredeki genis yiizeyel bir hasarin ¢izik veya boya dokiilmesinin giderilmesi
model bozulmamis cilt dokusunu tahmin etmeye ¢alisir. Her vakada ontolojik statii nasil degisir
hangi etik ilkeler baskin gelir veya ihlal edilir algoritmik karar insan yorumundan nasil
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farklilagir sorularini sordugumuzda YZ tamamlamasinin sanat eserini statik bir nesne olmaktan
cikarip dinamik bir siirecin kristallesmis hali haline getirdigini goriiyoruz. Dijital palimpsest
metaforu burada aydinlaticidir: fiziksel tablo gosterge olarak sabit kalirken dijital tamamlama
katmani1 kullanici arayiiziine bagli olarak agilip kapanabilir seffaflig1 degistirilebilir veya farkli
algoritmik versiyonlarla degistirilebilir. Bu eseri sabit bir gergeklikten ziyade goriintiileme
baglamina bagh bir dizi olas1 goriiniim olarak konumlandirir ve nesnenin kimligi tekillikten
cogulluga dogru kayar. Bence bu cogulluk restorasyon etiginin yeniden diisliniilmesini zorunlu
kiliyor.

Ontolojik doniisiimiin ikinci boyutu zamanin dogastyla ilgili. Geleneksel bir eser gegmisten
gelen bir emanetken YZ tamamlamasi esere gelecekten bir enjeksiyon yapar. Algoritma gegmis
verilerden 6grenir ancak irettigi icerik o anki teknolojik kapasitenin ve veri setinin bir
iriiniidiir. Bu eserde kronolojik olarak lineer olmayan siklik veya katmanli bir zaman anlayisini
dayatir. Eser hem ge¢cmisi hem de gelecegi tahmini ayn1 anda temsil eden bir zaman nesnesi
haline gelir. Spekiilatif otantisite kavrami da tam bu noktada izleyici deneyimini radikal
bicimde degistirir. Bir miize ziyaret¢isi tamamlanmus dijital bir projeksiyona baktiginda tarihsel
bir gerceklikle degil yiiksek ¢oziiniirliiklii ikna edici bir tarihsel olasilik simiilasyonu ile karsi
karsiyadir. Bu simiilasyonun giicli ayn1 zamanda tehlikesidir ¢iinkii belirsizligi ve kaybi
goriinmez kilarak ge¢cmige dair yanlis bir tamamlik ve kesinlik duygusu yaratabilir. Kanimca
bu durum geleneksel restorasyonun kutsadigi patina ve zaman izi gibi degerleri de sorgulamaya
acar.

5. Etik ilkelerin Algoritmik Sinirlar

YZ restorasyonunun geleneksel etik ilkelerle imtihani ilkelerin ruhunu korurken bigimlerini
kokten degistiriyor. Ayirt edilebilirlik ilkesi fiziksel malzemedeki farkla saglanirken dijital
miidahale fiziksel yiizeyi degistirmedigi i¢in bu ilke anlamini yitiriyor. Ancak ilkenin ruhu
etkilesimli seffaflikla korunabilir. Etik bir YZ restorasyonu kullanicinin dijital katmani acip
kapatmasina farkli tamamlama seceneklerini gérmesine ve algoritmik karar siirecine dair temel
meta veriye erismesine olanak tanimalidir. Ornegin bu tamamlama 15. yiizyil Italyan
resimlerinin yiizde 75'ini igeren ArtNet veri setiyle egitilmis Stable Diffusion modeli
kullanilarak olusturulmustur gibi bir agiklama restorasyonu sorgulanabilir bir diyaloga
doniistliriir. Minimal miidahale ilkesi ise bambagka bir agmaz yaratiyor. Fiziksel olarak sifir
miidahale anlamina gelen dijital islem semantik ve gorsel olarak ¢ok daha kapsamli olabilir.
Vaka analizleri GAN gibi modellerin baglamin tesine gegen yeni ama stilistik uyumlu 6geler
icat etme egiliminde oldugunu gdsteriyor. Kayip bir el tamamlanirken orijinalde olmayan bir
yiiziik veya kivrim eklenmesi minimal miidahale ruhuna aykiridir ¢iinkii sadece kaybi
gidermekle kalmaz yeni spekiilatif igerik ekler. Bence bu asir1 tamamlanma riski ancak insan
uzmaninin aktif katilimi ve model ¢iktisinin titiz elestirisiyle kontrol edilebilir aksi halde
algoritma tarihsel yipranmislig: silerek eseri yeni gibi gosterme tehlikesi tasir. En ciddi etik
sorun veri seti dnyargisindan kaynaklaniyor.

Bat1 merkezli veri setleriyle egitilmis bir model Afrika maskesindeki eksikligi tamamlarken
Avrupa heykel estetigini dayatabilir. Daha incelikli bir sorun ise modellerin tarihsel ¢esitliligi
ve deneyselligi ortalamaya indirgeme egilimidir. Sanat tarihi normlar1 kiran yenilikgilerle
doludur. Caravaggio'nun kayip bir eserini tamamlayan algoritma onun dramatik 151k golge
kullanimimi 6grenebilir ama kompozisyondaki radikal beklenmedik bir 6geyi asla tahmin
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edemeyebilir ¢iinkii bu veri setindeki ortalama Caravaggio'da bulunmaz. Bu tarihi istatistiksel
olarak olas1 olana indirgeyerek diizlestirir. Ustelik geleneksel restorasyonda restoratdr ve sanat
tarih¢isi arasinda smurli olan otorite YZ ile birlikte dagiliyor. Veri seti kiiratdrleri model
mimarlart algoritma gelistiricileri ve arayiiz tasarimcilart gibi yeni aktorler devreye giriyor.
Restorasyon karari artik tek bir uzmanin yorumu degil bu daginik aktorler aginin kolektif tiriinii.
Bu durum hesap verebilirligi karmasiklastirirken nesnel ve tarafsiz oldugu varsayilan makine
cikarimima duyulan giliveni yani algoritmik otoriteyi sorgulamaya agiyor. Kanimca bu yeni
aktorler agmin etik sorumlulugu da tipki fiziksel restorasyondaki gibi belgelenebilir ve
denetlenebilir olmalidir.

Sonuc ve Oneriler

Bu arastirma yapay zeka tabanli tahmine dayali tamamlamanin restorasyon pratigini teknik bir
ilerleme olmanin 6tesine tagidigini gosterdi. YZ bir boslugu doldurmaz aksine olasiliklarla dolu
bir alan acar ve bu alani nasil yonettigimiz kiiltiirel mirasa yaklasimimizi belirler. Bence bu
teknoloji bizi mirasin ontolojisi tarihsel bilginin iiretimi ve gegmisle etik angajmanimiz iizerine
yeniden diistinmeye zorluyor. Calismanin bulgular 15181nda spekiilatif restorasyon etigi i¢in bes
ilke oneriyorum. Ontolojik seffaflik ilkesi her YZ tamamlamasinin agik¢a bir spekiilasyon veya
olasilik modeli olarak etiketlenmesini restore edilmis degil algoritmik olarak tamamlanmis gibi
terminoloji kullanilmasini gerektirir. Cogulculuk ve katilim ilkesi tek bir dogru tamamlama
sunmak yerine birden fazla algoritmik tahmin ve hatta geleneksel uzman ¢izimlerini yan yana
sunmay1 Onerir bdylece izleyici tarihsel belirsizligin dogasini ve restorasyonun yorumlayict
boyutunu gorebilir. Algoritmik hesap verebilirlik ilkesi kullanilan modelin mimarisi egitim veri
setinin kapsami ve siurliliklar: karar vermeye etki eden faktorler gibi meta verilerin QR kod
veya web portali araciligtyla erisilebilir olmasini zorunlu kilar. Onyarg farkindalig: ve gesitlilik
ilkesi projelerin kullanilan veri setlerindeki kiiltiirel cinsiyete dayali ve cografi dnyargilari aktif
sorgulamasini ve miimkiinse ¢esitliligi artirmak icin ¢alismasini gerektirir tek bir evrensel
model yerine belirli kiiltiirel geleneklere 6zgii egitilmis modellerin kullanimi tesvik edilmelidir.
Hibrid uzmanlik ilkesi siirecin ne salt algoritmik ne de salt geleneksel olmamasini sanat tarihgisi
konservator veri bilimci ve etik¢iden olusan hibrid bir ekip tarafindan yonetilmesini algoritmik
ciktilarin insani elestiri ve secimle siirekli diyalog halinde olmasini 6ngoriir. Sonug olarak
yapay zeka tabanli resim restorasyonu bir problem ¢ézme araci olarak degil bir felsefi meydan
okuma olarak ele alinmalidir. Bize kaybin anlamini tahminin sinirlarii ve geg¢misi onu
dondurmadan veya carpitmadan nasil yaratict ve sorumlu bir sekilde canlandirabilecegimizi
sorgulatir.

Bu teknolojiyi benimserken amacimiz ge¢misi diizeltmek degil onunla tiim karmagikligt
giizelligi ve eksikligiyle daha zengin ve daha diiriist bir diyalog kurmak olmalidir. Tarihsel
bosluklar sadece doldurulacak bosluklar degil diisiinecegimiz hayal edecegimiz ve saygi
duyacagimiz araliklardir. Yapay zekanin gorevi bu araliklar1 yok etmek degil onlar1 anlamli bir
sekilde aydinlatmaktir kanisindayim.
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