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Purpose: to analyze the transformation of the scientific method in 
the era of Artificial Intelligence (AI) through a philosophical 
framework, focusing on ontological, epistemological, and axiological 
changes, as well as the emergence of human–machine integration in 
knowledge production. 
Method: this study uses a qualitative descriptive design with a 
library research approach. Data were drawn from ten international 
journal articles (2020–2025) selected purposively and analyzed using 
qualitative content and thematic analysis to examine ontological, 
epistemological, and axiological changes in the scientific method in 
the context of Artificial Intelligence. 
Findings: AI reshapes the scientific method by shifting its ontology 
toward data-driven reality, its epistemology from causal explanation 
to algorithmic prediction, and its axiology toward ethical concerns 
such as bias and fairness. Scientific practice is increasingly 
characterized by human–machine collaboration, combining AI’s 
computational power with human interpretive judgment. 
Implications: AI reshapes scientific foundations and requires 
rethinking objectivity, explanation, and ethics, while strengthening 
the role of philosophical reflection to ensure transparent and 
responsible research. 
Originality: lies in its integration of ontological, epistemological, and 
axiological perspectives to show AI as a driver of transformation in 
the scientific method. 
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Introduction 

The development of Artificial Intelligence (AI) over the past two decades has 
brought fundamental changes to the way scientific knowledge is produced, verified, and 
utilized (Wang et al., 2023). While in the classical tradition of the scientific method, 
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researchers played a dominant role in formulating problems, formulating hypotheses, 
collecting data, analyzing findings, and drawing generalizations, in the era of intelligent 
computing, some of these stages are now carried out through collaboration between 
humans and algorithmic systems that can learn from data (Ren et al., 2023; Zhu et al., 
2023). AI no longer functions simply as a statistical tool; it has evolved into a new 
epistemic infrastructure that shapes how knowledge is constructed (Alvarado, 2023). 
Through machine learning, deep learning, natural language processing, and generative 
AI, AI systems can discover patterns that humans cannot easily recognize, predict 
complex phenomena, and automatically synthesize information (Razzaq & Shah, 2025). 
This transformation demonstrates that scientific knowledge is no longer solely the 
product of human rationality but also arises from the dynamic interaction among 
humans, data, and machines (Tsvetkova et al., 2024). 

The philosophy of science is regaining relevance as fundamental questions about 
the nature of knowledge, the validity of truth, and the purposes for which it is used 
become increasingly important. Floridi & Chiriatti (2020) assert that modern AI systems 
possess impressive generative capabilities but are not identical to the rational 
understanding humans possess. Therefore, practically useful AI output still requires 
epistemological justification to be accepted as valid scientific knowledge. Furthermore, 
Dwivedi et al. (2021) show that AI has evolved into a multidisciplinary phenomenon 
that broadly impacts governance, economics, education, and scientific research. At the 
same time, the development of large-scale language models demonstrates AI's ability to 
generate synthetic text and knowledge, but also raises the risk of bias, hallucinations, 
and the reproduction of inequalities derived from training data (Bender et al., 2021). 

These developments present both new phenomena and fundamental problems in 
scientific research practices. One key issue is the tension between technical effectiveness 
and scientific legitimacy. Many AI models demonstrate very high predictive 
performance, but the processes that produce these decisions are often difficult to 
understand and explain (Hassija et al., 2024). This situation is known as the black-box 
problem: a system produces accurate output, but the underlying inference path is not 
transparent. In the scientific tradition, scientific truth is measured not only by the 
accuracy of results but also by the ability to explain, test, and replicate the processes that 
produce those findings. Therefore, high predictive accuracy does not automatically 
guarantee the epistemological validity of an AI system. Eschenbach (2021) asserts that 
the primary source of distrust in AI lies not solely in the possibility of output errors, but 
in the lack of clarity about the reasoning behind machine-generated decisions. 

This phenomenon is evident in the healthcare sector, where AI is used to detect 
diseases, predict patient risk, and support clinical diagnosis. Despite their high accuracy, 
AI-generated recommendations are often questioned when doctors cannot explain the 
rationale for the system's decision-making (Topol, 2019). In Europe, the discourse on AI 
focuses more on issues of regulation, fairness, and protecting citizens' rights from 
algorithmic bias. Mittelstadt (2019) emphasizes that ethical principles alone are 
insufficient to guarantee fairness in AI without concrete implementation mechanisms. 
Meanwhile, in many developing countries, challenges arise related to data quality, 
limited digital infrastructure, and low AI literacy among researchers. These differing 
contexts demonstrate that AI's problems are not universal, but rather influenced by 
varying social, economic, and institutional conditions. 

Various solutions have been proposed to address these challenges, including 
Explainable AI (XAI), human-in-the-loop approaches, algorithmic audits, and ethical 
governance frameworks. Rai (2020) explains that the transformation from black box to 
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glass box is an urgent need for AI systems to be accepted in scientific practice and public 
decision-making. On the other hand, research by Brynjolfsson et al. (2023) shows that 
implementing generative AI can significantly increase productivity, though it still 
requires human supervision to maintain the quality and accountability of the results. 
However, most of the proposed solutions still focus on technical and operational aspects. 
However, the root of the problem lies in a more fundamental dimension: how science 
defines truth, objectivity, scientific explanation, and responsibility in the AI era. 
Therefore, a philosophy of science approach is crucial for understanding the 
transformations occurring in the methodological foundations of contemporary research. 

The study of AI is indeed developing rapidly, but most research still positions the 
philosophy of science as a normative background, rather than as a primary analytical 
tool. Studies focus more on improving model accuracy, computational efficiency, 
mitigating data bias, or the social impacts of AI use (Kumar et al., 2026; Shah & Sureja, 
2025; Sreerama & Krishnamoorthy, 2022). Consequently, discussions on how AI is 
changing the fundamental structure of the scientific method remain relatively limited. 
However, the advent of AI is challenging several classic assumptions in science. First, the 
assumption that researchers are the sole primary subjects in knowledge production has 
become increasingly problematic as algorithms now play a role in discovering patterns 
and building inferences. Second, the assumption that causal explanation is the primary 
goal of science has been questioned, as many AI models can produce highly accurate 
predictions without providing adequate explanations. Third, the assumption of 
objectivity as a value-free condition becomes increasingly complex because data, model 
design, and training parameters always involve human decisions that are not entirely 
neutral (Bender et al., 2021). 

Thus, there is a research gap in the absence of studies that systematically 
integrate ontological, epistemological, and axiological perspectives to explain the 
paradigm shift of scientific methods in the AI era. The novelty of this research lies in 
developing a conceptual framework that positions these three main pillars of the 
philosophy of science as an analytical foundation for understanding the transformation 
of AI-based scientific methods. Ontologically, this research examines the status of data, 
digital reality, and computational representation as new objects of science. 
Epistemologically, this research evaluates whether algorithmic predictions can be 
accepted as scientific knowledge without adequate causal explanations (Floridi & 
Chiriatti, 2020). Axiologically, this research examines how the development and 
utilization of AI should be directed towards social justice, public benefit, and 
sustainability (Mittelstadt, 2019). This research aims to analyze the contribution of the 
philosophy of science to the formulation of a new paradigm for scientific methods in AI-
based research. Specifically, this research seeks to identify fundamental changes in the 
stages of the scientific method when AI is involved in problem formulation, data 
processing, inference, and decision-making. explain the ontological, epistemological, and 
axiological problems that arise from the integration of AI into research practice; and 
formulate a conceptual model of the scientific method that is adaptive to technological 
developments without ignoring the principles of rationality, transparency, 
accountability, and humanity. 

This research is crucial because the development of AI not only brings 
technological innovation but also raises philosophical challenges that directly impact the 
validity and legitimacy of science. Without an adequate philosophical foundation, the use 
of AI has the potential to shift the orientation of science from understanding to mere 
prediction, from explanation to efficiency, and from public responsibility to 
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technological domination. Therefore, this research is expected to make a theoretical 
contribution by strengthening the study of the philosophy of science in understanding 
the relationships among humans, data, and machines in the production of scientific 
knowledge. Furthermore, this research is expected to provide practical contributions to 
researchers, academics, and policymakers by helping them design AI-based research 
practices that are more transparent, accountable, and oriented towards the public 
interest. Thus, this article offers a more comprehensive philosophical framework for 
understanding the transformation of scientific methods in the AI era while providing 
direction for a science that remains critical, reflective, and human-centered. 
 
Method 

This research uses a descriptive qualitative approach with a library research 
method. The qualitative approach was chosen because the research objective is not to 
test statistical hypotheses or to quantitatively measure relationships between variables, 
but rather to deeply understand the transformation of scientific methods in the era of 
Artificial Intelligence (AI) and the contribution of the philosophy of science to explaining 
these changes. In the qualitative paradigm, reality is understood as a construction of 
meaning that must be interpreted through a critical examination of the ideas, texts, and 
contexts that underlie it. Therefore, a library study is a relevant approach because the 
primary objects of research are theories, concepts, philosophical arguments, and 
published research results. According to Aspers & Corte (2021), qualitative research is 
oriented towards a deep understanding of social and conceptual meanings, allowing 
researchers to explore complex phenomena through interpretations of various sources 
of knowledge. In the context of this research, the library study is used to examine the 
development of thinking on AI, changes in scientific method procedures, and the 
ontological, epistemological, and axiological implications arising from the integration of 
intelligent technology into modern research practices. 

The research design is descriptive-analytical. The descriptive aspect is used to 
map the development of ideas, issues, and challenges related to AI-based research in the 
current scientific literature. Meanwhile, the analytical aspect is used to critically 
examine, compare, and synthesize various academic perspectives to produce a more 
comprehensive conceptual construct. This approach allows the research not only to 
present a summary of existing literature but also to develop theoretical arguments 
about the new paradigm of scientific methods in the AI era. The research process is 
carried out in stages, including identifying the study's focus, conducting a literature 
review, selecting data sources, categorizing findings by theme, and critically interpreting 
the findings to produce a conceptual synthesis.  

The research data sources consist of scientific documents relevant to the themes 
of philosophy of science, scientific methods, and Artificial Intelligence. In the literature 
review, scientific documents serve as the research subject because they are the primary 
source of information analyzed. The primary data for this study consists of ten 
international scientific articles published between 2020 and 2025. This period was 
selected because the development of AI, particularly generative AI and large-scale 
language models, has accelerated significantly in recent years, resulting in increasingly 
intensive philosophical and methodological discourse. The number of articles was 
limited to maintain the depth of analysis and to allow for a more comprehensive 
interpretation of each source. 

Data sources were selected using purposive sampling, a deliberate selection of 
documents based on specific criteria relevant to the research objectives. Inclusion 
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criteria included: (1) articles discussing AI in the context of scientific research, 
methodology, ethics, or philosophy of science; (2) published in reputable international 
journals and indexed in credible academic databases; (3) fully available through 
academic platforms such as Google Scholar, Scopus, Springer, Elsevier, Wiley, or the ACM 
Digital Library; and (4) clearly making a conceptual contribution to the discussion of AI-
based scientific method transformations. Conversely, popular articles, non-academic 
opinion pieces, manuscripts that have not undergone peer review, and documents not 
directly related to the research focus were excluded from the analysis. The use of 
purposive sampling in qualitative research is appropriate because the research objective 
is not to make statistical generalizations, but rather to gain an in-depth understanding 
from information-rich, conceptually relevant sources (Campbell et al., 2020). 

The primary research instrument is the researcher (human instrument), who 
plays a role in determining data sources, conducting critical readings, interpreting 
meaning, developing analytical categories, and compiling a conceptual synthesis. In 
qualitative research, the researcher is the central instrument because the process of 
interpreting data relies heavily on the researcher's reflective and interpretive abilities 
(Aspers & Corte, 2021). To improve the systematic nature of data collection, a literature 
analysis matrix was used, including the article's identity, research objectives, 
methodological approach, key findings, the philosophical concepts of science discussed, 
AI issues studied, and their relevance to changes in scientific methods. The matrix 
facilitated the coding process, comparison of findings between articles, and the 
preparation of a theoretical synthesis. Instrument validity was maintained through 
alignment of analysis indicators with research objectives, while consistency in data 
recording and grouping ensured the reliability of the analysis process. 

The research procedure was carried out through several systematic stages. The 
first stage was the formulation of the study focus and research questions based on the 
issue of the transformation of scientific methods in the AI era. The second stage involved 
a literature search using keywords such as philosophy of science, scientific method, 
artificial intelligence, AI ethics, and explainable AI. The third stage was the selection of 
articles based on predetermined inclusion and exclusion criteria. The fourth stage 
involved a close reading of the selected articles, followed by recording the data in an 
analysis matrix. The fifth stage involved grouping the data into main themes covering 
ontology, epistemology, axiology, and the transformation of scientific methods. The final 
stage was a critical interpretation and conceptual synthesis that connected the various 
literature findings into a coherent framework. This procedure enabled the literature 
review to produce systematic and academically accountable findings (Xiao & Watson, 
2019). 

Data analysis was conducted using a combination of qualitative content analysis 
and thematic analysis. Content analysis was used to identify key concepts, 
argumentation patterns, and thought trends emerging in the analyzed documents. 
Meanwhile, thematic analysis was used to organize the data into themes relevant to the 
research focus. Braun & Clarke (2021) explain that thematic analysis is an effective 
method for systematically and flexibly identifying, analyzing, and interpreting patterns 
of meaning in textual data. The analysis began with data reduction, sorting relevant 
information from each article. Next, the data were coded regarding ontological aspects 
(the nature of data and digital reality), epistemological (validity, objectivity, justification, 
reproducibility, and explainability), axiological (ethics, justice, social utility, and public 
responsibility), and changes in scientific methods in the AI era. The coding results were 
then grouped into broader thematic categories to facilitate interpretation and synthesis. 
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To enhance the credibility of the research findings, source triangulation 
techniques were employed to compare perspectives, arguments, and findings across 
various articles, journals, and disciplines. Furthermore, coding and interpretation 
processes were repeated to ensure consistency and accuracy of the resulting meanings. 
Through this approach, this research not only produced a literature summary but also 
developed a conceptual model of a new paradigm for AI-based scientific methods rooted 
in the principles of the philosophy of science. Thus, data analysis served as a bridge 
between the literature findings and the theoretical contributions of this research 
(Nowell et al., 2017). 

 

Results and discussion 
Based on an analysis of ten international articles selected through purposive 

sampling, it was found that the transformation of scientific methods in the Artificial 
Intelligence (AI) era has not only occurred at the level of technology use as a research 
tool, but has also affected the fundamental structure of scientific knowledge production. 
The results of the coding process, data reduction, and thematic analysis identified four 
main themes that consistently emerged in the literature, namely: (1) ontological shifts in 
the objects of science, (2) epistemological transformations in the process of knowledge 
validation, (3) axiological challenges related to ethics and social responsibility, and (4) 
the emergence of a human-machine integration model as a new paradigm for the 
scientific method. These four themes indicate that AI has changed the traditional 
relationship between researchers, data, methods, and research results. While in the 
classical scientific paradigm researchers have full control over the entire research 
process, in the AI era, algorithmic systems increasingly perform functions of analysis, 
prediction, and knowledge synthesis. To understand the contribution of each literature 
to the formation of these themes, a mapping of the study's focus, main findings, and 
their relevance to this research was conducted. The results of this mapping are 
presented in Table 1. 
 
Table 1 literature analysis matrix 
Nu. Author (year) Study focus Main findings Relevance 

1 Floridi & Chiriatti 
(2020) 

The nature of GPT 
and generative AI 

AI generates text without full 
rational understanding 

Epistemological basis of 
AI 

2 Rai (2020) Explainable AI Transparency is a prerequisite 
for scientific trust 

Validity of the scientific 
method 

3 Topol (2019) AI in healthcare AI is effective when combined 
with human expertise 

Human-machine 
integration 

4 Eschenbach 
(2021) 

Black box problem Lack of explanation reduces 
trust 

Epistemic problems 

5 Mittelstadt (2019) AI Ethics Ethical principles need real 
implementation 

Axiological dimension 

6 Bender et al. 
(2021) 

The risks of large 
language models 

Bias and reproduction of social 
inequality 

Criticism of data 
ontology 

7 Dwivedi et al. 
(2021) 

Multidisciplinary 
perspective of AI 

AI is transforming research 
across fields 

Transformation of 
science 

8 Brynjolfsson et al. 
(2023) 

Generative AI and 
productivity 

AI improves the efficiency of 
scientific work 

Methodological 
effectiveness 

10 Cascella et al. 
(2023) 

ChatGPT and medical 
research implications 

AI opens up new opportunities 
but requires scientific and 
ethical validation 

The future of AI-based 
research 

Source: secondary data, processed 
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As seen in Table 1, the analyzed literature demonstrates a common trend: the 
development of AI has epistemological, ontological, and axiological consequences that 
cannot be explained solely through technical approaches. Floridi & Chiriatti (2020); 
Eschenbach (2021) highlight epistemological issues related to AI's ability to produce 
useful output without adequate rational understanding. Meanwhile, Rai (2020) 
emphasizes the importance of explainability as a prerequisite for scientific legitimacy. 
On the other hand, Mittelstadt (2019); Bender et al. (2021) note that ethical issues, data 
bias, and social inequality are key challenges in the implementation of AI. These findings 
demonstrate that the transformation of scientific methods is not only related to 
increasing research efficiency but also involves fundamental changes in how science is 
understood and practiced. To identify the most dominant thematic tendencies in the 
literature, the frequency of these themes across all analyzed articles was tabulated. The 
results are presented in Table 2. 
 
Table 2 frequency of themes found from 10 articles 
Findings theme Number of articles Percentage 

Algorithmic transparency 9 90% 

Data bias and fairness 8 80% 

Human–AI integration 7 70% 

Reconstruction of the scientific method 6 60% 

Efficiency and productivity 6 60% 

Ethics and social responsibility 8 80% 

Source: secondary data, processed 

 
Based on Table 2, algorithm transparency and explainability were the most 

dominant themes, appearing 90% of the time. This finding indicates that researchers' 
primary focus is no longer solely on improving model accuracy, but rather on AI 
systems' ability to explain their decision-making processes. Furthermore, issues of data 
bias, fairness, ethics, and social responsibility each appeared in 80% of the articles 
analyzed. The high frequency of these two themes indicates that AI development is 
increasingly understood as a social and philosophical issue, rather than simply a 
technical one. Meanwhile, the theme of human-AI integration appeared in 70% of the 
articles, indicating a growing consensus that the future of scientific research depends on 
collaboration between human and machine intelligence. 

The first theme that emerged from the analysis was the ontological shift in the 
object of scientific knowledge. The results show that AI has expanded the scope of 
scientific ontology from directly observable empirical phenomena to a digital reality 
mediated by data. Of the ten articles analyzed, seven (70%) asserted that digital data, 
metadata, online activity traces, and computational representations are now the 
primary sources of scientific knowledge formation. This finding suggests that science is 
no longer dealing solely with tangible empirical reality, but also with a reality that has 
undergone a datafication process (datafied reality). Consequently, the philosophy of 
science needs to reexamine the ontological status of data: whether data is an objective 
representation of reality or a construct influenced by system design, platforms, and 
specific interests. Thus, AI not only expands the scope of scientific study but also 
changes how reality is understood in the research process. 

The second theme relates to epistemological transformations in the process of 
knowledge formation and validation. The results show that 9 articles (90%) highlight 
the dominance of AI-based predictive models that produce accurate outputs without 
explicitly explaining causal relationships. This situation has led to a shift from an 
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explanatory paradigm to a predictive paradigm. In the classical scientific method, the 
validity of knowledge is determined by the ability to explain causal relationships that 
can be tested and replicated. However, in many AI applications, predictive ability often 
outperforms explanatory ability. This finding suggests that the new paradigm of the 
scientific method cannot simply rely on predictive accuracy but must also consider 
transparency, reproducibility, interpretability, and explainability as prerequisites for 
scientific legitimacy. Therefore, AI is fostering the emergence of a new form of 
epistemology that integrates algorithmic predictive ability with the principles of 
scientific rationality and openness. 

The third theme shows that the axiological dimension is one of the most 
dominant issues in AI-based research. Eight articles (80%) emphasized that the values 
of utility, justice, and social responsibility should guide the use of AI. Issues such as 
algorithmic bias, data discrimination, privacy violations, information manipulation, and 
unequal access to technology were central concerns in the analyzed literature. These 
findings demonstrate that science is never entirely value-free. AI systems are 
constructed through human decisions regarding data selection, optimization objectives, 
model parameters, and implementation contexts. Therefore, the technical success of a 
system does not necessarily indicate its moral worthiness. In this context, the 
philosophy of science serves as a reflective framework to ensure that technological 
innovations are not only empirically valid but also just and beneficial to society. 

The final theme suggests that the new paradigm of the scientific method does not 
lead to AI domination over humans, but rather to the integration of both in a 
collaborative model. Seven articles (70%) argue that AI is most effective when 
positioned as a decision-support system or cognitive partner for researchers. AI excels 
in processing large amounts of data, identifying hidden patterns, conducting complex 
simulations, and generating rapid predictions. Conversely, humans retain a strategic 
role in formulating research problems, determining the relevance of findings, 
conducting conceptual interpretations, and considering the ethical implications of 
research results. These findings suggest that the future of the scientific method lies in 
the synthesis of AI's computational capacity and human reflective wisdom. Based on 
these findings, this study formulates a conceptual model of a new AI-based scientific 
method that compares the characteristics of the classical scientific method with those of 
the paradigms emerging in the era of artificial intelligence. This conceptual synthesis is 
presented in Table 3. 
 
Table 3 new paradigm models of AI-based scientific methods 
Components Classical scientific method New AI-based paradigm 

Object of study Direct empirical phenomena Empirical phenomena + digital data 

Data collection Manual/direct observation Sensors, big data, automation 

Analysis Conventional statistics Machine learning & AI 

Validation Hypothesis testing Hypothesis testing + explainability 

Researcher's role Full dominance Collaborating with AI 

Core values Objectivity Objectivity + ethics + fairness 

Source: secondary data, processed 
 

As shown in Table 3, the transformation of scientific methods has occurred in 
almost all major components of research. The most significant changes are the 
expansion of the object of study from empirical phenomena to digital data, the use of 
automated systems for data collection, the application of machine learning to the 
analysis process, and the addition of explainability as part of the scientific validation 
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mechanism. Furthermore, the role of researchers has shifted from sole actors to 
collaborative partners with AI systems. Equally important, this new paradigm broadens 
the value orientation of science from mere objectivity to an integration of objectivity, 
ethics, fairness, and social accountability. Thus, AI does not replace the classical 
scientific method, but rather transforms it into a model better adapted to the 
complexities of the digital world while remaining rooted in the principles of the 
philosophy of science. Overall, the research results indicate that the transformation of 
scientific methods in the AI era is occurring at three levels simultaneously: ontological, 
epistemological, and axiological. These changes are leading to the emergence of a new 
scientific paradigm that positions AI as a cognitive partner in knowledge production. At 
the same time, the philosophy of science serves as a reflective foundation that maintains 
transparency, accountability, and a humanitarian orientation in contemporary scientific 
development. 
 
Ontological shift: data as a new reality in science 

Research findings indicate that the development of Artificial Intelligence (AI) has 
triggered a significant ontological transformation in science. This change is marked by a 
shift in the object of scientific study from directly observed empirical phenomena to a 
reality mediated by digital data. In the classical scientific tradition, the object of science 
is understood as natural, social, and human behavioral phenomena that can be observed 
through sensory experience or research instruments. However, in the AI era, digital 
data, metadata, digital footprints, sensor recordings, and computational representations 
have become the primary sources of knowledge (Partarakis & Zabulis, 2024). These 
findings indicate that the reality that forms the basis of research is no longer limited to 
directly observable phenomena, but also includes data generated, stored, and processed 
by digital systems. 

These developments are inextricably linked to the increasingly comprehensive 
digitalization of human life. Economic activities, education, health, communication, and 
even social interactions now generate enormous volumes of data continuously. In this 
context, AI plays a central role, thanks to its ability to process data on a scale far beyond 
human capacity, discover patterns invisible through conventional observation, and 
generate predictions based on complex statistical relationships (Wang et al., 2023). 
Consequently, data is no longer positioned as a complement to empirical observation 
but rather as the primary medium for understanding and explaining various 
phenomena. This shift marks the birth of what can be called datafied reality, a reality 
understood through the process of transforming phenomena into data that can be 
calculated, analyzed, and modeled algorithmically. 

From a philosophical perspective, this shift has profound ontological 
implications. The question of "what constitutes the object of science" can no longer be 
answered solely by referring to the empirical phenomena directly present to 
researchers. In the AI era, research objects often exist in digital representations that 
have undergone selection, categorization, and technical transformation (Kotlarsky & 
Oshri, 2023; Partarakis & Zabulis, 2024). Therefore, data cannot be understood as a 
completely neutral reflection of reality. Data are constructed and influenced by system 
design, information-collection mechanisms, methodological choices, and underlying 
institutional interests. In other words, the relationship between reality and data is 
mediative, not identical. Awareness of the constructive nature of data is crucial to 
prevent researchers from falling into the trap of assuming that data automatically 
represents reality objectively and completely. 
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The findings of this study align with those of Dwivedi et al. (2021), who asserted 
that AI has evolved into a multidisciplinary phenomenon transforming how 
organizations, governments, and the scientific community understand social reality. The 
advent of AI has enabled decision-making and knowledge production to rely 
increasingly on the analysis of large amounts of data (Zong & Guan, 2024). Thus, social 
reality is no longer understood solely through direct observation but also through 
digital representations generated by various information systems. This perspective 
reinforces the argument that data has acquired a new ontological status in 
contemporary scientific practice. 

The results of this study also align with those of Bender et al. (2021), which 
showed that data used in AI models always carry the social, cultural, and historical 
biases of the environments in which they were generated. The similarity between this 
study and Bender et al.'s (2021) study lies in the view that data is not a completely 
objective and value-free entity. However, this study goes further by positioning data not 
merely as a potential source of bias but as a new form of reality that alters the 
ontological foundations of science. While previous research has focused more on dataset 
quality and the consequences of bias on AI model performance, this study highlights 
how the dominance of data in the research process shifts how science defines its objects 
of study. 

Furthermore, Floridi & Chiriatti (2020) explain that generative AI systems 
generate output based on statistical pattern recognition derived from training data, 
rather than on an ontological understanding of the real world. This view reinforces the 
findings of this study that the reality processed by AI is essentially a representation of 
data, not reality itself. AI does not understand the meaning of objects as humans do; 
rather, it processes the statistical relationships contained in the data (Friedrich et al., 
2022). This situation suggests that the greater AI's role in research, the more important 
philosophical reflection on the relationship between data, representation, and reality 
becomes. Thus, the primary contribution of these findings lies in affirming that AI not 
only brings methodological innovations in data processing but also shifts the ontological 
foundations of science. These changes require a reconstruction of understanding 
regarding the nature of research objects, the epistemic status of data, and the 
relationship between digital representations and empirical reality. In this context, the 
philosophy of science plays a crucial role in ensuring that AI developments not only 
enhance the analytical capabilities of research but also maintain a critical awareness of 
the ontological assumptions underlying the production of scientific knowledge. 
Therefore, the scientific paradigm in the AI era needs to view data not merely as a 
technical instrument but as a new ontological entity that shapes how humans 
understand and explain the world. 
 
Epistemological transformation: from causal explanation to algorithmic prediction 

Research results show that the development of Artificial Intelligence (AI) has 
driven a fundamental epistemological transformation in the practice of science. A shift 
in the source of knowledge legitimacy from the dominance of causal explanations to the 
increasing role of algorithmic predictions marks this change. In the tradition of the 
classical scientific method, knowledge is considered valid if it can explain causal 
relationships logically and empirically and can be tested through processes of 
verification and falsification (Yao, 2024). Scientific explanations are required not only to 
provide answers about what happens, but also why a phenomenon occurs. Thus, causal 
explanations are the primary foundation in the formation of scientific knowledge. 
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However, the results of this study indicate that this paradigm is beginning to shift 
with the increasing use of AI in various research fields. Machine learning and deep 
learning-based systems can produce predictions with very high accuracy, even though 
the mechanisms that generate them are often difficult to explain explicitly (Taye, 2023). 
Unlike conventional scientific approaches that rely on theory building and hypothesis 
testing, AI algorithms identify statistical patterns, complex correlations, and nonlinear 
relationships in large-scale datasets. In many cases, AI models can predict disease risks, 
consumer behavior, market changes, and even environmental phenomena with a level of 
accuracy that surpasses traditional analytical approaches, even without providing 
adequate causal explanations for the factors underlying these predictions. 

Epistemologically, this situation indicates the emergence of a new form of 
knowledge oriented toward predictive knowledge. Knowledge is no longer solely 
assessed by its ability to explain reality, but also by its ability to anticipate and predict 
future events (Hussien et al., 2025). This shift can be understood as a response to the 
complexity of contemporary phenomena, which are increasingly difficult to reduce to 
simple cause-and-effect relationships. Various modern issues, such as the spread of 
epidemics, global market dynamics, climate change, user behavior in digital media, and 
interconnected social systems, generate enormous volumes of data and complex 
interaction patterns. In such situations, AI's predictive capabilities are often more 
effective than conventional causal approaches in generating relevant information for 
decision-making. 

Nevertheless, the findings of this study indicate that predictive accuracy cannot 
be the sole basis for scientific legitimacy. Knowledge generated by AI must still meet the 
basic principles of scientific epistemology, namely transparency of the inference 
process, reproducibility of results, interpretability, and explainability of the rationale 
behind a decision (Hussien et al., 2025). Without these elements, AI predictions risk 
losing legitimacy because the scientific community cannot critically evaluate them. 
Therefore, the epistemological transformation that occurs is not a total replacement of 
explanation by prediction, but rather an expansion of the epistemological framework 
that accommodates both as complementary sources of knowledge. In this new 
paradigm, prediction enables understanding of future possibilities, while explanation 
remains necessary to provide rational justification for the results obtained. 

The findings of this study align with Rai (2020), who asserted that explainable AI 
is a crucial prerequisite for building trust in algorithm-based systems. According to Rai, 
the ability to explain the decision-making process is a key factor in determining whether 
AI results are acceptable in contexts that demand high accountability. This perspective 
reinforces the findings of this study, which argue that the legitimacy of scientific 
knowledge is inextricably linked to the system's ability to explain the rationale behind a 
conclusion. A similar argument is also put forward by von Eschenbach (2021) in his 
discussion of the black box problem. He asserts that the primary problem with AI lies 
not solely in the possibility of technical errors, but in humans' inability to understand 
the inference process that produces algorithmic decisions. This research, like this study, 
holds that high accuracy does not automatically lead to scientific trust. Instead, valid 
knowledge still requires justification that can be understood and rationally evaluated. 
Thus, transparency is an inseparable epistemological component of AI use in scientific 
research. 

In a more practical context, Topol's (2019) research in the healthcare sector 
showed that physicians' acceptance of AI systems increased when their 
recommendations could be explained and verified through clinical reasoning. These 
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findings indicate that the relationship between humans and AI is not solely determined 
by technological performance, but also by the system's ability to interact with existing 
human knowledge frameworks. The results of this study reinforce this view by 
demonstrating that explainability serves as a bridge between AI's computational 
efficiency and prevailing standards of scientific validity within the academic community. 

While sharing some similarities with previous research, this study offers a 
different perspective. Most previous research positions transparency and explainability 
as practical necessities for increasing user trust in AI across sectors such as healthcare, 
business, and government. In contrast, this study positions these issues within a more 
fundamental philosophical framework. Transparency is understood not merely as a 
technical feature or instrument of technology governance, but as an epistemological 
requirement that determines whether a result can be recognized as valid scientific 
knowledge. Thus, the focus of this research is not limited to how AI is used, but rather 
on how AI changes fundamental concepts of validity, objectivity, and justification of 
knowledge. 

The primary contribution of this finding lies in its attempt to reconcile two often-
conflicting epistemological traditions: the rational-explanation tradition and the 
computational-prediction tradition. The results suggest that the future of the scientific 
method lies not in the dominance of one approach, but in the integration of both within 
an epistemological framework better adapted to technological developments. Within 
this paradigm, AI's predictive capabilities enhance efficiency and accuracy in 
understanding complex phenomena. At the same time, the principles of scientific 
explanation continue to serve as a justification mechanism, ensuring the rationality, 
transparency, and accountability of knowledge. Therefore, the epistemological 
transformation in the AI era does not mark the end of the classical scientific method, but 
rather its evolution toward a form more responsive to the challenges of contemporary 
science. 
 
Axiological challenges: ethics, justice, and social responsibility 

The research findings show that the transformation of scientific methods in the 
era of Artificial Intelligence (AI) not only brings about ontological and epistemological 
changes but also presents increasingly complex axiological challenges. The axiological 
dimension is an inseparable aspect of the use of AI in research because this technology 
not only influences how knowledge is produced but also determines how that 
knowledge is used and impacts society. The research findings show that the use of AI in 
science offers various benefits, such as increased analytical efficiency, the ability to 
process large-scale data, accelerated decision-making, and expanded research capacity. 
However, behind these benefits lie risks such as algorithmic bias, decision-making 
discrimination, privacy violations, a lack of accountability, and unequal access to 
technology. This situation shows that the technical success of AI is not always directly 
proportional to its moral and social acceptability. 

Philosophically, these findings indicate that, in the AI era, science is increasingly 
difficult to view as value-free. AI systems are built through a series of human decisions 
spanning data selection, optimization objectives, algorithm design, training parameters, 
and implementation context (Gupta et al., 2022). Each of these decisions contains 
specific assumptions, preferences, and values that potentially influence the system's 
outcomes. Thus, AI is never truly neutral, reflecting the characteristics of the data and 
the choices made by its developers and the institutions that use it. In many cases, the 
datasets used to train AI models contain historical biases stemming from unequal social 
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structures. As a result, AI systems can reproduce and even reinforce pre-existing 
inequities if not designed and supervised critically. 

From a philosophical perspective, this issue is directly related to the axiological 
dimension, which questions the purpose, benefits, and consequences of using scientific 
knowledge. Axiology not only assesses whether knowledge is empirically true, but also 
whether it is used for good purposes and provides equitable benefits to society 
(Setiawan et al., 2025). In the context of AI, axiological questions become increasingly 
important because decisions made by algorithmic systems can directly impact human 
lives, from health diagnoses and job selection to credit assessments and education 
systems, to public policy (Gomez, 2025). Therefore, evaluation of AI cannot be based 
solely on accuracy or efficiency; it must also consider its impact on justice, social 
welfare, individual rights, and human dignity. 

The rationale for these findings lies in the fact that science always operates in a 
social space fraught with vested interests and practical consequences. The greater the 
influence of AI on decision-making processes, the greater the need to ensure that the 
technology is used responsibly (Khalid et al., 2024). Within this framework, research 
shows that ethical considerations cannot be placed as a final step after the technology 
has been developed. Instead, ethics needs to be integrated from the formulation of the 
research problem, data collection, model design, interpretation of results, and even 
technology implementation. This approach positions ethics as an inherent part of the 
scientific method, not simply a corrective tool when problems arise. Thus, a highly 
accurate AI system that discriminates against or harms certain groups cannot be viewed 
as a fully successful form of scientific progress. 

The findings of this study align with Mittelstadt's (2019) view, which asserts that 
AI ethical principles will be ineffective without concrete implementation mechanisms. 
According to Mittelstadt (2019), principles such as fairness, transparency, 
accountability, and nonmaleficence often remain at the normative level without being 
translated into operational procedures that can be implemented in practice. This 
perspective reinforces the findings of this study, which argue that ethics must be 
present not only as a declaration of values but also as part of the scientific process and 
technology governance. In other words, the success of AI is measured not only by what a 
system can do, but also by how responsibly it is designed and used. 

The results of this study are also consistent with those of Bender et al. (2021), 
who found that large-scale language models have the potential to reproduce 
stereotypes, prejudices, and social inequalities contained in their training data. The 
similarity between this study and Bender et al.'s (2021) study lies in their rejection of 
the assumption that technology is a completely neutral instrument. Both studies 
emphasize that AI systems always carry the social and historical imprint of the data they 
use. However, this study broadens this discussion by positioning the issue of bias not 
merely as a technical problem to be addressed through improved data quality, but as an 
axiological issue related to moral responsibility in the production of scientific 
knowledge. 

Furthermore, research by Cascella et al. (2023) in the health sector shows that AI 
has great potential to improve the quality of diagnosis, clinical decision-making, and the 
effectiveness of healthcare services. However, implementing this technology still 
requires rigorous scientific validation and a robust ethical framework, as it concerns 
human safety and well-being. These findings reinforce this study's conclusion that the 
greater an AI system's impact on human life, the greater the demand for its ethical 
accountability. Therefore, the success of AI implementation depends not only on the 
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technology's performance but also on the system's ability to meet applicable moral and 
social standards. 

While related to various previous studies, this study offers a different perspective 
on the relationship between ethics and the scientific method. Most previous research 
positions ethics as an external regulatory instrument that controls the negative impacts 
of technology after it has been developed. In contrast, this study views ethics as an 
internal component inherent in the knowledge production process itself. From this 
perspective, questions of fairness, responsibility, and social utility must be part of the 
scientific process from the outset, as important as questions of data validity or research 
accuracy. The primary contribution of these findings lies in broadening the 
understanding of scientific objectivity in the AI era. Objectivity can no longer be defined 
narrowly as the ability to produce accurate knowledge free from empirical error. 
Instead, objectivity needs to be understood more comprehensively, incorporating 
elements of social responsibility, distributive justice, protection of individual rights, and 
respect for human values. Thus, the new paradigm of AI-based scientific methods 
demands not only empirical truth and technological efficiency but also a strong ethical 
commitment to ensure that scientific development remains oriented toward human 
well-being and social sustainability. In this context, the philosophy of science serves as a 
reflective foundation, ensuring that technological innovation does not lose its normative 
direction amid the acceleration of digital transformation. 
 
Human–machine integration as a new paradigm of scientific method 

The research findings indicate that the development of Artificial Intelligence (AI) 
does not lead to the replacement of humans in the scientific process, but rather to a 
pattern of increasingly close collaboration between human and machine intelligence. In 
this paradigm, AI functions as a system that excels at large-scale data processing, 
complex pattern identification, simulation of phenomena, and accelerated prediction. 
Meanwhile, humans continue to play an irreplaceable role in conceptual and normative 
aspects, such as formulating research problems, interpreting analytical results, 
validating the meaning of findings, and determining the direction and ethical 
implications of the research. These findings demonstrate that the division of roles 
between humans and machines is not competitive, but rather complementary. 

Rationally, this situation arises from fundamental differences between AI's 
computational capacity and human cognitive capacity. AI excels in speed, scale, and 
consistency in processing large amounts of data, but lacks the reflective consciousness, 
moral intuition, or contextual understanding inherent in human experience (Kim & Lee, 
2025). In contrast, humans possess the ability to make normative judgments, 
understand social context, and provide meaningful interpretations of analytical results. 
However, they are limited in their ability to handle the complexity of vast, 
multidimensional data. Therefore, integrating the two produces a form of scientific 
method better suited to the complexity of contemporary problems. Within this 
framework, AI is not positioned as a replacement for scientists, but rather as a cognitive 
partner that expands thinking capacity and strengthens scientific decision-making 
processes. 

These findings align with Topol's (2019) observation that, in a medical context, 
AI performance is optimal when used as a clinical decision-support tool rather than as a 
substitute for healthcare professionals. In this context, AI accelerates medical data 
analysis, while the final decision rests with healthcare professionals, who consider both 
clinical and ethical aspects. Thus, collaboration between humans and machines has been 
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shown to improve outcome quality without diminishing the role of human judgment. 
This observation reinforces research findings that the primary value of AI lies in its 
ability to work synergistically with humans in a shared decision-making system. 

A similar view was expressed by Brynjolfsson et al. (2023), who found that the 
use of generative AI can significantly increase work productivity, especially when 
human users continue to monitor, evaluate, and validate the system's results. These 
findings suggest that the greatest benefits of AI do not come from full automation, but 
rather from the controlled integration of algorithmic capabilities and human judgment. 
In this context, AI acts as an augmentation tool that extends human capabilities, rather 
than completely replacing them. This aligns with the findings of this study, which places 
human-machine collaboration at the heart of the transformation of the scientific method 
in the digital age. 

Furthermore, a study by Jeblick et al. (2023) showed that using AI, such as 
ChatGPT, in a radiology context can simplify medical reports and improve the efficiency 
of scientific communication. However, the study also emphasized that the use of AI still 
requires human verification to ensure accuracy, information security, and 
appropriateness to the clinical context. Similarities with this study lie in recognizing that 
AI significantly improves the efficiency and quality of scientific work but cannot 
completely replace the role of humans in validation and final decision-making. 

While sharing similarities with previous research, this study offers a broader 
perspective on understanding human-machine integration. Most previous research 
tends to view human-AI collaboration instrumentally, as a means to improve efficiency, 
productivity, or accuracy in a specific field. In contrast, this study views this integration 
as a paradigmatic transformation within the scientific method itself. This means that 
human-machine collaboration not only impacts technical performance but also changes 
the fundamental structure of scientific practice, including how knowledge is generated, 
validated, and interpreted. The primary contribution of these findings lies in affirming 
that the new paradigm of AI-based scientific methods is not simply the result of 
technological adoption, but rather a form of epistemic reorganization between humans 
and machines in the production of knowledge. In this paradigm, science is no longer 
understood as the exclusive product of human labor, but rather as the product of a 
dynamic interaction between AI's computational capacity and human reflective capacity. 
Therefore, the philosophy of science continues to play a crucial role as a normative 
framework that ensures this integration occurs within the boundaries of rationality, 
accountability, and ethical orientation. Thus, human-machine collaboration should not 
only enhance scientific efficiency but also remain directed toward strengthening the 
fundamental goals of science: a better understanding of reality and the enhancement of 
human well-being. 
 
Conclusions 

The development of Artificial Intelligence (AI) has brought about a fundamental 
transformation in the scientific method, encompassing three main dimensions of the 
philosophy of science: ontological, epistemological, and axiological, and giving rise to the 
paradigm of human-machine integration. Ontologically, the object of science shifts from 
direct empirical phenomena to a digital data-based reality mediated by computational 
systems. Epistemologically, there has been a shift from the dominance of causal 
explanations to the strengthening of algorithmic predictions based on complex 
correlations, although still requiring the principles of scientific transparency and 
explainability. Axiologically, the use of AI presents significant ethical challenges, such as 
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bias, injustice, and social inequality, which demand integrating values into the entire 
scientific process. On the other hand, the scientific method in the AI era does not lead to 
human substitution, but rather to a synergistic collaboration between human and 
machine intelligence in the production of scientific knowledge. 

The implications of these findings emphasize that AI plays a role not only as a 
technical tool but also as an epistemic force transforming the fundamental structure of 
modern science. The main contribution of this research lies in developing a conceptual 
framework that integrates ontology, epistemology, and axiology to interpret the 
transformation of scientific methods in the AI era, while also emphasizing the 
importance of the philosophy of science as a normative foundation for maintaining 
rationality, transparency, and social responsibility in AI-based research. Thus, scientific 
objectivity is no longer understood narrowly as value-neutrality, but rather as a balance 
among accuracy, explainability, and social justice in knowledge production. 

This research has limitations because it is entirely based on the literature and 
draws on a limited number of sources, so it does not directly reflect empirical dynamics 
across various contexts of scientific practice. Furthermore, the analysis is conceptual 
and has not been tested through empirical approaches or case studies in specific fields. 
Therefore, further research is recommended using a mixed-methods approach or 
empirical case studies in specific fields such as health, education, or public policy to test 
the validity of the conceptual framework. Future research could also further explore 
how the implementation of AI in scientific practice affects real-world decision-making 
processes and how human–AI collaboration models can be optimized in various 
disciplines. 
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