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Abstract

This study endeavors to conduct an exhaustive analysis of the integration of artificial intelligence 
(AI) into educational and scientific practices, and to elucidate potential pathways for progress in this 
domain. It involves reflecting on the impact of AI across various education domains, the advancement 
of scientific methodologies and discoveries, and the broader societal development. With the help of a 
systematic review of the relevant literature, examples, and trends of the application of AI in education 
and science are studied, emphasizing their methodological and conceptual basis. The qualitative 
approach of this study is based on a systematic analytical review of academic publications, with 
an attempt to identify key topics and trends in the integration of AI in the fields of education and 
science. The critical analysis of relevant research assesses the reliability of the presented evidence 
and applied research methods, and examines the differences and convergence of the approaches of 
different authors. This methodological approach allows a more profound analysis of AI's impact, 
while also exploring AI as an advanced research methodology and analyzing various perspectives and 
contributions of authors within the realms of education and science. The results demonstrate that AI 
integration significantly contributes to improving educational processes, fostering student creativity, 
and enhancing scientific practices. Furthermore, the study identifies research gaps, emphasizing the 
need to explore ethical implications, long-term impacts, and inclusive models of AI. Based on these 
findings, further studies employing longitudinal/ experimental methods and large dataset analyses are 
recommended. The findings are expected to advance research by deepening our understanding of the 
complex interactions between artificial intelligence, education, and science.
	 Keywords: Artificial intelligence, Integration of artificial intelligence, Research and 
educational practices, Advanced method
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	 Artificial intelligence (AI) is 
becoming omnipresent in human life, 
permeating diverse domains of human 
existence. It extends from highly 
specialized fields such as medicine and 
finance to creative disciplines like art and 
entertainment, exerting a progressively 
influential impact on daily activities and 
decision-making processes. Numerous 
processes and cognitive functions in 
contemporary society now rely on AI and its 
associated components. Fundamentally, AI 
is conceptualized as a system characterized 
by defined parameters that enable adaptation 
and response to diverse situations, despite its 
inert nature.
	 According to McCarthy's definition 
(2004), AI is a field of scientific inquiry 
focused on creating intelligent entities, 
especially computer programs. This 
perspective highlights that AI is not solely 
an academic concept but also a practical tool 
with diverse applications in everyday life. 
In scientific research, AI is becoming a key 
factor in transforming traditional approaches 
to data analysis. These technological 
advances open doors for scientists, providing 
them with fresh tools and opportunities 
for research and a deeper understanding of 
complex phenomena. Conventional data 
analysis methods often fail to discover deep 
and subtle patterns. However, AI, especially 
through machine learning and deep learning 
techniques, enables scientists to identify 
complex connections that would otherwise 
go unnoticed.
	 One of the main functions of AI 
in scientific research is to improve the 
productivity of the research process. AI tools 
can automatically collect, organize, and 
analyze data, freeing up researchers' time 
to focus on the creative aspects of research 
and interpreting results. Furthermore, AI 
enables researchers to investigate complex 
phenomena and relationships between 
multiple variables in ways that previously 
required complex and time-consuming 
analytical processes. Also, machine learning 
algorithms can quickly analyze large 
data sets, revealing intricate patterns that 
traditional methods can overlook. This 
capability accelerates research and opens 
new avenues for understanding nuanced 
relationships in areas such as economics, 
health care, and environmental science. For 
example, advancements in AI, as described 

by Daphne Koller, are expected to lead 
to significant breakthroughs in cancer 
research, where AI-driven approaches 
can revolutionize our understanding of 
disease mechanisms (Ray, 2023). Also, AI 
advancements provide a promising avenue 
for rational drug discovery and design, 
potentially influencing various aspects 
of human life. The integration of AI and 
machine learning (ML) is crucial in drug 
development, extending its impact on 
genetics and beyond (Vilhekar & Rawekar, 
2024).
	 AI also plays a key role in improving 
the quality of research. By leveraging 
artificial intelligence techniques, researchers 
can identify potential flaws in research 
design, uncover overlooked aspects of the 
phenomena they study, and improve their 
approaches to produce more reliable and 
relevant results. For example, artificial 
intelligence-driven natural language 
processing (NLP) can analyze vast amounts 
of scientific literature to identify gaps in 
current research, propose new research 
questions, and provide insight into emerging 
trends. Nelson (2024) points out that 
Natural Language Processing (NLP) is 
an interdisciplinary field that studies and 
applies techniques for computer processing, 
analysis, interpretation, and understanding 
of human language. These techniques 
combine methods from the fields of 
linguistics and computer science and are 
used in the development of various digital 
tools such as chatbots and digital assistants 
like Google Assistant and Amazon's Alexa. 
Therefore, artificial intelligence profoundly 
influences scientific research by significantly 
enhancing productivity and research quality, 
fostering innovation, and facilitating the 
exploration of novel methodologies and 
hypotheses. The integration of artificial 
intelligence as a pivotal tool in scientific 
inquiry not only opens new avenues but 
also revolutionizes methodologies for 
scrutinizing and comprehending intricate 
phenomena. Moreover, across all domains of 
education and science, artificial intelligence 
promotes the development of personalized 
learning, optimizes educational processes, 
and drives continual advancements in 
research methodologies. This integration not 
only amplifies the efficiency of educational 
practices but also champions continual 
advancements in science, adeptly catering to 
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the distinct needs of students and researchers.

Purpose of the Study

	 This study aims to reveal the impact 
of AI on traditional data analysis approaches. 
Specific objectives include the analysis of 
scientific research productivity with the 
application of AI tools, the evaluation of 
the impact of AI on the quality of research 
results, the investigation of innovative 
approaches to solving scientific problems 
with the help of AI, the identification of 
challenges and opportunities associated 
with the integration of AI into the 
research process, and the development 
of recommendations for the effective 
application of AI in scientific research. The 
goal is to provide a comprehensive overview 
of the current state of AI application in 
scientific research and contribute to a better 
understanding of its role in the academic 
environment.

Methodological framework

	 The methodology of this research 
paper draws on some recognized authorities 
in the field of qualitative approach, including 
Creswell (2013), and Miles and Huberman 
(1994). Their works provide a theoretical 
and methodological basis for document 
analysis, case studies, critical case analysis, 
and content analysis. The integration of their 
guidelines facilitates a methodologically 
rigorous investigation into the impact of AI 
on traditional data analysis methodologies in 
scientific research.
Through a comprehensive literature review, 
an in-depth analysis of published peer-
reviewed research on the application of 
AI was conducted. This phase involved 
an overview of key concepts, theoretical 
frameworks, and methodologies pertinent to 
the research, alongside a critical appraisal of 
the gathered data. The following methods are 
employed:
Literature review. This is a systematic 
scrutiny of extant scholarly articles and 
literature concerning the utilization of AI in 
scientific inquiry. This stage encompasses 
a survey of primary concepts, theories, and 
methodologies regarding the subject, coupled 
with a discerning appraisal of the existing 
body of knowledge.
Case Studies. A detailed examination 

of multiple case studies illustrating the 
implementation of AI in specific scientific 
research contexts, offers novel insights 
into the practical deployment of AI across 
various fields, allowing the identification of 
challenges, achievements, and limitations. 
According to Dzogovic (2021, p. 118), 
while it is commonly believed that a single 
case study may not yield comprehensive 
insights into phenomena, this method offers 
advantages such as real-time data collection 
and straightforward examples that enhance 
comprehension of the phenomena.
Critical Case Analysis. This involves the 
identification of seminal cases where the 
incorporation of AI into scientific inquiry 
has engendered controversies, encountered 
challenges, or culminated in failures. This 
analytical framework elucidates potential 
impediments and hazards inherent in the 
assimilation of AI into the research paradigm, 
underscored by a discerning appraisal of 
prevailing methodologies.
Content analysis. This involves qualitatively 
examining content from literature reviews, 
case studies, and critical cases to identify 
key topics, trends, and challenges relevant 
to AI's application in scientific research. 
This method enables reflection on potential 
implications and offers recommendations 
for future research directions. Hasanbegovic 
(2015) discusses Kant's theory of analysis, 
emphasizing the critical importance of 
transforming representations into concepts. 
This involves leveraging existing information 
to extract presumed conclusions (p. 111). 
This perspective underscores the importance 
of thorough contemplation and a systematic 
approach to transforming information into 
concepts, thus highlighting the significance 
of reflection and an analytical mindset 
in research endeavors. Hasanbegovic 
further suggests that this methodological 
approach, inherent in scientific methods, 
characterizes analysis as a cognitive 
process that progresses from specific details 
to general principles. This implies that 
analysis can scrutinize intricacies and causal 
relationships or focus on broader contexts 
and developments. Synthesis, positioned as 
a critical juncture in the analytical process, 
consolidates the accumulated elements to 
formulate a comprehensive framework, 
thereby ensuring a profound understanding 
and interpretation of the phenomenon 
(Hasanbegovic, 2015, p. 111). 
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Considering these insights, content analysis 
emerges as a cornerstone method in our 
research, facilitating an in-depth exploration 
of fundamental topics, trends, and challenges 
associated with the application of AI in 
scientific research.
As emphasized by Dzogovic and Bajrami 
(2023), the importance of a qualitative 
approach to research stems from its 
hermeneutic dimensions that emphasize the 
inner logic, deeper meaning, and purpose 
of human activities and social phenomena. 
This approach enables the identification of 
characteristics and patterns that shape social 
situations and problems, thereby contributing 
to a better understanding of the research 
process (p. 165).
The central focus of this paper lies in the 
following research question: How does 
AI alter conventional methodologies 
in scientific data analysis? This inquiry 
serves as the bedrock for subsequent 
investigations, encompassing examinations 
into the influence of AI on data analysis 
methodologies, the interpretation of research 
findings, and the advancement of novel 
theoretical and methodological frameworks 
across scientific disciplines.

Perspectives of AI: Between Science and 
Practice

	 AI can be analyzed through scientific 
inquiry and its practical implementation in 
societal and social contexts. Wang (2019) 
offers a comprehensive perspective, defining 
AI as "a very general term that necessitates 
examination from multiple dimensions to 
establish a precise definition." In contrast, 
Sikic (2021) highlights the inherent 
challenges in defining AI, attributing these 
difficulties to the intricate and diverse nature 
of intelligence itself, which complicates 
straightforward characterization. Due to 
this complexity, it is important to approach 
research in the area of ​​AI in an 

interdisciplinary way, taking into account 
different perspectives and applications. 
Furthermore, a continued adaptation of 
definitions and frameworks for understanding 
AI is crucial for progress in this dynamic and 
rapidly evolving domain.
Sikic (2021) states that instead of insisting on 
a precise definition, many researchers prefer 
to continue their research regardless of any 
formal classification within the field of AI. AI 
has become the focus of intensive research 
and investment, resulting in the development 
of related fields such as robotics, data 
science, and deep learning. This highlights 
the importance of a holistic approach to 
understanding AI while acknowledging its 
complexity and consequences in a wider 
social context. Therefore, observing AI as a 
concept requires a scientific approach and 
a contextual analysis of its practical use in 
society and social processes. This critical 
attitude encourages further reflection on the 
nature and importance of AI, highlighting 
the need for an interdisciplinary approach 
to its study. However, while investments 
in AI are important and promising, it is 
important to emphasize the need for more 
precise analysis and transparency in the 
allotment of these resources. While some 
researchers and companies will benefit from 
large investments, other important research 
and innovation may be neglected or not 
supported. For these reasons, the balance 
between investing in existing AI fields and 
supporting new perspectives and research 
methods requires careful consideration.
	 Buttazzo (2023) visually shows the 
evolution of AI over the years using the 
combined results of Moravec (1998) and 
Kurzweil (2005). A graphical representation 
of Figure 1 clearly illustrates the exponential 
growth of AI, showing that its development 
is fast and continuous. However, this 
presentation may arouse debate and criticism, 
as the AI development forecasts are based on 
assumptions of continued explosive growth.
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	 A critical approach underscores the 
necessity for a more deliberate examination 
of the future of AI. Predictions solely reliant 
on growth trends may prove unreliable, as 
they neglect paradigm shifts and unforeseen 
obstacles that could impede or alter the 
course of development. Thus, while such 
forecasts provide valuable insights, it is 
imperative to approach them judiciously and 
consider the broader context in which AI is 
evolving. A more comprehensive analysis 
should incorporate a multidisciplinary 
perspective, encompassing technical, socio-
cultural, and ethical considerations, to gain 
a more nuanced understanding of the future 
trajectory of AI.
	 Buttazzo (2023) suggests the 
potential for achieving a level of intelligence 
comparable to that of humans by around 
2030, provided the current rate of AI growth 
continues. However, it is important to 
acknowledge that numerous factors could 
affect the actual pace of progress in this field. 
Technically, challenges include the need for 
further algorithm development, improvement 
in data quality, and increased computing 
power required to attain such levels of 
intelligence. Ethical and societal aspects also 
play a significant role, with a need to ensure 
that the development of AI adheres to norms 
of fairness, transparency, and accountability. 
Given the complexity and unpredictability of 
AI development, a skeptical approach to such 
predictions is justified.

	 Prister (2019) highlights AI as one 
of the seven components of the Fourth 
Industrial Revolution, transforming the 
global economy and society. In addition to 
AI, these components encompass robotics, 
nanotechnology, the Internet of Things 
(IoT), autonomous vehicles, quantum 
computing, and 3D printing. Each plays a 
role in modernizing industrial processes, 
accelerating digital transformation, and 
shaping new business and social paradigms.
The division of AI can generally be 
categorized into software-based and 
embedded AI. Within software-based AI, 
various programs are utilized, such as image 
analysis software, search engines, speech 
and facial recognition systems, and virtual 
assistants. On the other hand, embedded 
AI encompasses robots, self-driving cars, 
drones, and similar technologies.
The further classification of AI involves 
the subdivision into Artificial General 
Intelligence (AGI) and Artificial Super 
Intelligence (ASI). AGI is designed to 
address various challenges akin to human 
capabilities, while ASI surpasses the 
intellectual capacities of even the most 
discerning humans across all domains. 
This classification reveals new avenues for 
exploring fundamental inquiries regarding 
the essence of intelligence, consciousness, 
and ethical implications. Moreover, it 
stimulates interdisciplinary collaboration 
among diverse scientific domains to 

Figure 1. 
Exponential growth of AI over the years. For a comparison with biological systems, the vertical axis shows the 
levels of intelligence of some living beings

 
Source: Buttazzo, 2023
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understand and propel advancements in AI, 
emphasizing the paramount importance of 
ethical considerations in developing and 
deploying AI technologies.
PIT (2021) notes that AGI aims to achieve 
capabilities similar to humans, but its 
development is hindered by insufficient 
understanding of the functioning of the 
human brain. On the other hand, ASI 
surpasses human capabilities and can be 
applied in areas such as art, decision-making, 
and emotional relationships, which are 
currently exclusively human traits.
However, despite the high expectations and 
enthusiasm surrounding the potential of 
AI in scientific research, it is imperative to 
recognize and critically assess the challenges 
it encounters. While AI can provide powerful 
tools for data analysis, process optimization, 

and pattern detection, some limitations must 
be considered. For example, data bias can 
lead to unfair or inaccurate results, and the 
lack of interpretability of algorithms can 
hinder understanding of their decisions. 
Additionally, ethical concerns regarding data 
use, privacy, and transparency are becoming 
increasingly important as AI becomes more 
prevalent in scientific research. Therefore, 
scientists must approach AI with a critical 
attitude, exploring its capabilities while 
remaining mindful of its limitations and 
potential risks to ensure the integrity of 
scientific research and the welfare of society 
as a whole.
Buttazzo (2023) impressive illustrates the 
position of ASI in comparison to human 
intelligence through the following diagram 
(Figure 2):

Figure 2. 
Comparison between an artificial superintelligence (ASI) and the intelligence of some living beings [sic].

 
Source: Buttazzo, 2023
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	 Buttazzo (2023) emphasizes the 
importance of understanding differences in 
cognitive abilities among species to fully 
comprehend the potential implications of 
the ASI. The human capacity for complex 
thinking and abstract reasoning places us 
significantly above other species on the 
intelligence scale. If we were to create 
intelligence superior to humans, such an 
entity could possess capabilities beyond 
our imagination and comprehension, with 
implications far surpassing our current 
abilities for understanding and interaction. 
This scenario underscores the challenges 
and dangers that could accompany the 
development of ASI and the need for a 
cautious and thoughtful approach in this 
research area (cf. Figure 2).
	 The preceding context implies the 
imperative of careful planning, regulation, 
and establishment of ethical guidelines 
during the development of artificial 
superintelligence, aiming to minimize 
potential risks and negative societal impacts. 
Also, it is necessary to explore strategies for 
shaping policies and oversight mechanisms 
that promote transparency, accountability, 
and the involvement of all relevant 
stakeholders throughout the development and 
implementation of this technology. Finally, 
it is essential to emphasize the importance of 
considering issues related to education and 
society's preparedness for integrating ASI, 
including adapting legislation, educational 
systems, and cultural norms to enable 
harmonious coexistence with this advanced 
technology.
	 AI is increasingly recognized as a 
transformative tool in scientific research, 
pivotal for generating novel insights and 
breakthroughs across diverse disciplines. 
By optimizing research methodologies 
and conducting rigorous data analyses, AI 
empowers scientists to understand complex 
phenomena better and devise innovative 
solutions to longstanding challenges. This 
technological paradigm serves as a powerful 
analytical tool and catalyzes revolutionary 
advancements in scientific progress, 
fostering multidisciplinary collaboration 
and expanding research frontiers previously 
considered inaccessible.
In recent biomedical research, deep 
learning—a subset of AI—has demonstrated 
remarkable capabilities in accurately 
detecting pathologies such as cancer and 

neurological disorders from medical images 
(Litjens et al., 2017). AI plays a crucial role 
in climate science by processing extensive 
datasets to forecast climate change patterns 
and develop strategies for adapting to and 
mitigating adverse impacts (Rasp et al., 
2018). In astrophysics, AI leverages deep 
learning algorithms to analyze vast space 
datasets, facilitating the discovery of new 
stars, galaxies, and cosmic phenomena 
(Schawinski et al., 2017). Genomics 
utilizes AI to analyze genetic data, identify 
disease patterns, and enable personalized 
medical therapies (Libbrecht & Noble, 
2015). Ecological research employs AI for 
monitoring and analyzing environmental 
data, predicting ecosystem dynamics crucial 
for biodiversity conservation (Wäldchen 
& Mader, 2018). In materials science, 
AI accelerates research through virtual 
modeling and simulation of new materials' 
properties, expediting development for 
specific characteristics (Butler et al., 2018). 
Linguistics benefits from AI through analysis 
of language patterns, machine translation, 
and the development of natural language 
processing tools, advancing understanding 
of linguistic phenomena and language 
technologies (Manning et al., 2014).
	 Miller (2019) explores integrating 
insights from the social sciences to enhance 
AI's explainability. The study emphasizes the 
significance of contrastive questions, biases 
in explanation selection, social aspects, and 
causal relationships in AI models. Miller 
underscores these principles' potential 
to enhance AI system explainability and 
advocates for interdisciplinary research to 
develop advanced models that better reflect 
human cognitive processes and social 
contexts.
	 Within healthcare, AI applications are 
rapidly evolving, demonstrating promising 
outcomes in aging and longevity research. 
Multidisciplinary AI approaches integrate 
advanced capabilities like generalization, 
strategic learning, and generation of models 
and data from learned features, expected 
to lead to new applications in preventive, 
regenerative, and restorative medicine 
(Zhavoronkov et al., 2019). AI's evolution 
signifies a shift from a concept with limited 
proof-of-concept examples to a widely 
embraced and impactful trend in healthcare. 
It is evident from the previous content that 
AI plays a key role in scientific research 
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by improving data analysis and exploiting 
advanced computer methods. Its contribution 
has a significant impact on scientific progress 
and fostering interdisciplinary partnerships.

The Methodological Innovation: AI's 
Transformative Role in Academic 
Research and Education

	 In recent years, the continued 
advancement of AI has ushered in a 
transformative era in our understanding of 
science and education. This technological 
evolution has revolutionized learning and 
research methodologies and fundamentally 
redefined the paradigms within which 
scientific inquiry and education operate. 
AI has progressed from a theoretical 
concept to a dynamic tool that propels 
innovation in instructional practices, 
research methodologies, and strategies for 
tackling complex scientific challenges. 
This technological progress has reshaped 
our perception of science and education, 
unlocking new avenues for discovery that 
are just beginning to be systematically 
investigated.
	 According to the research of 
Kahraman et al. (2010), solving the problems 
faced by modern education systems requires 
the integration of adaptive and intelligent 
approaches within hypermedia models. 
These approaches, such as personalized 
curricula, dynamic assessments, and 
individualized feedback, as well as the use 
of AI and learning analytics in the intelligent 
approach, represent key strategies to ensure 
tailored and effective learning, catering to 
different learning styles and student needs. 
However, beyond the implementation of 
these approaches, it is crucial to thoroughly 
assess the readiness of educational 
institutions to embrace new technologies and 
approaches and to identify the resources and 
training needed for successful integration. 
Furthermore, promoting collaboration 
between educational institutions, technology 
companies, and research organizations is 
necessary to ensure the support, resources, 
and expertise required for the successful 
transformation of education in the digital 
age. This collaboration not only fosters the 

exchange of best practices but also provides 
support in developing tailored technological 
solutions and ensures continuous education 
of teachers and educators on new teaching 
methods.
	 Schmelzer (2019) highlights the 
advantages that AI offers across diverse 
domains of human endeavor, notably 
in education and science. His analysis 
underscores how AI, coupled with learning 
reliant on information and communication 
technologies, fosters improvements in 
the quality and standards of education. 
Moreover, recent advancements have 
empowered programmers to instruct 
computers in executing intricate tasks, 
potentially enhancing the learning approach. 
Consequently, a cautious and deliberate 
approach is imperative in integrating AI into 
academic settings to ensure that technological 
progress supports educational objectives and 
principles without compromising them.
Schmelzer (2019) states that one of the 
significant challenges in education is the 
variation in individuals' learning styles. 
Students have different skill levels and 
learning preferences. While some are more 
oriented towards “left-brain” analytical 
thinking, others show greater skill in creative 
and literary thinking, which is typical 
of “right-brain” thinking. Furthermore, 
individuals face various challenges, such 
as physical and mental difficulties or the 
need to learn new languages and scripts. 
However, notwithstanding the manifold 
benefits AI brings to education, it is essential 
to avoid overlooking the intricacies of 
individual differences in learning styles. 
Incorporating AI into academia demands 
careful consideration to safeguard against the 
marginalization of students' individual needs 
and diverse learning preferences.
Crompton and Burke (2023) offer a 
comprehensive and systematic examination 
of the unique findings arising from research 
into the integration of AI in higher education 
(HE) from 2016 to 2022, highlighting a 
trend of increased AI adoption. Using visual 
representations (cf. Figure 3), they offer 
valuable information about the use of AI in 
the academic domain.
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	 The longitudinal analysis of AI 
utilization in higher education from 2016 
to 2022, as illustrated in Figure 3, indicates 
substantial shifts. Crompton and Burke 
(2023) conducted a study encompassing 
138 studies across 31 countries spanning six 
continents, revealing Asia as the predominant 
region, commanding a 41% share. Europe 
followed suit with 30%, while North America 
contributed 21%. Notably, the United States 
and China emerged as frontrunners in the 
number of studies conducted. A discernible 
decrease in AI utilization was observed in 
2019, succeeded by a noteworthy resurgence 
in subsequent years, particularly in 2021 
and 2022. This temporal pattern implies an 
enduring upsurge in interest and deployment 
of AI in higher education, instigated by the 
COVID-19 pandemic and the swift transition 
to digital learning paradigms. Despite 
transient fluctuations, an overarching trend 
of stable growth in AI adoption is evident, 
underscoring its increasing significance in 
augmenting educational pedagogies and 
learning modalities.
	 The utilization of AI, particularly 
through expert systems, holds promise in 
delivering tailored learning experiences 
that cater to individual student needs and 
preferences. Nonetheless, a paramount 
concern arises regarding safeguarding the 
teacher's pivotal role amidst technological 
advancements. Safeguarding that these 

technological tools complement rather than 
overshadow the expertise and guidance 
teachers provide is imperative. Moreover, 
exploring effective strategies for integrating 
AI technologies in educational settings 
while upholding ethical and pedagogical 
standards is crucial. Thus, from an academic 
perspective, there is an urgent need to strike 
a delicate balance between leveraging AI 
for personalized learning experiences and 
safeguarding the essential role of teachers in 
fostering meaningful learning environments.
While personalized learning and tailored 
learning experiences offer significant 
advantages for individual students, there is a 
growing apprehension regarding the potential 
for technological innovations to supplant 
the human element in education. Expert 
systems, although potent tools, may not fully 
replicate the intricate dynamics of human 
interaction and the intuitive comprehension 
that educators impart to their students. 
Consequently, it becomes imperative to 
address issues of accessibility, inclusivity, 
and potential biases in the integration of such 
technological solutions into education.
	 Moreover, ensuring that expert 
systems remain abreast of the latest scientific 
discoveries and pedagogical methodologies, 
while also being adaptable to evolving 
educational needs and objectives, is 
paramount. While existing research lays 
the groundwork for comprehending the 

Figure 3. 
Chronological trend in AIEd in HE

 

Source: Crompton, & Burke, 2023
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integration of AI in education, delving 
deeper into the multifaceted implications 
and challenges posed by these technological 
advancements is essential. A systematic 
analysis is warranted to ensure that 
technology supplements rather than replaces 
the human dimension of education, while 
also maintaining an equilibrium between 
innovation and traditional pedagogical 
approaches.

AI in Academic Research and Education: 
A Critical Methodological Evaluation 

	 AI is garnering increasing attention 
in the educational sphere, promising to 
revolutionize education and research. A 
critical examination of AI's integration 
into academic research and education 
reveals its multifaceted nature, presenting 
both opportunities and challenges. Jursic 

(2020) highlights AI's potential benefits for 
students and educators, enabling on-demand 
access to education via mobile devices and 
providing personalized learning experiences 
and enhanced interactivity. However, these 
advantages are accompanied by challenges 
such as over-reliance on technology, unequal 
accessibility, and the need for ongoing 
refinement of AI tools to meet evolving 
educational demands. A comprehensive 
exploration of AI's role in education and 
research offers insight into its transformative 
impact, emphasizing the importance of 
considering both its merits and drawbacks.
	 The importance of AI in higher 
education is essentially confirmed by a study 
published by Global Market Insights, which 
states that the revenue of the AI market in 
higher education is about two billion dollars 
(Figure 4):

Figure 4. 
Global AI in Education Market, by Region, 2018-2022 ((USD Million)

 
Source: Global Market Insights, 2022
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	 Guilherme's (2017) research 
underscores the critical importance of 
seamlessly integrating technology into 
educational frameworks. In today's 
technologically driven society, Guilherme 
argues for embedding technological literacy 
within educational curricula to enhance 
the learning process. He emphasizes 
that integrating technology is not only 
advantageous but imperative for educational 
progress. Guilherme asserts the urgent need 
to develop technologies and educational 
programs aligned with pedagogical 
objectives, crucial for advancing educational 
outcomes holistically. This integration offers 
real-time feedback to learners, enhancing 
interactivity and efficiency in learning 
processes (Guilherme, 2017).
	 AI presents numerous opportunities 
to address diverse educational needs. Its 
adaptive algorithms and interactive interfaces 
enable a dynamic, personalized approach to 
delivering content, particularly beneficial for 
tackling individual learning challenges and 
optimizing comprehension. Additionally, 
AI-driven learning materials can effectively 
address user-specific weaknesses, potentially 
transforming traditional educational methods 
(Statista, n.d.).

For instance, AI integration into the 
educational process facilitates advanced 
practices, such as analyzing students' tests 
to create customized tasks and courses. A 
growing trend is the use of virtual learning 
mentors, where AI-based platforms monitor 
student progress and provide support. 
While human teachers are indispensable 
for fully understanding individual needs, 
virtual mentors offer valuable feedback that 
enhances the student experience (Statista, 
n.d.).

	 The integration of AI into educational 
settings marks a transformative era in 
education. AI fosters adaptive learning 
environments that respond to students' 
evolving needs and preferences, creating 
personalized pathways tailored to individual 
learning styles and abilities. Additionally, 
AI-powered educational assistants, 
leveraging machine learning algorithms, 
provide real-time support and guidance, 
enriching learners' educational journeys. 
Despite these advancements, it is crucial to 
recognize AI's limitations in capturing the 

nuanced socio-emotional aspects of human 
interaction and learning. Human educators 
possess a unique capacity for empathy and 
understanding, essential for fostering holistic 
growth and development. Therefore, while 
AI offers significant potential for educational 
enhancement, its implementation requires 
careful consideration of ethical implications 
and the preservation of human-centered 
pedagogical approaches.
	 Jursic (2020) emphasizes the 
significant role of AI in education, 
highlighting its benefits for both educational 
institutions and teachers. Continuous 
evaluation and diverse strategies allow 
institutions to identify AI's weaknesses and 
adapt it to meet their specific needs. For 
instance, the Coursera platform enables 
teachers to pinpoint gaps in student 
knowledge through notifications about 
common mistakes. The implementation of 
modern technologies such as virtual reality 
(VR) and the gamification of educational 
processes enhances student engagement. 
Additionally, algorithms personalize the 
educational experience by providing 
customized recommendations and training 
programs. Overall, the advancement of 
AI in education offers numerous benefits, 
improving the quality of teaching and 
facilitating a personalized approach to 
learning (Jursic, 2020).
	 However, despite these advantages, 
it is crucial to examine the challenges 
associated with AI technology. These 
challenges include data privacy issues, 
disparities in technology access, the necessity 
for teacher training, and the long-term effects 
of AI on student learning and development. 
Addressing these challenges is essential for 
understanding the comprehensive impact of 
AI in education.
	 Having investigated the role of AI 
in higher education, Black and William 
(2010) emphasized that AI facilitates more 
efficient curriculum design, saving educators 
time by automating the generation of 
curricula and providing access to educational 
materials. This approach highlights AI's 
potential to streamline administrative 
tasks in education, allowing teachers to 
concentrate on other aspects of learning and 
teaching. Guilherme (2017) underscores how 
e-learning frequently employs AI as a crucial 
tool in the educational process. Learning 
objects, which encapsulate the knowledge 
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and educational materials, are hosted on 
platforms that facilitate interaction among all 
participants in the e-learning process. These 
platforms provide quick and easy access to 
information, regardless of the user's location, 
thereby simplifying the process of acquiring 
knowledge. Additionally, AI enhances 
educational platforms by offering specific 
advantages tailored to teachers' experiences 
and skills, improving the quality of the 
educational experience.
	 Jursic (2020) highlights the use of 
machine learning in education to analyze 
information, conclude, and perform various 

tasks. This technology enables platforms to 
instruct with a wealth of data and provide 
various forms of learning support, including 
personalized learning, voice assistants, and 
intelligent content. In addition, Vusumuzi 
Maphosa and Maphosa (2023) employed 
biometric analysis and topic modeling 
approaches to explore AI in higher education. 
By showcasing trends in publications and 
citations related to AI (Figure 5), their 
research offers insights into the growing 
interest and impact of this technology within 
the academic community.

Figure 5. 
Publication and citation trends

 

Source: Maphosa, V., & Maphosa, M., 2023

	 The presented graph indicates a 
significant increase in citations of research 
on AI in higher education over the past three 
years. Specifically, the number of citations 
rose from 215 in 2019 to 911 in 2020, 
peaking at 3086 in 2021, demonstrating 
a growing interest in AI research within 
this field, supporting the claim that 88% 
of all articles from this period focus on 
AI in higher education (Maphosa & 
Maphosa, 2023). These studies underscore 
the importance of continued investigation 
in this area, and suggest a burgeoning 

interest in the application of AI in higher 
education, necessitating further research to 
better comprehend the possibilities of this 
technology for education.
	 In the realm of higher education and 
scientific inquiry, the research underscores 
the pivotal role played by AI in tailoring 
learning experiences to individual students. 
Bajaj and Vidushi (2018) exemplify AI's 
practical application through platforms 
such as Carnegie, which offers specialized 
courses like Clear Math, Clear Literacy, 
and Clear Services, meticulously crafted to 
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meet the unique needs of each learner. Jursic 
(2020) accentuates how AI streamlines the 
feedback process by providing personalized 
instructions and assessments, empowering 
students to effectively bridge their knowledge 
gaps. Moreover, advancements in facial 
expression analysis facilitate the adaptation 
of teaching materials to suit the specific 
requirements of students. Concurrently, 
voice assistants like Alexa, Siri, and 
Google Home are increasingly prevalent 
in educational environments, simplifying 
access to information and fostering improved 
communication. For instance, Arizona State 
University's utilization of Alexa for routine 
campus operations exemplifies a commitment 
to enhancing student engagement within the 
educational framework (Jursic, 2020).
	 In higher education, AI introduces 
a specific component known as 'smart 
content,' which refers to electronic 
renditions of educational materials. These 
resources facilitate customized learning 
experiences through digital platforms, 
including e-books, interactive audio, and 
video materials. Additionally, traditional 
educational materials can be digitized to 
align with electronic learning formats. This 
comprehensive approach extends to digitized 
textbooks and other resources tailored 
precisely to the demands of electronic 

educational processes. Moreover, smart 
content encompasses interactive learning 
resources, bespoke applications, and 
interfaces designed to enhance personalized 
learning and foster heightened student 
engagement.
Nitin Sharma (2024) summarizes five ways 
in which AI will impact education in the 
coming years, drawing on existing research. 
Firstly, AI will facilitate personalized 
learning experiences by tailoring instruction 
to the individual needs of students. Secondly, 
it will drive the development of intelligent 
tutoring systems, enhancing support for 
students throughout their learning journeys. 
Thirdly, AI is poised to revolutionize 
administrative tasks within educational 
institutions, streamlining processes for 
greater efficiency. Fourthly, it will introduce 
predictive analytics to higher education, 
enabling the early identification of potential 
learning challenges and timely support 
provision to students. Finally, AI will equip 
educators with advanced data analysis tools, 
potentially elevating the quality of teaching 
and assessment practices. These findings 
emphasize the paramount significance of 
ongoing research and the integration of AI 
into education to optimize effectiveness and 
individualize learning experiences (cf. Figure 6).
	

Figure 6. 
Five Ways AI Will Impact Education

 
Source: Sharma, 2024
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	 According to Kumar (2019), AI 
is increasingly being applied in higher 
education, providing customized options for 
students with visual or hearing impairments. 
Numerous software solutions, such as 
Presentation Translator, utilize AI technology 
to convert text into real-time audio speech, 
facilitating access to educational materials 
for blind and visually impaired students. In 
the educational industry, many platforms 
are leveraging AI such as DreamBox, Khan 
Academy, and Achieve3000, which enable 
knowledge analysis, provide feedback, and 
suggest personalized improvement plans 
(Kumar, 2019). However, despite these 
benefits, it is crucial to delve deeper into 
research on the integration of AI technology 
into various academic disciplines and fields 
of study to foster interdisciplinary learning 
and research. This would involve analyzing 
specific challenges and opportunities that 
may arise from the application of AI in 
different contexts, considering contextual 
differences and the specificities of individual 
disciplines. Additionally, it is important 
to explore how different methods and 
techniques of AI can contribute to various 
disciplines, encouraging the creation of 
innovative approaches to learning and 
research across a broader spectrum of 
scientific fields.
The utilization of AI in the education sector 
is on the rise, as evidenced by examples 
from companies like Third Space Learning, 
Mali Zmaj, CTI, Brainly, Carnegie Learning, 
and ThinkerMath, as underscored by Jursic 
(2020). Concurrently, Devedzic (2004) 
stresses the significance of research and 
development in web intelligence (WI) and 
artificial intelligence (AI) across various 
contexts, emphasizing aspects such as 
machine learning, distributed intelligence, 
and the synergy between web technology and 
intelligent agent technology. These endeavors 
aim to adapt to the environment and execute 
intelligent functions, potentially driving 
enhancements in the education sector. Chen, 
Chen, and Lin (2020) elucidate a prevailing 
association between AI and supercomputing 
paradigms, characterizing AI as a 
sophisticated system endowed with advanced 
data processing capabilities and adaptive 
functionalities, including the emulation of 
human cognitive faculties and interactive 
engagement with users.
	

	 Despite the manifold advantages, 
the deployment of AI in education is 
not devoid of challenges. Kumar (2019) 
underscores a critical limitation in the 
developmental trajectory of AI, asserting 
its incapacity to evolve through iterative 
learning processes akin to human cognition, 
thereby potentially fostering a reliance 
on technological solutions. Moreover, the 
deficiency in interactive interfaces and the 
substantial financial outlay requisite for 
AI deployment pose formidable obstacles 
to its widespread adoption. Jursic (2020) 
accentuates a pertinent socioeconomic 
dimension, highlighting the fiscal constraints 
confronting a considerable segment of 
users, which impede their access to requisite 
AI infrastructure, thereby exacerbating 
disparities in technological access among 
students.
	 In a broader context, the integration 
of AI into education primarily occurs 
through computer systems and software 
solutions. However, Chassignol et al. (2018) 
observe a broadening of AI applications 
to include embedded computing systems, 
sensors, and other advanced technologies, 
signaling its expanded scope. Consequently, 
AI transcends its status as merely a subject 
of research, evolving into a theoretical 
framework that catalyzes the development of 
innovative educational models and scientific 
advancements. By characterizing AI as a 
discipline addressing cognitive challenges, 
Chassignol et al. (2018) underscore how its 
theoretical underpinnings have stimulated 
the creation of computer systems capable 
of tasks akin to human intelligence, such as 
speech recognition, visual perception, and 
decision-making.
Pokrivcakova (2019) conducts a 
comprehensive analysis of AI, with a 
particular focus on its impact on the 
educational sector. She emphasizes that 
the evolution of AI stems from extensive 
research and development involving various 
experts, including system designers, data 
scientists, and psychologists, among others. 
Their collective objective is to cultivate 
educational systems endowed with a certain 
level of intelligence, capable of supporting 
educators and fostering students' acquisition 
of knowledge and skills pertinent to a 
dynamic world (Pokrivcakova, 2019). 
Similarly, Chen, Chen, and Lin (2020) define 
AI as the development of machines capable 

     306FROM THEORY TO PRACTICE: A HOLISTIC STUDY OF THE APPLICATION OF ARTIFICIAL INTELLIGENCE...



of executing human functions, encompassing 
cognitive processes, learning, decision-
making, and environmental adaptation. 
	 Efforts to integrate artificial 
intelligence (AI) into the educational 
sector can be significantly bolstered 
by prioritizing the implementation of 
personalized educational strategies, the 
adaptation of teaching methodologies to 
cater to individual student requirements, and 
the refinement of evaluation and progress 
monitoring processes. The utilization of 
intelligent data analysis systems facilitates 
a profound comprehension of student needs 
and preferences, thereby streamlining the 
customization of educational content for 
enhanced efficacy. Moreover, virtual learning 
platforms afford access to educational 
resources irrespective of geographical 
constraints, fostering interactivity and 
student engagement across diverse online 
mediums and tools. This paradigm shift in 
technological innovation and educational 
methodologies constitutes a notable 
milestone in augmenting the efficiency and 
accessibility of higher education.
	 The effectiveness of the integration 
of AI in the education sector can be further 
increased by focusing on the implementation 
of personalized educational approaches, 
adapting teaching methods to the individual 
needs of students, and improving the process 
of assessment and monitoring of progress. 
The use of intelligent systems for data 
analysis enables a deeper understanding of 
the needs and preferences of students, which 
results in a more effective adaptation of 
learning content. In addition, virtual learning 
enables access to educational resources from 
remote locations and encourages student 
interactivity and participation through 
various online platforms and tools. This 
advancement in the use of technology and 
new educational methods represents a key 
milestone in improving the efficiency and 
accessibility of higher education.
	 The integration of AI in education 
and scientific research leverages extensive 
databases to retrospectively analyze past 
experiences and proactively anticipate 
future needs, presenting an unparalleled 
opportunity to spur economic and social 
progress through innovative advancements 
in all spheres of human endeavor (Verma, 
Smith, & Johnson, 2021). This pioneering 
application of technology not only 

deepens our understanding of student 
needs and preferences but also enriches 
the customization of educational content, 
thereby optimizing educational processes. 
Geryk (2023) underscores the transformative 
potential of AI in higher education, positing 
it as a catalyst for personalized learning and 
universal access to educational resources, 
thereby fostering interactivity and student 
engagement across a myriad of online 
platforms and tools.
	 A prominent example of 
contemporary AI systems tailored for natural 
language interaction is ChatGPT, developed 
by OpenAI. This sophisticated tool serves 
various functions, including human-like 
conversational interactions, rendering it 
indispensable in educational and scientific 
domains. As highlighted by Vincek (2023), 
ChatGPT finds utility across different 
echelons of higher education and scientific 
research, offering invaluable support in 
learning, teaching, research, and evaluation 
processes.
	 The versatility of ChatGPT extends to 
text generation, complex question answering, 
and the creation of tailored educational 
materials. This multifaceted tool empowers 
students with prompt and accurate responses 
to their inquiries, thereby facilitating 
seamless learning and research endeavors. 
Furthermore, ChatGPT's adaptability enables 
personalized learning experiences, catering 
to individual student needs and nurturing 
critical thinking skills. For the above reasons, 
the seamless integration of ChatGPT into 
educational and scientific frameworks is 
a significant step towards the use of AI 
to improve the quality and efficiency of 
education.
	 In conclusion of this section, it is 
necessary to point out that although artificial 
intelligence offers countless opportunities 
in education, prudent supervision and 
regulation are imperative to ensure that 
its implementation complies with ethical 
principles and legal standards, preserving 
the privacy and rights of all stakeholders. 
Rigorous monitoring and evaluation 
mechanisms are essential to mitigate 
potential misuse or adverse repercussions. 
Transparent guidelines are indispensable 
to elucidate the rationale and parameters 
governing AI utilization, fostering an 
equitable and responsible educational 
landscape. Striking a harmonious balance 
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between innovation and accountability is 
paramount, preserving the human-centric 
ethos of education whilst harnessing AI as 
a potent tool for educational enhancement. 
Such a nuanced approach not only fosters 
personalized learning but also cultivates an 
inclusive educational milieu that adheres to 
pertinent regulatory frameworks. By adopting 
this balanced and deliberate approach, we can 
optimize AI's potential, ensuring its seamless 
integration into the educational landscape, 
characterized by fairness, responsibility, and 
human-centeredness.

Identification of Deficiencies and Future 
Research

	 While the use of AI in education 
has shown significant promise, there are 
specific gaps that demand attention through 
forthcoming research endeavors. A primary 
concern lies in the ethical implications 
associated with integrating AI into 
educational settings. Despite the presence 
of guidelines and regulations, a deeper 
understanding of how these technologies may 
affect students' privacy, autonomy, and the 
assurance of their rights is essential.
Moreover, there is an urgent need to explore 
the long-term effects of AI on educational 
outcomes. While initial studies have 
demonstrated enhancements in efficiency 
and student engagement, a comprehensive 
understanding of the enduring impact of 
continuous AI implementation on profound 
learning and critical thinking remains limited. 
Further investigations hold the potential to 
shed light on these dynamic and long-range 
effects.
Another significant gap relates to the 
imperative of refining AI to better 
comprehend and adapt to the cultural and 
linguistic diversities among students. Many 
current AI systems have been developed 
based on datasets that may not adequately 
represent the diversity within the global 
student population. Research efforts aimed 
at creating more inclusive and equitable AI 
models could substantially enhance access to 
and the quality of education for all students.
Moreover, exploring how AI can support 
teaching practices is crucial, extending 
beyond mere automation and data analysis to 
encompass the facilitation of teaching plan 
development and pedagogical strategies. 
Research focusing on the seamless 

integration of AI into educators' daily 
routines could open up new avenues for 
professional development and enhance the 
efficiency of the instructional process.
	 Finally, future research 
should prioritize the development of 
interdisciplinary methodologies, integrating 
technology, pedagogy, and psychology to 
create holistic educational paradigms. Such 
an approach holds promise in fostering 
educational environments characterized not 
only by technological sophistication but also 
tailored to accommodate the individual needs 
and potentials of each student.
	 These research gaps present 
significant challenges but also offer 
opportunities for further advancement 
and refinement in the deployment of AI in 
education. The overarching objective is 
to foster inclusive, effective, and ethically 
accountable educational frameworks.

Conclusion

Integrating AI into educational systems and 
scientific research represents a key paradigm 
for enhancing the quality of education and 
fostering innovation in scientific disciplines. 
By utilizing diverse tools and techniques of 
artificial intelligence, the learning process 
becomes more dynamic and efficient, 
encouraging creative thinking and problem-
solving among students. Moreover, AI 
facilitates collaboration among various 
stakeholders in the educational process, 
promoting multidisciplinarity and the 
exchange of ideas. In the context of scientific 
research, intelligent researchers play a crucial 
role in discovering new patterns, trends, and 
research directions. Their ability to analyze 
large datasets enables faster decision-making 
and the identification of potential areas of 
interest. This process not only accelerates 
progress in scientific disciplines but also 
encourages continuous innovation and the 
development of new methodologies.
In conclusion, the integration of AI into 
education and scientific research lays the 
groundwork for a new era of progress 
and discovery. Through the synergy of 
technological capabilities and research needs, 
space is created for the creation of new 
paradigms in education and science, resulting 
in not only the enhancement of the quality of 
education but also the encouragement of further 
scientific growth.
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