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Abstract

Purpose: In the age of information explosion, the increasing volume of
scientific documents has made the correct and efficient retrieval of
information a primary challenge for researchers. Traditional information
retrieval systems face limitations in meeting the complex needs of users
amidst this massive amount of data. Meanwhile, Artificial Intelligence (Al)
offers immense potential to significantly improve information retrieval
processes through solutions like natural language processing,
personalization, and semantic search. Despite numerous studies in this
field, there is a severe lack of a comprehensive and systematic framework
that uniformly identifies, evaluates, and prioritizes the practical components
of Al for the information retrieval systems of specialized scientific journal
databases. Aiming to fill this research gap, this study seeks to answer the
fundamental question: What is the appropriate framework for applying Al
components in the information retrieval systems of specialized scientific
journal databases. The main objective is to present a validated and
operational framework for the intelligent enhancement of these systems.
Methodology: This research is applied in its purpose and qualitative with
an exploratory-mixed-methods approach. The research process was
conducted in two main phases. In the first phase, the meta-synthesis method
was used, reviewing relevant articles from 2000 to 2025 to extract effective
Al components. Out of 219 initial articles, 112 were selected for final
analysis. In the second phase, the Fuzzy Delphi technique was employed
over two rounds with a panel of 19 experts to validate and refine the
extracted components. The validity of the tools was confirmed, and
reliability was confirmed by Cronbach's alpha (0.823).

Findings: The meta-synthesis phase resulted in the extraction of 48 Al
components. After the two-round Fuzzy Delphi evaluation, 33 components
were ultimately confirmed as effective tools for implementation in
information retrieval systems. These 33 final components were classified
into seven main categories, which, according to the experts and in order of
importance, are: "Intelligent Search and Recommendation,” "Advanced
Analytics and Smart Applications,”" "Natural Language Processing," "Text
Evaluation, Enrichment, and Improvement,” "Semantic Analysis,
Organization, and Information Extraction,” "Multimedia Generation and
Processing," and "Language Translation and Conversion.".

Discussion and Conclusion: This research, while presenting a final and
comprehensive framework, emphasizes the necessity for policymakers to
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adopt a strategic view of Al's role. The proposed framework is not merely a
technical list but a strategic roadmap that reveals the logic for making these
specialized databases intelligent. The experts' prioritization indicates a
paradigm shift from viewing a system as a "repository of documents” to an
"intelligent research assistant”. The high ranking of "Intelligent Search and
Recommendation” highlights the critical importance of user experience and
understanding latent needs. "Advanced Analytics” (ranked second)
underscores the key role of Al in maintaining the integrity and credibility of
the scientific ecosystem. Ultimately, by providing this prioritized
framework, this study helps system managers guide their investments in a
phased and effective manner to enhance information retrieval systems of
these databases.
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Introduction

In the contemporary era, characterized by an unprecedented explosion
of information, the exponential growth of scientific documents has
rendered the correct and efficient retrieval of information a primary
challenge for researchers. Statistical analyses indicate that the annual
growth rate of scientific output has accelerated significantly, with
millions of records added annually to the global corpus of science and
engineering, creating a crisis of "information overload™ that contrasts
sharply with the limited cognitive capacity of human researchers.
Traditional information retrieval systems, which largely rely on
keyword matching and Boolean models, face structural inefficiencies
and limitations in meeting the complex, multifaceted needs of users
amidst this massive volume of data. These traditional systems often
struggle with vocabulary mismatches and a lack of semantic
understanding.

Concurrently, Atrtificial Intelligence (Al) has emerged as a
transformative technology with the potential to bridge this gap.
Through capabilities such as Natural Language Processing (NLP),
machine learning, personalization, and semantic search, Al offers
solutions to significantly enhance information retrieval processes.
However, despite numerous studies investigating specific tools like
chatbots or recommender systems in isolation, there is a severe lack of
a comprehensive, systematic framework that uniformly identifies,
evaluates, and prioritizes the practical components of Al specifically
for the unique context of specialized scientific journal databases.
Unlike general web search engines, these databases deal with
structured metadata and validated content, requiring a tailored
approach to intelligence.

Purpose

Aiming to fill the identified research gap, this study seeks to answer
the fundamental question: What is the appropriate framework for
applying and prioritizing Al components in the information retrieval
systems of specialized scientific journal databases? The primary
objective is to move beyond theoretical discussions and present a
validated, operational roadmap for the intelligent enhancement of
these systems. By identifying the most effective components and
ranking them based on expert consensus, this research intends to
provide system managers and policymakers with a strategic guide to
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direct their investments effectively, transforming these databases from
static repositories into intelligent research assistants.

Method

This research is applied in terms of purpose and utilizes a qualitative,
exploratory mixed-methods approach to ensure a rigorous and
comprehensive outcome. The research process was conducted in two
distinct phases. In the first phase, the seven-step meta-synthesis
method proposed by Sandelowski and Barroso was employed. The
researchers conducted a systematic review of relevant literature
published between 2000 and 2025. This extensive search covered both
international databases (such as Web of Science and Google Scholar)
and national databases (such as SID and Magiran). Keywords related
to Al, information retrieval, NLP, and scientific databases were used
to retrieve documents. Out of 219 initial articles, rigorous screening
based on inclusion and exclusion criteria—such as relevance to
retrieval systems and availability of full text—resulted in the selection
of 112 final articles for in-depth content analysis. This analysis led to
the extraction of 48 initial Al components.In the second phase, the
Fuzzy Delphi technique was employed to validate, refine, and
prioritize the extracted components. A panel of experts comprising 22
specialists in the fields of Information Science and Artificial
Intelligence participated in two rounds of evaluation. The Fuzzy
Delphi method was chosen to handle the uncertainty and subjective
nature of expert opinions, converting linguistic variables into fuzzy
numbers for precise analysis. Components were retained only if they
met a strict threshold (defuzzified value difference d<0.2) and
achieved a consensus agreement of at least 75% among the experts.
The validity of the tools was confirmed through content validity, and
reliability was established with a Cronbach's alpha of 0.823.

Findings

The findings of this study provide a granular and hierarchically
organized framework for integrating Al into scientific databases. The
rigorous Fuzzy Delphi process filtered the initial 48 components down
to 33 confirmed, high-impact components, which were then classified
into seven main categories. The most significant finding of this
research is the prioritization of these categories by the expert panel,
which reveals a strategic shift in expectations for modern scientific
databases. Fig.1 shows the hierarchically organized framework for
integrating Al into scientific databases.
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Figure 1 - Framework for Applying Artificial Intelligence Components
in the Information Retrieval Systems of Scientific Databases
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The first and most critical category identified is "Intelligent Search
and Recommendation”. This category ranked highest, underscoring
the vital importance of User Experience (UX) and the system's ability
to understand latent user needs. Five specific components were
confirmed in this category: "Personalized Recommendation Systems,"
which tailor results based on user history; "Intelligent Recommender
Systems,” which suggest relevant resources proactively; "Advanced
Intelligent Search," for precise retrieval in large datasets; "Question
Answering (QA),” which provides direct answers rather than
document lists; and "Future Research Trend Prediction,” which guides
researchers toward emerging topics.

The second-highest priority is "Advanced Analytics and Smart
Applications”. This category emphasizes the role of Al in maintaining
the integrity and credibility of the scientific ecosystem. Seven
components were validated here, including "Fake News/Information
Detection” and "Deepfake Image Detection,” which address the
growing concern of misinformation. Other key components include
"Plagiarism Detection™ to ensure originality, "Scientific Paper Quality
Evaluation” to assess merit automatically, and "Citation Network
Analysis” to map scholarly impact. This ranking suggests that
intelligence is viewed not just as a search tool, but as a gatekeeper of
scientific quality.

Ranked third is "Natural Language Processing (NLP)". While
technical in nature, NLP is recognized as the foundational backbone
that enables higher-level functions. The confirmed components are
"Spelling Correction," "Morphological Analysis Tools," "Word Sense
Disambiguation” (determining the correct meaning of polysemous
words), and "Intelligent Lemmatization”. These tools function as the
engine that powers semantic understanding, ensuring that the system
processes language accurately.

The fourth category is "Text Evaluation, Enrichment, and
Improvement”. The experts confirmed three components: "Automatic
Text Editing™ for grammatical correction, "Text Enrichment” to add
background knowledge to documents, and "Paraphrasing and
Abstraction™ to simplify complex texts. These tools enhance the
readability and metadata of stored documents.

The fifth category, "Semantic Analysis, Organization, and
Information Extraction,"” focuses on the backend organization of data.
Nine components were validated, making it the category with the
highest number of individual tools. These include "Document
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Clustering™ to group similar texts, "Intelligent Indexing," "Automatic
Key Concept Detection,” "Semantic Similarity" matching, and
"Keyword Extraction". This reflects the necessity of moving away
from rigid hierarchical indexing toward dynamic, semantic clustering.

The sixth category is "Multimedia Generation and Processing".
While acknowledged as useful, it was deemed less critical than text-
based analysis for scientific databases. Three components were
confirmed: "Optical Character Recognition (OCR)" for digitizing
texts, "Image Captioning™ to describe visual content, and "Data
Visualization™ to create graphs from data.

Finally, the seventh category is "Language Translation and
Conversion”. Only one component, "Machine Translation,” was
confirmed here. Its lowest ranking suggests that while translation is a
value-added feature, it is considered supplementary rather than a core
function of an intelligent scientific retrieval system compared to
search and analytics.

Conclusion

This research presents a comprehensive, validated framework that
serves as more than just a technical inventory; it is a strategic
manifesto for the future of scientific information retrieval. The
hierarchical prioritization established by the experts signals a
paradigm shift from viewing databases as passive "repositories of
documents™ to active "intelligent research assistants."

The study concludes that for policymakers and system managers,
the path to intelligence should be strategically phased. Investment
should primarily focus on "Intelligent Search and Recommendation”
to immediately enhance user satisfaction and research efficiency by
addressing hidden user needs. Simultaneously, "Advanced Analytics"
must be deployed to safeguard the scientific integrity of the database
against fraud and low-quality content, a function that distinguishes
scientific databases from general search engines. While "Natural
Language Processing" serves as the necessary technical infrastructure,
features like multimedia processing and translation should be treated
as secondary priorities. By adopting this prioritized roadmap,
scientific databases can effectively manage the information explosion,
guiding researchers through the noise to discover high-value,
validated knowledge.
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