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ABSTRACT 

The current study identifies the evolution of Natural Language Processing (NLP) and its integration 

with artificial intelligence technologies to enhance scientific research. The analysis ranges from 

traditional rule-based systems to deep machine learning-based models, all the way to large language 

models (LLMs) and transformer technologies. The study discusses modern tools and technologies 

such as Vector Representations (Embeddings), Learning with Instructions, Reinforcement Learning 

with Human Feedback (RLHF), and Retrieval Augmented Generation (RAG), with the use of models 

in interaction with external tools to enhance performance (Bommasani et al., 202).Practical 

applications of the study include exploring scientific literature, summarizing texts, designing 

experiments, generating hypotheses, scientific writing, and translation, with prominent examples 

such as AlphaFold in the biological sciences. In addition, the study highlights key challenges, 

including generating erroneous model content, bias, privacy protection, source reliability, and 

reproducibility. In this context, the study proposes a practical framework for ethical and responsible 

governance of Natural Language Processing (NLP) applications in Arabic scientific research, 

including transparency, process documentation, human review, privacy policies, and quality 

assurance of results, taking into account the Arabic context and the need to develop compatible 

linguistic resources and legislation (Solaiman et al., 201).The study concludes that the integration of 

Natural Language Processing (NLP) and Artificial Intelligence (AI) is not intended to replace human 

researchers, but rather to expand their capabilities to access knowledge, analyze data, and accelerate 

scientific research with responsibility and accuracy. 
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- A Practical Framework for Ethical and 

Responsible Governance of Natural 

Language Processing (NLP) Applications 

in Arabic Scientific Research: 

 

1. Introduction 

The last decade witnessed significant development 

in the capabilities of Natural Language Processing 

(NLP) as this technology transformed from 

specialized tools for limited tasks to 

comprehensive platforms capable of understanding 

and generating human language for a variety of 

integrated tasks (Devlin et al., 2019& Raffel et al., 

2020). This transformation created a paradigm shift 

in scientific research. Consequently, researchers 

can now accelerate literature exploration, extract 

information, formulate hypotheses, and even write 

preliminary academic manuscripts with the help of 

Artificial Intelligence (AI) (Lewis et al., 2020& 

Zhang et al., 2020). However, relying on these 

tools requires critical awareness and a technical 

understanding of their advantages and limitations, 

in addition to establishing clear policies for 

transparency and accountability (COPE, 2023& 

ICMJE, 2025). 

ESIC2022 



Hanan Ahmed Farag 

140 Evolutionary Studies in Imaginative Culture 

 

 

 

The current study aims to provide a comprehensive 

review of the evolution of Natural Language 

Processing (NLP) technologies from rule-based 

systems to deep transformer-based models and 

large language models (LLMs) through reviewing 

the most important modern technologies such as 

Vector Representations, Instruction Learning, 

Reinforcement Learning from Human Feedback, 

and Retrieval Augmented Generation (RAG), 

along with the use of external tools (agents/tool 

use). The study also addresses the applications of 

these technologies in the scientific research cycle 

and the associated challenges. Moreover, it 

introduces a practical framework for governance 

and responsible use; highlighting the opportunities 

and challenges in the Arabic context. 

Problem of the Study: 

Despite rapid developments in Natural Language 

Processing (NLP) and Artificial Intelligence (AI) 

technologies globally, the Arabic context still faces 

complex challenges related to scarce linguistic 

resources, weak digital infrastructure, and 

fragmented data protection legislation. Despite the 

existence of Arabic initiatives such as ArabicERT 

and CAMeL Tools, a research gap persists in 

implementing ethical and responsible frameworks 

for using these technologies to support scientific 

research. Hence, the problem of this study can be 

stated in the following main question: 

How can Natural Language Processing (NLP) and 

Artificial Intelligence (AI) technologies be 

employed to enhance scientific research in the 

Arabic context, while establishing a practical 

framework that ensures ethical and responsible 

governance? 

Significance of the Study: 

The significance of the study stems from its 

alignment with national and regional trends toward 

digital and knowledge transformation, its support 

for constructing an infrastructure for Arabic 

artificial intelligence, and its contribution to global 

competitiveness in bridging the knowledge gap 

related to the lack of clear frameworks for ethical 

governance in the use of Natural Language 

Processing (NLP) and Artificial Intelligence (AI) 

technologies within Arabic scientific research. 

Also, it provides an institutional roadmap that 

Arabic universities and research centers can adopt 

to responsibly and reliably implement tools such as 

RAG and LLMs. 

Aims of the Study: 

1. Analyzing the evolution of Natural Language 

Processing (NLP) technologies from rule- 

based systems to Large Language Models 

(LLMs) and transformer technologies. 

2. Identifying research applications of Natural 

Language Processing (NLP) and Artificial 

Intelligence (AI) technologies in the scientific 

research cycle, such as literature exploration, 

summarization, translation, and hypothesis 

generation. 

3. Identifying challenges associated with the use 

of these technologies, including incorrect 

processing, bias, privacy, and reproducibility. 

4. Establishing a practical framework for ethical 

governance that ensures the responsible use of 

these technologies in the Arabic research 

environment. 

5. Anticipating opportunities and challenges 

specific to the Arabic context, proposing 

practical solutions for developing unified 

language resources and legislation. 

6. Providing an institutional roadmap for 

adopting NLP and RAG tools within 

universities and research centers, balancing 

technical innovation with ethical 

considerations. 

Study Methodology: 

The current study adopted a descriptive-analytical 

method, through: 

Methodological Description: Reviewing previous 

literature and global models in the field of Natural 

Language  Processing  (NLP)  and  Artificial 
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Intelligence (AI), with a focus on research 

applications and associated ethical considerations. 

Critical Analysis: Analyzing research gaps in the 

Arabic context, including limited linguistic 

resources, legislative disparities, and insufficient 

implementation of ethical frameworks. 

Benchmarking: Comparing global frameworks 

and practices with those applied in the Arabic 

world to identify shortcomings and opportunities. 

Foresight: Proposing a practical framework and 

institutional roadmap for the responsible adoption 

of Natural Language Processing (NLP) and 

Artificial Intelligence (AI) technologies that serve 

scientific research in the Arabic environment. 

Theoretical Framework of the Study: 

Previous Studies: 

Research literature indicates significant progress in 

the field of Natural Language Processing (NLP) 

and its integration with Artificial Intelligence (AI) 

technologies to enhance scientific research, both 

globally and in the Arabic world. 

Global Studies: 

Pre-trained language models such as BERT and T5 

indicated the improvement of contextual text 

understanding and various applications including 

summarization, translation, and text classification 

(Devlin et al., 2019 & Raffel et al., 2020). 

Instructional learning and reinforcement learning 

technologies based on human feedback have also 

improved models' ability to follow user commands 

with greater accuracy (Christiano et al., 2017). 

Integrating generative models with reliable 

retrieval engines or external tools enhances the 

reliability of results and reduces the likelihood of 

generating erroneous content (Lewis et al., 2020; 

Schick et al., 2023). Practical applications in 

scientific research, such as AlphaFold in the 

biological sciences, have demonstrated the ability 

of these models to accelerate data exploration and 

accurately design experiments (Jumper et al., 

2021). 

Arabic Studies: 

Arabic applications face challenges related to the 

scarcity of digital resources, language groups, and 

varying privacy legislation across countries 

(Zeroual et al., 2019& COPE, 2023). However, 

projects such as ArabicERT, CAMeL Tools, and 

OSIAN provide open-source tools to support the 

development of Arabic language models (Antoun 

et al., 2020& Obeid et al., 2020). 

Moreover, the research literature points to the 

significant opportunities in leveraging the Arabic 

intellectual heritage and digital manuscripts to 

develop advanced linguistic resources, enhancing 

researchers' ability to analyze both classical Arabic 

texts and local dialects. 

Developments and Added Knowledge 

Compared to Previous Studies: Despite 

technological advances, there remains a clear gap 

in the practical application of ethical and 

responsible frameworks for the use of Natural 

Language Processing (NLP) and Artificial 

Intelligence (AI) in Arabic scientific research. 

Most studies focus on the technical development 

of models, while lacking clear strategies for 

ethical governance, transparency, human review, 

and quality assurance of results, especially in the 

local Arabic context. This is what our current 

study specifically emphasizes. 

2. Natural Language Processing (NLP): 

Concept and Main Tasks 

Natural Language Processing (NLP) is a key 

branch of artificial intelligence, aiming to enable 

computers to understand, analyze, and generate 

human language, both written and spoken, in a way 

that mimics natural human communication. This 

field has seen significant advancements thanks to 

the integration of statistical models and deep 

learning techniques, making it more capable of 

handling the complexities of language, including 
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grammar, semantics, and context (Mikolov et al., 

2013; Devlin et al., 2019). 

Another important task is extracting structured 

information and relationships from a text, which 

goes beyond simply identifying entities to 

determining the connections between them, such as 

the relationship between "scientist – discovery" or 

"author – book" as well. This contributes to 

constructing knowledge bases that help organize 

vast amounts of information and transform 

unstructured text into usable and analyzable data. 

Among the tasks of high value is automatic text 

summarization, which aims to produce accurate 

and concise summaries of long texts while 

preserving the core meaning. This task becomes 

highly important in the information era overload, 

as it helps users save time and effort and enables 

them to grasp the content quickly (Ji et al., 2023). 

Machine translation is one of the most prominent 

applications that attracted the attention of both 

researchers and users, as it aims to translate text 

from one language to another while preserving 

meaning, accuracy, and cultural context. Deep 

learning models and neural networks have 

significantly improved the quality of machine 

translation compared to traditional systems (Raffel 

et al., 2020). 

Finally, there is the task of knowledge-based 

question answering and information retrieval, 

which aims to provide users with accurate, direct 

answers based on knowledge bases or large text 

corpora. This task is fundamental to constructing 

intelligent assistants such as conversational 

systems and advanced search engines, as it 

combines deep language understanding techniques 

with the ability to contextualize information 

(Lewis et al., 2020). This section explores the 

evolution of Natural Language Processing (NLP) 

technologies: from rule-based systems to 

transformers and LLMs. 

3. Recent Developments in Natural Language 

Processing (NLP) Models and Technologies: 

3.1. Vector Representations and Word 

Embeddings: 

Vector representations of words (Word 

Embeddings) emerged to enable computers to 

represent words numerically, reflecting their 

meaning and context in text. These representations 

are fundamental to many modern Natural 

Language Processing (NLP) applications, allowing 

models to learn from the various contexts of words 

and improve the accuracy of language tasks such 

as classification and summarization (Mikolov et 

al., 2013& Pennington et al., 2014). 

Peters (2018) emphasized that these vectors 

preserve semantic meaning and context, such that 

words with similar meanings are located close to 

each other in the mathematical space. For example, 

the word "queen" would be close to "king," while 

the word "car" would be farther away. 

Among its most important applications are: Natural 

Language Processing (NLP) for understanding 

meaning, translation, and text analysis; 

Information Retrieval for finding similar words or 

documents; and Recommendation and 

Classification, such as product recommendations 

or text categorization. 

In addition, sequence-to-sequence (Seq2Seq) 

models and the attention mechanism contributed to 

capturing long-range dependencies between words 

within sentences and long texts, thus improving the 

performance of machine translation and text 

summarization (Bahdanau et al., 2015). 

3.2 Transformer Architecture 

The transformer architecture revolutionized the 

design of language models by leveraging self- 

attention mechanism, which allows the model to 

process all words in a sentence in parallel, instead 

of the traditional sequential processing of recurrent 

neural networks. This design enabled models to 

learn long-range dependencies between words 

more efficiently, thus improving performance on 
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various tasks such as translation and language 

generation (Vaswani et al., 2017). 

3. Pre-trained Language Models 

Pre-trained language models emerged to 

enhance contextual understanding of text with 

greater accuracy: 

- BERT and Masked Language Models: 

They provide bidirectional contextual 

understanding of a word based on its 

preceding and following context (Devlin et 

al., 2019). 

- T5: It introduced a unified “text-to-text” 

framework, making all-Natural Language 

Processing (NLP) tasks processable in a 

consistent manner, whether translation, 

summarization, or classification (Raffel et al., 

2020). 

- Instruction-Based Learning and 

Reinforcement Learning with Human 

Feedback (RLHF) Technologies: They have 

improved the ability of models to understand 

and accurately follow user instructions 

(Christiano et al., 2017). 

3.4 Retrieval-Augmented Generation (RAG) 

and Tool Usage: 

To address the problem of "hallucination" in 

generative models, methodologies developed that 

integrate generative models with reliable retrieval 

engines. This allows the model to draw on accurate 

external sources when answering questions or 

generating text (Lewis et al., 2020). 

Some systems also utilize (Agents) that can call 

upon specific external tools to perform precise 

tasks, such as calculations, searches, or information 

verification, thus enhancing the reliability of the 

results and reducing errors (Schick et al., 2023 

&Yao et al., 2022). 

 

Figure (1): A Simplified Diagram Illustrating 

the Evolutionary Structure of Language Models 

 

 

 

 

 

 

 

 

 

 

 

 

4. The Role of Artificial Intelligence and 

Natural Language Processing (NLP) 

Technologies in Enhancing Scientific Research 

Globally 

4.1.4. Exploring Literature and Organizing 

Knowledge: 

Exploring scientific literature and organizing 

knowledge are fundamental steps in scientific 

research, enabling researchers to access relevant 

previous studies quickly and efficiently. Open 

access research databases like OpenAlex (2022) 

provide a vast repository of research papers and 

references, while intelligent search engines such as 

Semantic Scholar offer advanced tools for 

understanding the relationships between articles 

and exploring relevant citations and references 

(Groeneveld et al., 2020). Similarly, systematic 

review tools like Elicit (Ji et al., 2023) facilitate the 

systematic collection and organization of research 

data, reducing the time and effort required to 

explore primary sources. 

 

4.2 Literature Review and Semantic Extraction: 

After reviewing literature, the next step is to 

understand its content and extract the key semantic 

information. AI-based summarization models and 

question-answering models integrated with 

document databases can help researchers 

summarize lengthy articles, extract key tables and 

findings, and identify research gaps. Studies, such 

as those by Lewis et al. (2020) and Ji et al. (2023), 

demonstrate the effectiveness of these models in 

accelerating the literature review process, enabling 
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researchers to gain a comprehensive overview 

without having to read every paper in full. 

4.3 Hypothesis Generation and Experiment 

Design 

Large-scale AI models are playing an increasingly 

important role in proposing scientific hypotheses 

and designing experiments. They can analyze large 

datasets, identify patterns, and suggest alternative 

variables and experiments that researchers might 

not otherwise consider, thus fostering innovation in 

scientific research (Jumper et al., 2021). This 

contributes to expanding the scope of potential 

experiments and reducing errors or unproductive 

trials. 

 

4.4 Scientific Writing and Translation 

Language models can be used to improve the 

quality of scientific writing, particularly for 

drafting less critical or routine sections such as 

introductions and literature reviews. They can also 

be used in scientific translation to ensure accuracy 

of terminology and fluency of language, in 

accordance with ICMJE guidelines (2025). 

However, it is important to note that sensitive texts 

or those containing key findings should always be 

reviewed and proofread by the researcher 

themselves. 

4.5 A Transformative Example: Structural 

Biology 

Structural biology provides a practical example of 

the application of large models in scientific 

research. Protein structure prediction models, such 

as AlphaFold (Jumper et al., 2021), have 

contributed to a faster understanding of proteins 

and the design of laboratory experiments, 

revolutionizing biological and pharmaceutical 

research by providing accurate predictions of 

molecular structures that would otherwise have 

taken years of experimental work to determine. 

 

5. Current Challenges and Potential Solutions 

Despite the remarkable achievements of natural 

language processing technologies, the path toward 

their efficient and reliable deployment remains 

fraught with scientific and ethical challenges. 

The first challenge lies in the issue of 

"hallucination of facts," where models may 

produce linguistically plausible outputs that lack 

scientific accuracy, thus diminishing their value in 

sensitive research and medical fields (Ji et al., 

2023). Overcoming this challenge requires 

developing multi-source verification mechanisms 

and integrating the models with robust knowledge- 

based search interfaces to minimize errors. 

Bias and fairness, however, pose a more complex 

challenge. Models that rely on data reflecting 

social or cultural disparities tend to perpetuate 

those biases (Bender et al., 2021). To address this 

issue, the scope of the data should be broadened to 

encompass greater cultural and linguistic diversity, 

and ethical evaluation policies should be 

implemented that prioritize inclusivity and digital 

equity. 

5. Current Challenges and Prospects for 

Addressing Them 

Despite the remarkable achievements of Natural 

Language Processing (NLP) technologies, the path 

toward their efficient and reliable deployment 

remains fraught with scientific and ethical 

challenges. 

The first challenge lies in the issue of 

"Hallucination of Facts," where models may 

produce linguistically plausible outputs that lack 

scientific accuracy, thus diminishing their value in 

sensitive research and medical fields (Ji et al., 

2023). Overcoming this challenge requires 

developing multi-source verification mechanisms 

and integrating the models with robust knowledge- 

based search interfaces to minimize errors. 

Bias and fairness, however, pose a more complex 

challenge. Models that rely on data reflecting 

social or cultural disparities tend to perpetuate 

those biases (Bender et al., 2021). To address this 

issue, the scope of the data should be broadened to 

encompass greater cultural and linguistic diversity, 

and  ethical  evaluation  policies  should  be 
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implemented that prioritize inclusivity and digital 

equity. 

Another challenge concerns privacy and 

intellectual property rights, as the reliance on big 

data raises issues related to protecting personal 

information and respecting copyright (COPE, 

2023). The solution lies in adopting technologies 

such as federated learning and differential privacy, 

which ensure the effective use of data without 

compromising the rights of individuals and 

organizations. 

Furthermore, reproducibility poses a fundamental 

challenge to the advancement of scientific 

research. The lack of transparency in data and code 

sharing hinders the ability to verify or build upon 

research findings (Wang et al., 2019). To overcome 

this, open science through "Open Source" 

initiatives becomes a necessary condition for 

fostering knowledge accumulation and ensuring 

the reliability of research. 

Addressing these challenges critically involves 

more than just identifying them; it also opens the 

door to rethinking research strategies in natural 

language processing, making them more accurate, 

fair, and reliable. Therefore, the future of artificial 

intelligence will not depend solely on 

technological advancements, but rather on a solid 

foundation of ethical, legal, and epistemological 

principles. (ICMJE, 2025) 

The Application Framework: 

6. A Practical Framework for Ethical and 

Responsible Governance of Natural Language 

Processing (NLP) Applications in Arabic 

Scientific Research: 

This section represents the core of the research. Its 

purpose is not merely to present general principles, 

but to develop a comprehensive framework for 

integrating Natural Language Processing (NLP) 

technologies into scientific research environments, 

while ensuring responsible use and good 

governance. The focus on the Arabic context is 

particularly important, given the distinct 

technological, legal, and linguistic infrastructures 

compared to Western contexts. 

 

6.1 Transparency and Disclosure 

Transparency is fundamental to any ethical practice 

of using Artificial Intelligence (AI) technologies. 

Researchers must clearly state when, where, and 

how they used language models in writing sections 

or analyzing results (O'Neil, 2016). This includes 

specifying the name of the tool or model used, the 

version number, the source of the training data (if 

available), and the nature of the task performed 

(summarization, translation, text generation). 

These practices enable reviewers and readers to 

assess the reliability of the results and reproduce 

them if necessary (COPE, 2023 & ICMJE, 2025). 

 

6.2 Human Responsibility and Attribution of 

Authorship 

Despite advancements in the capabilities of these 

models, the ethical and scientific responsibility 

ultimately rests with the human researcher. These 

tools are merely assistive aids, not authors in their 

own right. Ignoring this principle leads to issues 

related to intellectual property and misleads 

readers about the source of the knowledge. 

Therefore, the responsibility for the accuracy and 

validity of the final results must remain with the 

researcher, and AI tools should not be listed as 

"Authors" in scientific publications (ICMJE, 

2025). 

6.3 Traceability and Documentation of 

Workflow Steps 

The lack of documentation makes it difficult to 

assess the quality of the outputs or to replicate the 

experiment. Therefore, an "audit trail" should be 

implemented, which includes the inputs, 

instructions, settings, and model outputs at each 

step. Furthermore, when using RAG (Retrieval- 

Augmented Generation) technologies, the outputs 

must be linked to the retrieved sources. This 

approach enhances transparency and allows other 

researchers to verify the results (Lewis et al., 

2020). 

6.4 Technical Considerations: Retrieval- 

Augmented Generation (RAG) 
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To mitigate the risk of models generating 

inaccurate content and to ensure greater reliability, 

universities and research centers should adopt 

institutional RAG (Retrieval-Augmented 

Generation) systems, linking the models to trusted 

and curated knowledge repositories. These 

repositories can include licensed academic 

databases or local digital libraries. The advantage 

of this approach lies in reducing reliance on the 

open internet and ensuring that all retrieved results 

are traceable and properly licensed for use (Lewis 

et al., 2020&OpenAlex, 2022). 

 

6.5 Human Review (Human-in-the-Loop) 

Complete automation is not feasible, so human 

expert review remains essential in the process. 

After the system generates outputs (such as 

summaries or proposed hypotheses), domain 

experts must review, evaluate, and refine them. 

This balance between automation and human 

review ensures the quality of the results and 

safeguards against errors that might otherwise go 

undetected by the models (Ji et al., 2023). 

6.6 Privacy Policies and Data Management 

Processing textual data may involve sensitive or 

confidential information. Therefore, clear privacy 

policies must be established, including measures 

for controlling access to data, data encryption, and 

obtaining explicit consent when using personal 

data. The source of each text or document must also 

be  documented to avoid infringement of 

intellectual property rights. These measures protect 

both participants and researchers (COPE, 2023). 

 

6.7 Quality Assurance and Continuous 

Evaluation 

Simply running the models isn't sufficient; their 

performance must be continuously evaluated using 

quantitative metrics such as accuracy, error rate 

(hallucination rate), and bias in the output. 

Benchmark tests in Arabic should be developed, in 

addition to global benchmarks like GLUE and 

SuperGLUE, to ensure that the models perform 

consistently across both local and global contexts 

(Wang et al., 2018; Wang et al., 2019 & Antoun et 

al., 2020). 

6.8 Capacity Development and Awareness 

Raising 

The success of any governance strategy depends on 

the readiness of the human element. Therefore, it is 

essential to develop training programs for 

researchers on how to use the tools, understand the 

risks of bias, methods for documenting usage, and 

the importance of transparency (Bender et al., 

2018).Also, it is advisable to prepare checklists to 

be attached to research projects to ensure that all 

ethical and technical aspects are reviewed before 

publication (Obeid et al., 2020). 

 

7. The Arabic Context: Opportunities and 

Challenges: 

Within the context of research on Natural 

Language Processing (NLP) technology and the 

future of artificial intelligence, the Arabic language 

environment stands out as a key area that highlights 

the disparity between available potential and 

existing constraints. On one hand, the Arabic world 

represents a rich environment of languages, 

dialects, and cultural heritage, offering a unique 

opportunity to develop diverse digital resources 

that can contribute to advancing linguistic artificial 

intelligence. On the other hand, there are 

challenges related to weak digital infrastructure, 

fragmented data protection legislation, and a 

scarcity of structured linguistic resources (Zeroual 

et al., 2019). 

7.1. Opportunities: 

A Vast Repository of Knowledge: Arabic libraries 

contain thousands of manuscripts and historical 

documents that can serve as valuable raw material 

for developing OCR tools and advanced text 

processing models, thus opening the door to 

enriching digital scholarly research (Obeid et al., 

2020). 

The Growing Demand for Smart Solutions: 

With  the  ongoing  digital  transformation  in 
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education, healthcare, and government 

administration, the demand for tools capable of 

accurately understanding and processing Arabic is 

increasing, thus boosting investment in this field 

(Antoun et al., 2020). 

 

National and Regional Initiatives: 

Initiatives such as those undertaken by the Saudi 

Data and Artificial Intelligence Authority (SDAIA) 

and the Qatar National Library's projects to digitize 

manuscripts represent practical steps towards 

advancing Arabic language AI. 

 

7.2. Challenges and Considerations Specific to 

the Arabic Context: 

The Arabic world faces unique challenges related 

to the scarcity and poor quality of available 

linguistic resources, as well as the varying data 

protection and privacy laws across different 

countries. These challenges limit the ability of 

researchers to train robust and reliable models in 

Arabic, compared to global languages such as 

English. For example, Arabic datasets are still 

relatively small, often unbalanced in their 

representation of different dialects, and frequently 

not openly available or clearly licensed for research 

use (Zeroual et al., 2019). 

This highlights the need for institutional and 

governmental investment in constructing 

specialized Arabic data repositories covering 

scientific, legal, medical, and educational fields. 

Such resources not only improve the linguistic 

performance of models, but also enhance their 

ability to understand the cultural and semantic 

context of Arabic texts. Therefore, supporting 

open-source initiatives like ArabicERT, CAMeL 

Tools, and OSIAN is a crucial step towards 

building an integrated digital ecosystem that serves 

researchers and developers in the region (Antoun 

et al., 2020). 

 

Legislative Disparities: Differences in laws 

regarding privacy and data protection among 

Arabic countries hinder data sharing and the 

establishment of shared regional repositories 

(COPE, 2023). 

Furthermore, the importance of legal frameworks 

governing data collection and processing is 

paramount. The lack of a unified legal framework 

across Arabic countries and the varying laws 

regarding privacy and data protection hinder data 

sharing and the establishment of shared regional 

repositories (COPE, 2023). This also poses 

challenges for data exchange between research 

centers and impedes the development of large- 

scale regional repositories. Therefore, there is an 

urgent need for coordinated Arabic efforts to 

establish harmonized data protection policies, 

ensuring user privacy on one hand, and providing 

researchers with a secure environment to develop 

natural language processing tools on the other 

(Obeid et al., 2020). 

Furthermore, it is important to consider the issue of 

Arabic dialects and their considerable diversity. 

Most available resources focus on Standard 

Modern Arabic, while everyday dialects are largely 

absent from these datasets. Integrating these 

dialects into the resources will contribute to the 

development of tools that better reflect real-world 

usage in applications such as machine translation 

and intelligent assistant services. This approach 

requires collaboration between universities, 

research centers, and technology startups to expand 

and refine data collection efforts (Zeroual et al., 

2019). 

8. A Roadmap for Adopting NLP and AI 

Technologies in Scientific Research: 

Assessment Phase: 

The institutional implementation roadmap begins 

with a comprehensive assessment of the 

organization's current status. This includes an 

inventory of available digital resources, an analysis 

of technical capabilities, and identification of any 

legal and regulatory gaps that might hinder the use 

of RAG (Retrieval-Augmented Generation) tools 

in scientific research. The assessment also 

examines the IT infrastructure, the research 

database, content management systems, and the 
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level of researchers' skills in using digital 

technologies (Lewis et al., 2020). This assessment 

provides a solid foundation for prioritizing 

implementation steps and ensures that subsequent 

actions align with the organization's capabilities 

and research needs. Furthermore, it allows for the 

establishment of measurable performance 

indicators to evaluate the success of future 

initiatives. 

 

Pilot Phase: 

Following the initial assessment, a small-scale 

pilot project is launched to test the RAG and NLP 

tools within a specific domain. This phase aims to 

evaluate the tools' effectiveness, monitor 

operational performance, and identify potential 

technical and logistical issues before broader 

implementation. The pilot also provides 

opportunities to train researchers on using the new 

systems and to collect both qualitative and 

quantitative data on user interaction with the tools, 

thus contributing to algorithm refinement and 

optimization of operational parameters (Ji et al., 

2023). This phase is crucial for mitigating risks 

before transitioning to full-scale organizational 

deployment. 

Standardization Phase: 

Based on the pilot project results, the institution 

moves to the implementation phase, which 

involves establishing standardized policies and 

procedures for disclosure and use, and ensuring 

their adoption across all research units. These 

policies include transparency and accountability 

standards, clarifying the responsibilities of 

researchers and reviewers, thus enhancing the 

integration of technology with institutional 

practices (COPE, 2023). This phase also aims to 

develop a best practices guideline for using NLP 

and RAG tools, ensuring compliance with ethical 

values and scientific standards. 

 

Scaling Phase: 

In the final stage, the system is integrated more 

broadly  across  the  institution,  encompassing 

multiple research areas and disciplines. This 

includes conducting periodic evaluations every 6- 

12 months to assess performance, mitigate risks, 

and improve the quality of outcomes. Key 

performance indicators, such as retrieval accuracy, 

the quality of research outputs, and researcher 

satisfaction levels, are monitored (ICMJE, 2025 

&Antoun et al., 2020). This carefully planned 

expansion ensures the sustainable use of NLP and 

RAG technologies, while upholding ethical and 

scientific standards, and strengthens the 

institution's capacity for research innovation and 

achieving desired long-term results. 

 

The Strategic Benefits of Roadmap 

Implementation: 

Through implementing this practical framework 

systematically, research institutions, particularly 

Arabic universities and research centers, can 

maximize the benefits of natural language 

processing and artificial intelligence technologies. 

In addition, the framework ensures a balance 

between technological innovation, transparency, 

human accountability, data protection, and the 

quality of scientific research. This fosters a reliable 

and sustainable research environment that 

minimizes scientific errors and promotes 

collaboration among researchers and the use of 

cutting-edge technologies (Lewis et al., 2020, Ji et 

al., 2023, COPE, 2023, ICMJE, 2025& Antoun et 

al., 2020). 

Figure (2): Stages of Implementing NLP and AI 

Technologies in Research Institutions 
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Conclusion 

This research focuses on identifying the role of 

Artificial Intelligence (AI) and Natural Language 

Processing (NLP) technologies in enhancing 

scientific research, with a particular focus on the 

Arabic context. The findings demonstrate that 

these technologies can improve the efficiency of 

information gathering, analysis, and scientific 

content generation, but they also face challenges 

related to accuracy, bias, and the scarcity of Arabic 

language resources. 

 

Results of the Study 

1. Research has shown that artificial 

intelligence-powered Natural Language 

Processing (NLP) technologies can enhance 

the efficiency of scientific research, including 

text summarization, information extraction, 

and data analysis, more effectively than 

traditional methods. 

2. Large Language Models (LLMs) 

demonstrated their ability to generate 

relatively accurate scientific content, but they 

still face challenges such as information 

hallucination, bias in results, and limited 

coverage of non-English languages. 

3. Integrating Natural Language Processing 

(NLP) with external tools (such as scientific 

databases and search engines) enhances the 

accuracy and reliability of the results, 

allowing researchers to verify sources and 

improve the quality of their conclusions. 

4. The Arabic language context still suffers from 

a scarcity of linguistic resources and digital 

references, necessitating the development of 

high-quality Arabic datasets and support for 

open-source projects such as AraBERT and 

CAMeL Tools. 

 

Study Recommendations 

1. Adopting a responsible framework for using 

Artificial Intelligence (AI) in scientific 

research, encompassing documentation of 

processes, human review, and ensuring 

transparency in model generation and 

interpretation. 

2. Enhancing training for researchers on using 

Natural Language Processing (NLP) and 

Artificial Intelligence (AI) tools in a scientific 

and ethical manner, emphasizing an 

understanding of the capabilities and 

limitations of these models. 

3. Supporting the development of Arabic 

language resources and expand digital 

databases to enhance the effectiveness of 

models within the local context. 

4. Implementing mechanisms for reviewing 

results and assessing their accuracy to avoid 

inaccurate data generation and bias, and to 

ensure the quality and scientific research 

reliability. 

5. Encouraging the integrated use of modern 

technologies in all stages of research: from 

data collection and analysis, to hypothesis 

generation, and even to writing the scientific 

findings. 
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