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ABSTRACT

Artificial intelligence (AI) is changing the research landscape through automation, data analysis, and better
decision-making in various ways that are of immense help to researchers in conquering obstacles and acceler-
ating their discoveries. From literature search to data analysis, to design experiments and manuscript writing, Al-
powered tools using robotics, machine learning (ML), and natural language processing (NLP) go a long way in
facilitating easy research. Technology enhances efficiency by summarizing articles, recommending publications,
and pointing researchers in the right path. However, challenges such as bias in algorithms, concerns about data
privacy, and deficiencies in the infrastructure impede wide-scale application. Training and supporting policies
are needed for skill shortages and to surmount resistance to change in order for full utilization of Al in research.
The present review has sought to explore how Al has influenced the efficiency of research through an analysis of
its uses, advantages, disadvantages, and consequences across many fields. By examining the current tools and
making projections on future trends, this study aims at educating academics, policymakers, and institutions on
how AI might influence research in a fair and sustainable way.

1. Introduction

Artificial Intelligence (AI) has gained global acceptance as a tech-
nology that may improve our quality of life and spur economic growth.
As a result, Al has been applied extensively across various social system
sectors [1]. The term Al describes how a machine or system can mimic
human intelligence. Creating a machine that can think and behave like a
human—that is, learn, reason, plane, perceive, anticipate, and so
forth—is the aim of Al One of the primary traits that sets humans apart
from other animals is intelligence. Human labor from all walks of life is
being steadily replaced by a growing variety of machine kinds due to the
endless occurrence of industrial revolutions. The next major obstacle to
be surmounted is the imminence of machine intelligence replacing
human resources [2].

Research efficiency is vital in academia and industry due to the fact
that it facilitates better exploitation of resources and insightful knowl-
edge production. Research efficiency plays a major role in knowledge
development and the discovery of new technologies and methodologies
within the academic circles. For instance, research work by Hanks [3],
highlights the importance of efficiency in research through providing
original research data and information that would be helpful for both
industrial and academic researchers and graduates. Similarly, work by

* Corresponding author.
E-mail address: hamed.taherdoost@gmail.com (H. Taherdoost).

https://doi.org/10.1016/j.rineng.2025.104743

Torrence et al. [4] indicates that proper research in areas like risk
assessment and antibiotic resistance has to be conducted in order to
alleviate public concerns and ensure food safety. Efficiency in research is
highly required to promote creativity, facilitate processes, and increase
production in the industrial sector. With the development of wireless
communication technologies, the interest in research areas has been
enhanced, leading to an improvement in road safety and traffic effi-
ciency [5]. Work by Pagone et al. [6] further emphasize the importance
of research efficiency in promoting sustainability, providing insight into
the state of the art in industrial practices and research subjects linked to
energy-efficient processes. Liu et al. [7] epitomize the importance of
research efficiency at developing fields such as that of edge computing
systems. To investigate new research avenues and help users in choosing
appropriate systems for particular applications, this survey study pro-
vided a comprehensive review of current edge computing programs and
systems. On a related note, work by Zhen et al. [8] are keen to point out
how there is an urgent need for exploring new research issues toward
achieving maritime shipping networks and green ports with increased
effectiveness and efficiency.

Many disciplines have shown interest in exploring the ways in which
Al might enhance research productivity. For example, Hermens et al. [9]
demonstrated the potential for significant innovation in teaching and
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learning methods as they discussed how computer-based business sim-
ulations were being used in higher education to enhance the practical
understanding of students regarding actual business scenarios. Simi-
larly, Bhatti et al. [10] conducted a thematic analysis of literature on the
use of Al in learning and development, emphasizing how the critical
analysis and synthesis of past research can lead to the identification of
key themes. Karimova et al. [11] conducted emotionalist interviews to
comprehend how participants envision Al-based products such as
Sophia, Alexa, and Articoolo in order to study the adaptation of
anthropomorphism and archetypes regarding the marketing of these
products. This research has shown how AI studies can be interdisci-
plinary, pointing toward the potential link between Jungian archetypes
and Al products. To develop innovative ways to optimize resource use,
improve energy management, and enhance monitoring and control
systems, the contribution of Al in enhancing resource efficiency in urban
infrastructure was reviewed by Lutfiani et al. [12]. This study shows the
ability of Al technology to completely change the face of sustainability
and management of urban infrastructure. Mahmud [13] explored the
usability of Al in the automation of library cataloging and classification
processes by reviewing current applications, challenges, and future
possibilities. This paper contributes to the literature on how AI can
enhance the efficiency and speed of library processes through a review
of current studies and developments about Al applications in library
services.

The objective of this review is to investigate the influence of Al on
research efficacy by analyzing the ways in which AI technologies
enhance various aspects of the research lifecycle. The paper examines
the ways in which AI can automate repetitive duties, accelerate data
analysis, and facilitate collaboration across disciplines. This work offers
an exhaustive comprehension of the role of Al in the transformation of
research processes by examining the existing literature and tools. The
primary inquiries are as follows:

e How does Al enhance specific research activities such as literature
review, data analysis, and experimentation?

e What are the current challenges and limitations in adopting Al for
research purposes?

e What future opportunities exist for leveraging Al to further improve
research efficiency?

The applications of Al in research are the main topic of this review,
which covers a range of disciplines including the social sciences, hu-
manities, engineering, science, technology, and mathematics (STEM).
This review attempts to describe the revolutionary effect of Al on
research efficiency, pinpoint gaps in existing techniques, and suggest
avenues for further investigation by combining insights from literature.
By doing this, it hopes to add to the expanding conversation on inte-
grating Al into the field of academic and industry research.

2. Conceptual framework
2.1. Al tools and technologies in research

In several scientific fields, the potential of AI to supplement and
partially automate research has generated intense discussions [14]. Over
recent years, there has been increasing interest in the application of Al
techniques and technology in research from a growing number of dis-
ciplines. The topic of the relationship between Al and marketing was
explored by Peyravi et al. [15], as well as potential future applications
for Al in marketing campaigns. Along related lines, Fredstrom et al. [16]
highlighted some key future research directions in this field by discus-
sing how Al-based analysis can track invention spread at scale on patent
data. Sharpless et al. [17] investigated the future of Al in cancer research
and care and brought forward significant opportunities and break-
throughs the use of Al opens in that very important field of medicine.

On the other hand, Chichekian et al. [18] discussed the prospects of
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Al-powered learning in the classroom, emphasizing the importance of
measuring the effectiveness of Al-powered tools and the role of in-
structors in this aspect. In analyzing the role of Al in communication,
Sundar et al. [19] reflected on the psychological implications of Al as a
tool for communication and provided topics for future research in this
area. Ramachandran et al. [20] reviewed the state of Al technologies in
decision-making processes today and suggested future research topics in
their discussion on Al-powered decision-making in management. Judit
et al. [21] studied the use of Al tools in education and shed light on its
potential to enhance educational procedures by investigating university
instructors’ opinions of Al integration. In addition, Dedema et al. [22]
investigated the use and perception of generative Al tools by researchers
in the digital humanities, thus providing valuable insights into how re-
searchers adopt and evaluate these technologies. Finally, the Institute
for Al and Fundamental Interactions (IAIFI) was presented by Thaler
et al. [23], who have pointed out the importance of bringing physics
intelligence into Al tools in order to solve challenging problems in
physics. Wagner et al. [24] pointed to concerns with Al/machine
learning tools by focusing on computational checklists and synthetic
data that would foster repeatability and ethics considerations in Al/
machine learning research.

2.2. Metrics for measuring research efficiency

For academic work to have a greater impact, research efficiency is
essential. Research has demonstrated that effective search techniques
that make use of relevant academic databases can greatly enhance the
quality of systematic reviews and meta-analyses [25]. The quality of
evidence synthesis is influenced by the search systems used, which also
have an impact on the recall and accuracy of pertinent literature. In the
corporate world, effective business modeling is essential for incorpo-
rating innovation into product development, especially in
technology-driven industries. Businesses can preserve a strategic
competitive edge and increase operational effectiveness by investing in
business modeling technologies [26]. By simplifying procedures and
enhancing data management, the use of Al tools such as ChatGPT has
also been recognized as a way to improve organizational efficiency [27].

Numerous strategies exist for measuring research efficiency, which
can be broadly divided into parametric and non-parametric approaches.
Data Envelopment Analysis (DEA) is a non-parametric technique that
compares the outputs of decision-making units to their inputs in order to
assess how efficient they are. DEA is extensively used in a variety of
fields, including as agriculture and education [28]. A parametric method
that takes into consideration statistical noise in the data while esti-
mating the efficiency frontier. Economic studies frequently employ SFA
to gauge efficiency and productivity [29,30].

Various industries have shown an interest in exploring ways to
investigate measures that can determine research effectiveness. With the
aim of reducing operation and asset costs in demand-supply chains,
Kaski et al. [31] focused on developing a method to guide the devel-
opment of product structures as well as measure the difference between
the various design alternative implementations. By relating the supply
chain performance to the financial performance of an enterprise, Martin
et al. [32] highlighted the relevance of enterprise effectiveness. A new
methodology for computing a CSP index by using DEA was provided by
Chen et al. [33], paving new paths for empirical CSP studies in the years
to come. To put energy efficiency in the spotlight, Bianzino et al. [34]
analyzed and compared a set of energy-related metrics adopted in
communication networks studies. Uddin et al. [35] highlighted the
importance of green data centers and the need to implement measures of
Power Usage Effectiveness to evaluate data center performance and ef-
ficiency for cost and operational efficiency. To evaluate the effectiveness
of information flows, Badenhorst et al. [36] studied the efficiency of
information flow in supply chains and developed a conceptual frame-
work of metrics and indicators. To provide guidelines for data center
design and optimization, Zhou et al. [37] proposed application-level
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measures for power usage effectiveness in data centers. To reflect
practice efficiency features such as total EHR time and time on docu-
mentation, Sinsky et al. [38] proposed fundamental metrics of Elec-
tronic Health Record (EHR) utilization in the healthcare sector. These
measures illustrate their use cases for many stakeholders. In their review
of the importance of applying graph and network theory metrics to
quantify connectivity in geomorphic systems, Wohl et al. [39] stressed
that understanding the pattern of connectivity is essential for managing
rivers. Through the integration of digital twins with green metrics,
Corrado et al. [40] insisted on the need for a choral approach in order to
make smart cities and structures address problems related to
sustainability.

2.3. The relationship between Al and research processes

Recent research advocates for Al-based literature reviews, which is a
review process where Al tools support multiple stages, including data
analysis, literature search, and issue formulation. This approach can
reduce the much-needed time and effort required for comprehensive
reviews by a great extent [14]. Massive literature can be summarized
with the help of natural language processing (NLP) algorithms, which
helps academics to identify gaps and formulate new questions related to
their studies [14,41]. Numerous studies show that Al can speed up a
range of research processes, including data processing and literature
reviews. A thorough study of the literature, for example, revealed that
26 studies cited time-saving as the most prevalent benefit of Al across
disciplines [42]. Al frees researchers to work on more complex analyses
by automating routine activities. In the peer-review process, for
example, this can include the automation of initial scans of articles that
might reject lower quality submissions before human review. With
machine learning algorithms doing the complex content evaluations and
identifying trends in large datasets, deeper engagement with research
subjects is enabled [41].

New research suggests that while Al has many advantages, there are
still open questions that need to be answered, especially with respect to
long-term implications for methodological rigor and academic integrity
[43]. AT’s ability to analyze a wide range of datasets enables opportu-
nities for multidisciplinary research, which may lead to innovative
cross-disciplinary collaborations [41]. Jialiang et al. [44] have also
explored how Al-algorithmic decision-making processes impact per-
ceptions of procedural fairness by workers and found that AI decisions
may lead to lower levels of perceived justice as compared to decisions
made by human supervisors. In this direction, Mazingue [45] has aimed
at highlighting the advantages and challenges of the implementation of
Al in CRM systems by investigating the multifaceted impacts of Al in
CRM. The role of Al in relationship breakdown was studied by Fu et al.
[46] with particular attention to breakup procedures which have been
made easier through computer-mediated communication. Chang et al.
[47] examined how employees’ propensity to adopt Al was affected by
Al-driven technostress, highlighting the possible impact of technostress
on Al adoption. Thottoli [48] examined how to use Al and ICT to
improve auditing procedures, highlighting the significance of these
technologies in enhancing audit procedures. Yahanda et al. [49] pointed
out the applications of Al in the medical field by giving a narrative re-
view and commenting on the current and possible future impacts of Al
on spine surgery and research.

3. Enhancing research efficiency with Al
3.1. Literature discovery and review

The integration of Al into scholarly research has shown promising
results in increasing precision and speed across a wide array of disci-
plines. Rodriguez et al. [50] discussed the impact of computational
power and data availability on the application of Al in drug discovery
and suggested legislative actions to address these challenges. Lai et al.
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[51] discuss how generative Al influences the design process and
demonstrate how it may help in collecting and analyzing data. Santiago
et al. [52] illustrate how Al technologies speed up procedures right from
literature review to data analysis by text mining techniques while
examining the use of writing aid tools in research. Singh [53] discussed
how AI and machine learning are intrinsic to supply chain management,
improving processes such as demand forecasting and making
in-the-moment decisions. Molopa [54] underlined the potential of Al in
enhancing academic research procedures by focusing on Al-based
literature review adaption. Chukwuere [55] examined the potential
implications on the use of generative Al chatbots for teaching, learning,
and research processes within higher education. Al-Akayleh et al. [56]
critically analyzed the usage of Al in surface chemistry and catalysis,
emphasizing the revolutionary impacts of AI methods in this field.
Table 1 outlines how Al enhances systematic reviews through different
stages.

Summarizing systems fueled by AI will go through long scholarly
texts to produce fastened understanding and analysis by summarizing
the content into an easily comprehensible form. Knowledge of crucial
themes and points can be derived from the contents using various NLP-
based techniques; therefore, shortened versions of the content will not
sacrifice relevant information. While dealing with an ever-increasing
volume of data, Al summarizers have become necessary tools to help
improve productivity and optimize workflows by releasing users from
time-consuming reading assignments and allowing them to focus on key
insights [61]. Al tools can support literature review work by conducting
semantic analysis and text extraction, which are crucial to the effective
integration of prior research [62].

Al also plays a critical role in citation management by automating
the process of organizing references and guaranteeing correctness in
formatting. Using sophisticated algorithms to evaluate citation net-
works, tools like Scite enable researchers to quickly identify pertinent
publications and comprehend the context of citations, whether they
confirm or contradict preexisting findings [62]. Al-powered citation
management tools facilitate researcher accuracy when writing. This is
facilitated by a feature for bibliographic record-keeping, automatic
formatting into required styles, and identifying even the tiniest proba-
bilities for plagiarism. All these means serve the purposes of assurance
and acceleration of the scholarly work integrity check and further
accelerate the process of publishing them [14]. An organized analysis of
the ways in which AI tools improve the literature review process is
provided in Fig. 1.

3.2. Experiment design and optimization

By enabling researchers to interactively query and analyze massive
datasets, large language models (LLMs) like ChatGPT further improve
these capabilities and streamline the review process while upholding
quality standards [63]. The engineering design process is a multi-step,
intricate procedure. Al techniques that have been found to be useful
for automating and improving these processes include machine learning,
deep learning, and optimization algorithms. Iteratively improving de-
signs within predetermined parameters using methods like genetic al-
gorithms and Bayesian optimization produces better results faster. The
classification of Al applications according to design stages identifies
underdeveloped fields where more study may result in important
breakthroughs [64].

To find possible therapeutic targets and forecast interactions with
drug candidates, Al algorithms examine enormous biological datasets.
This feature allows for more focused approaches, which speeds up the
drug discovery process. By forecasting pharmacokinetics and toxicity
profiles, machine learning aids in trial design by assisting in the prior-
itization of lead compounds for additional testing. Through wearable
technology, Al technologies make it easier to collect data from clinical
studies, improving patient participation and expediting data manage-
ment procedures [65].
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Table 1

Role of Al in automating literature searches and systematic reviews.
Step Description Al Tools/Techniques Benefits References
Search Strategy Development Analyzes literature to identify relevant keywords. NLP Improves search term accuracy. [57]
Screening Screens titles and abstracts with ML algorithms. Machine Learning Saves time and reduces workload. [58,59]
Data Extraction Automates extraction of study data. Al Models (e.g., NER) Reduces errors, boosts efficiency. [60]
Data Synthesis Synthesizes findings from multiple studies. ML, Meta-Analysis Algorithms Speeds up and enhances analysis. [58]

Time Efficiency

Reduces the time required
for reviews

l

Automates searching,
screening, and data
extraction

Improved Accuracy

Ensures accurate and
unbiased results

v
Consistently applies
predefined criteria to

minimize human error and
bias

Enhanced Research Quality

Focuses on critical analysis

v
Frees researchers from
routine tasks to prioritize
interpreting findings and
developing insights

Real-Time Insights

Provides timely updates

l

Monitors databases for
new publications to keep
reviews current and
relevant

|

Searching, screening, data

v

i Study identification
extraction

|

Interpretation, theoretical S "
Monitoring, updating
development

Fig. 1. The role of Al tools in enhancing literature reviews.

Al integration in a host of disciplines has been proven as having vast
prospects for enhancements in both efficiency and productivity. Success
stories and broadened perspectives on Generative Adversarial Neural
Networks (GANs) coupled with advanced approaches using deep
learning raise the quality of graphics samples gathered from research
apparatus. This can help accelerate such scientific research and devel-
opment, according to Striuk et al. [66]. Li et al. [67] show how AI can
help in architectural design by enabling faster and more efficient
completion of tasks, leading to better model fitting due to a greater
number of network nodes. Chichekian et al. [18] highlight the impor-
tance of testing the effectiveness of Al-based technologies in education
within an academic research framework. Their findings reveal that the
active contribution of teachers is often overlooked in the research pro-
cess, since learning outcomes are more closely related to the optimiza-
tion of Al tools. Amzat et al. [68] explore the transformative potential of
integrating Al and the metaverse into academic libraries, envisioning
personalized and immersive user experiences that redefine conventional
library concepts. In addition, the approach in Yang et al. [69] in-
corporates lithography bias into the design of neural networks to enable
scalable AI computational lithography. This leads to a much more effi-
cient model and great improvements in performance. The method is
critical to enhance the printability of silicon in semiconductor
manufacturing processes. Elufioye et al. [70] do a great in-depth study
on the inclusion and the role of Al in supply chains in agriculture, while
putting much attention to optimization in supply and demand
prediction.

Yang et al. [71] emphasized developing an inductor model that
evaluates the performance of printed meander line antennas in smart
structures so as to reduce trial-and-error in the design process. Kim et al.
[72] present the analysis procedure in the design of filters that minimize
problems of stability and error rejection curve distortion in control
systems. They suggested an adaptive and optimal method of rejection
that aims to attenuate non-repeatable disturbances in hard disk drives.
In ensuring completeness and optimality of the search algorithms, a
technique by Yiu et al. [73] is introduced called Evolutionary Heuristic
A search (EHA). It minimizes the work needed to construct heuristic
functions and optimizes the performance of A* search through Genetic
Algorithm (GA). Huang et al. [74] illustrated some applications of Al

approaches for the forecast of aerodynamic coefficients in the aerospace
industry by proposing aircraft shape design using artificial neural net-
works to simplify simulation analysis using CFD and wind tunnel trials.
Fan et al. [75] present a discussion on Al-enabled simulation for power
package development and underline how machine learning algorithms
work well in solving problems with die pick-up procedures and reli-
ability testing. Shiba et al. [76] show how AI agents can find the ideal
parameters for solar cell devices to reach target efficiency by presenting
an inverse design approach for optimal intermediate band solar cells
using a deep reinforcement learning scheme in conjunction with a
drift-diffusion simulator.

3.3. Data analysis and statistical modeling

Such technologies improve the effectiveness of literature retrieval by
automating laborious activities such as searching, screening, and data
extraction, freeing the researcher to devote more time to analysis rather
than manual procedures [77]. Data analysis is highly influenced by Al
Machine learning algorithms can process large data sets more effi-
ciently, identifying relationships and patterns that human researchers
would not find. By gleaning valuable insights from surveys and in-
terviews, NLP techniques further enhance qualitative data analysis [61].

Al tools can do work that normally takes several hours or days by
humans in a fraction of the time. Due to this increased efficiency, more
time can be spent actually analyzing data and developing new hypoth-
eses [78]. The accuracy of literature reviews is guaranteed by automated
tools by reducing human error and bias, and also ensuring that relevant
studies are not missed out [77]. Al-powered solutions make excellent
research techniques more accessible. They allow researchers of variable
experience to conduct in-depth studies without requiring a great deal of
prior information [79].

Al also plays a role in statistical modeling. Many studies discussed
the effectiveness of machine learning models in predicting outcomes
within the educational setting. For example, using feature selection
methods such as Lasso regularization along with hyperparameter tun-
ing, an exhaustive analysis of ten different machine learning models was
performed for their effectiveness in predicting students’ outcomes [80].
The importance of Al in research agendas was underlined by the
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investigation of the application of AI in marketing through topic
modeling and scientometric analysis by Mustak et al. [81]. The work of
Almustafa et al. [82] had a core focus on the transformative effect that
Al could bring to financial services, mainly regarding credit risk man-
agement in commercial institutions. Shoetan et al. [83] highlighted the
use of advanced Al algorithms in fintech fraud detection with the aim of
developing a reliable framework for real-time fraud prevention. While
Khallaf et al. [84] focused on Al applications to the mitigation of the
global warming problem, paying especial attention to optimization
problems related to energy system optimization and climate modeling.
Ulvi et al. [85] propose an urban traffic predictive analytics framework
with a novel Urban Traffic Mobility Optimization Model - UTMOM and
present mathematical modeling integrated with data mining in this
paper. Rane et al. [86] discussed the function of Al in the improvement
of resilience within different levels, focusing on the perspective of
emergency management and disaster response. Broggi et al. [87]
pointed out that the role of Al would be transformative in the diagnosis
of head and neck cancer because of its enhanced capability in the
analysis of medical images.

3.4. Data visualization

Tools for Al-assisted data visualization have changed how scientists
examine and communicate difficult data. These tools can produce dy-
namic dashboards tailored to the user, more precisely forecast future
trends, and automate the process of transforming unprocessed data into
useful images. For example, Al systems can more quickly find abnor-
malities and hidden trends in big data than human experts. Interactive
graphics combined with Al inspire problem-solving methods, therefore
enhancing the interesting nature of data exploration [88,89].

Dealing with uncleaned or faulty data presents a major difficulty,
though. Recent formative research underlines the influence of data
quality on Al-assisted visualizations and stresses the requirement of
strong instruments able to efficiently manage flawed data [90].
Notwithstanding these difficulties, developments in generative Al
(GenAl) allow automatic generation of intricate visualizations from
unprocessed data, therefore automating some aspects of corporate in-
telligence processes [91,92].

Synthetic image, tabular, textual, and audio data is produced using
commonly applied techniques like Generative Adversarial Networks
(GANSs), Variational Autoencoders (VAEs), and Transformers. Particu-
larly useful for producing high-quality images with specified qualities
are conditional GANs (cGANs). They are often utilized in medical im-
aging to improve diagnosis quality2. In healthcare or financial datasets,
tabular GANs (TGANS) shine in capturing complex interactions between
features. Conditional TGANs enhance upon this by efficiently managing
challenging distributions. Because they can generate coherent text that
fulfills contextual needs well 2, models such as GPT-3 provide better
performance in natural language generating tasks [93].

3.5. Collaboration and communication

Literature reviews form one of the most fundamental parts of aca-
demic study, yet they are very time-consuming. Conventional ap-
proaches involve immense reading, note-taking, and data synthesis. Al
tools have become enablers in this field. They considerably reduce the
time that researchers would spend on such procedures by automating
operations like searching, filtering, and extraction of data. For instance,
Al-powered systematic review tools can search enormous volumes of
literature for important publications and trends much faster and more
accurately than any human could [84,94]. With the ability to continu-
ously scan databases for new articles, Al tools provide real-time insights.
This increases the overall quality of research outputs through the
assurance of literature reviews remaining current and relevant [84]. The
ability to detect gaps in the literature also engenders creativity through
the generation of new research topics [84,95].
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Beyond literature reviews, Al also influences data analysis, which is a
huge part of scholarly research. Machine learning algorithms can pro-
cess large datasets to find connections and patterns that would elude
human researchers. NLP techniques make qualitative data analysis
much easier; therefore, researchers can derive valuable insights from
interviews and open-ended survey responses with greater efficiency
[96]. According to a systematic review [96], the six key domains in
which AI enhances academic writing are idea creation, content struc-
turing, literature synthesis, data management, editing, and ethical
compliance. By facilitating these processes, Al enables researchers to
devote more time to critical analysis and discovering interpretation.

Al is also crucial in promoting the collaboration of researchers. GAI-
powered tools facilitate the collaborative drafting and revising of texts.
In a study on human-AlI collaboration patterns, doctorate students who
collaborated with GAI-powered tools performed better while writing
compared to those who used them only as supplementary resources
[68]. This therefore means that efficient human-Al collaboration may
lead to better academic performances. Al serves to facilitate communi-
cation among the members of a research team by providing platforms for
efficient sharing of ideas and results. High-quality research paper drafts
and summaries were generated using tools like ChatGPT, which had
better knowledge sharing in academia. However, questions concerning
the integrity of Al-generated content are still present, so its use has to be
considered with great care regarding ethical issues [97]. Sadeghi [98]
proposes an Al-employee well-being interaction framework, high-
lighting that organizational strategies such as open communication and
upskilling initiatives have great potential in mitigating negative and
enhancing positive outcomes for employees in the era of Al

4. Challenges and limitations
4.1. Ethical considerations

Al bias can be brought on by a number of different causes (Table 2).
Data bias normally emanates from training datasets that are not repre-
sentative in fairly depicting the diversity of those for whom they are
intended to serve. This often leads to poor performance and biased
forecasts in underrepresented groups [99,100]. Algorithmic bias is
caused by the way algorithms are created and put into operation: they
tend to support one kind of characteristic over another, which results in
the outcome being unjust. For instance, algorithms that are prejudiced
towards age or gender can lead to discriminatory employment practices
[99,101]. Representation bias arises when datasets do not depict the
population fairly. A typical case of this is medical databases where
women are under-represented, leading to fewer correct diagnoses for
them [99].

Bias in Al has a serious and multifaceted impact. Biased algorithms
can lead to systematic discrimination against already-impoverished
communities by making disparities worse. For example, predictive po-
lice algorithms have been shown to target low-income communities

Table 2
Types of bias.
Type of Bias Issue Cause Impact Reference
Historical Reflects Present in Perpetuates [102]
Bias societal biases historical data  discrimination
when used in
AI models
Sampling Bias  Inadequate Training data Misaligned Al [99]1
representation  collection not model
representative  predictions for
the target
population
Measurement Skewed Inaccuracies Produces [101]
Bias results in data unreliable or
collection distorted
tools outcomes
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disproportionately. Bias depletes trust in Al tools. Bad algorithms, ac-
cording to research, may lead to biased decisions in critical areas such as
law enforcement and healthcare, which will finally destroy the public’s
trust. Biased AI has serious ethical implications. There is an increasing
demand for ethics and law frameworks that could control the develop-
ment and application of Al so that negative consequences can be avoided
[103].

LLMs are increasingly being used by paper mills, which are unofficial
businesses that develop and market fake manuscripts that seem like real
research, to produce compelling but fake papers [108,109]. LLMs are
prone to "hallucinations", in which they produce information that is
grammatically correct but illogical or deceptive. This problem makes it
more difficult for academics to use Al-generated content to validate their
findings. LLMs’ references can be inaccurate or out-of-date, which
would further erode public confidence in scientific publications [108].

Without sophisticated techniques, editors and journals find it chal-
lenging to detect faked content due to the complexity of Al-generated
text [109]. Finding linguistic patterns or anomalies that differentiate
machine-written from human-written content is the foundation of cur-
rent techniques for detecting Al-generated writing. However, because of
differences in writing styles and changing language models, these
methods are not infallible [110,111].

Recent advances in large language models (LLMs) have raised con-
cerns about Al-generated text detection, notably among academic in-
stitutions and publishers. Current detection tools claim excellent
accuracy, but certain research suggest unreliability [112]. The paper by
Majovsky et al. [112] argues that detecting Al writing is wrong as it may
lead to a technological arms race by improving Al writing tools. Since
LLMs evolve quickly, detection methods may become obsolete. Pre-
vention should be prioritized over detection because Al-generated text
detection technologies are unreliable. This must also be communicated
to educators. Instead, preventive pedagogical tactics for responsibly
using generative Al technologies, including their pros and cons, should
be discussed. Explaining and training students, instructors, and staff on
ethical versus unethical Al tool use is crucial [113].

Academic research may be greatly affected by the EU AI Act. This law
shapes the legal landscape for researchers who use Al techniques. The
Act’s focus on risk assessment and compliance may push Al researchers
to use more rigorous methods, improving data quality and reliability
[114]. However, bureaucratic impediments and compliance expenses
may stifle innovation. Al in academic study has major ethical conse-
quences. Generative models like ChatGPT have raised concerns about
academic integrity and plagiarism [115]. Al tools must be used carefully
to preserve research uniqueness. Data collection, processing, and use in
research is complicated by the EU AI Act’s data protection and privacy
rules, especially in light of the GDPR [116].

Table 3
Issues related to intellectual property and authorship.
Topic Key Issues References
Ownership and - Debate over ownership of Al-generated [104]
Authorship Issues content.
- Question of whether training data use
constitutes fair use.
- Legal challenges, e.g., lawsuits against
companies like OpenAl.
Existing Legal - IP laws inadequately address Al-related [105]
Frameworks challenges.
- Gaps in protection for original creators.
- Need for adapting IP laws to safeguard
creators and encourage innovation.
Bias and Fair - Biased datasets perpetuating inequalities. [106,107]

Competition

Risk of overshadowing human-created
content.

- Importance of addressing biases for fair
competition.
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4.2. Technical barriers

There are numerous barriers to incorporating Al into existing
research practices. Due to a general lack of technical knowledge to
deploy AI tools, many researchers still underutilize or misapply these
technologies [42,117]. Organizational complexity to manage change is
yet another obstacle to overcome, as organizations may not be ready for
new technology due to heavy procedures in place or inability to finance
staff training for the new technology [117].

It sends up many ethical considerations with rapid application in
research, most notably related to bias, privacy, and responsibility. As no
standards have been established specifically shaped around the unique
issues provided by the technology, REBs have often found themselves ill-
prepared to review Al-driven initiatives, sometimes due to a sheer lack
of knowledge in particular domains [118]. The ethical setting is further
complicated by the lack of comprehensive regulatory frameworks,
which put researchers at the risk of potential ethical violations when
operating with AI [118,119]. Because researchers may grow accustomed
to relying on Al-generated ideas without doing enough analysis, they
may lose their ability to think critically and creatively as a result of this
dependence [119].

Large, high-quality datasets must be available to Al applications if
the latter are to function effectively. However, usability and interoper-
ability issues in current workflows make it hard to access such datasets
[120]. In many instances, integrating Al into existing research processes
involves a great deal of expense and often requires significant en-
hancements in infrastructure. The need for advanced technology solu-
tions to support Al applications is discussed in numerous research
contributions. To ensure successful deployment, issues such as data
validation, hardware specifications, and scalability of Al tools need to be
addressed [42,120]. Blockchain technology has been one such sugges-
tion to ensure data security and integrity in healthcare applications
[121,122]. Irrespective of the increased capabilities of AI, human
intervention also plays an important role. Incorrect conclusions may
result from insufficient human intervention coupled with an increased
reliance on the outcomes developed by AI. Many such studies have
underlined the need for ethics guidelines or frameworks to reduce
threats [123].

5. Comparative analysis of Al tools for research efficiency

An enormous amount of data must be processed for scientific study
due to the exponential rise of data and the quick advancement of Al
technology [124]. Chatbots driven by Al are becoming more and more
common in a variety of sectors, including academia. There is, however, a
dearth of empirical study on academicians’ adoption practices [125].
Four top generative models are empirically benchmarked in the Mor-
ande [126] study. The systems’ capacity to support 10 essential facets of
scholarly research, from literature reviews to hypothesis creation, is
assessed using standardized tests. Thematic study of the AI tools’
viewpoints in conjunction with quantitative assessment of complete-
ness, correctness, and relevance reveals subtleties between the systems’
advantages, disadvantages, and validation requirements. Key findings
indicate significant limitations in contextual adaptation, reasoning, and
bias reduction, but promising competencies in targeted tasks like sum-
marization. Although narrow augmentation seems possible at the
moment, it is still difficult to totally automate scholarly work. To guide
these technologies into responsible integration, the study provides
important insights such as practical adoption strategies, governance
agendas, and ethical issues. It also outlines potential avenues for future
study, like improving logic and transparency.

Al is also supposed to enhance research processes. For instance, it
helps in the development of the tool called rTutor.ai, which will give a
hand in the generation of R code for statistical analysis in the field of
academic writing [127]. The general use of Al in many fields across
industries is further elaborated by the pharmaceutical industry that has
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embraced its use in drug development, dosage form designs, and opti-
mization [65]. Given its manifold uses in every facet, any expansion
involving the use of AI would seriously affect security and risk
management-a factor that the management cannot afford to miss. Doc-
uments such as the Executive Order on Safe, Secure, and Trust-worthy
Development of Al-use guidelines point toward the need to develop
the use of AI through articulated guiding principles and priorities [128].
In summary, the use of Al tools grouped by functions such as writing,
data analysis, and teamwork—offers a plethora of chances for efficiency
and creativity in a variety of sectors. With the integration of Al in op-
erations such as cybersecurity, academic writing, and pharmaceutical
technologies, organizations can enhance their capabilities and remain
competitive in an increasingly digital world. While harnessing the power
of Al solutions, the key issue remains one of security and risk manage-
ment in order to protect against potential vulnerabilities and guarantee
safe and secure operations [129-131].

There is an interest in the usage of Al in a lot of industries. The issues
that the research community encounters due to the ever-increasing
volume of scholarly literature and the inefficiencies of conventional
manual research approaches were discussed by Miiller et al. [132]. It is
necessary to examine Al tools in order to enhance research productivity
and extend the scope of research questions and data sources. Based on
this, Rajagopal et al. [133] focused on how AI tools affect business
performance and pointed out that without a systematic review of the
literature, it would not be possible to understand how AI and marketing
philosophy interact. The research aimed at developing a theoretical
model from previous studies in the field, highlighting the importance of
assessing Al tools on specific standards to achieve the desired research
output. Shanbhag et al. [134] performed a blinded comparative analysis
in evaluating the performance of Al in radiation oncology; this showed
the advanced skills that Al performs in medical practices. As discussed
by Marquis et al. [135], this Al tool has brought various changes in job
dynamics, professional performance, and attitudes of society. It estab-
lished that a generational divide exists regarding the adoption of AL
thus, while assessing the value of Al technologies with regard to aca-
demic research efficiency, user perceptions and level of engagement
become an essential factor to consider. The review on Al-assisted
scholarly writing tools by Martin-Boyle et al. [136] demonstrates the
ways in which AI could be leveraged to organize information and pro-
duce relevant sections of the work in academic writing. Liu et al. [137]
have provided an overview of research and educational uses of
Al-assisted programming technology with a focus on underlying tech-
nology, performance evaluation, impacts, behavioral patterns, and
ethical issues. Reddy et al. [138] discussed the potential of Al algorithms
to further diagnostic procedures and improve patient outcomes, espe-
cially in healthcare related to coronary CT angiography for the man-
agement of coronary artery disease. Mostafapour et al. [139] presented a
comparison between the literature reviews produced by the model
ChatGPT-4 and the ones produced by human researchers, which calls for
determination of the ability of the Al tools in producing quality research
output.

These resources have different advantages and disadvantages which
influence the direction and outcome of the research. The ability of Al
tools to enhance the students’ clinical practice and learning experience
through facilitating the development of transferable skills is one of the
advantages in academic research [140]. Al techniques can be helpful in
areas such as forensics applications, as evidenced by stable isotopes used
for many purposes, as shown in Chesson et al. [141]. However, Al
techniques used in scholarly research also have some disadvantages. The
practice of taking advantage of academic resources by administrative
staff leads to unfair competition and hampers proper academic research
activities [142]. As a result, competing for research projects may not be
as easy for either teachers or researchers. Based on the distribution of the
research topics, Ma et al. [143] propose a competitiveness-based
approach for assessing research capability and ascertaining strengths
and weaknesses of research institutes. This kind of analysis may help
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indicate the areas which need improvement and provide indicative in-
formation on the status quo of the field. Qasem [144] discusses the
potential benefits and drawbacks of using ChatGPT and other language
models for scholarly and scientific research. It is crucial that academics
and students understand such implications while navigating the shifting
landscape of Al technologies in academia.

6. Impact on different research disciplines

Because Al greatly improves the efficiency, accuracy, and depth of
many scientific pursuits, it has completely changed the research envi-
ronment. The technical aspects of Al are the main emphasis of this
literature review, especially techniques that are essential for enhancing
the performance of Al models, such as transfer learning, fine-tuning, and
hyperparameter optimization. According to the transfer learning para-
digm, previously trained models are modified for new tasks by drawing
on their prior expertise. This method preserves excellent performance
levels while cutting down on training time and data needs. For example,
research has demonstrated that optimizing pre-trained language models,
such as BERT and GPT, can yield impressive outcomes in tasks like
sentiment analysis and text classification [145]. Transfer learning makes
it possible to effectively modify pre-trained convolutional neural net-
works (CNNs) for certain image identification tasks in computer vision
[146].

Changing a pre-trained model’s parameters to suit a new task is
known as fine-tuning. It works especially well when paired with stra-
tegies like prompt engineering or adapter tuning. Adapter tuning pre-
serves performance similar to full-parameter fine-tuning while lowering
computational costs by altering only a portion of the model parameters.
By optimizing input prompts without changing the underlying model
structure, prompt engineering enables effective adaptation to down-
stream tasks without requiring a significant amount of retraining [145,
147,148].

By choosing the best configuration settings that improve AI models’
performance on particular tasks, hyperparameter optimization is
essential to maximizing the models’ potential. Although they are
frequently employed, methods like grid search and random search can
be computationally demanding. Recent developments include more
effective hyperparameter optimization through the use of machine
learning techniques itself [149].

6.1. STEM fields

Al significantly influences the learning of science, technology, en-
gineering, and mathematics (STEM), particularly at the higher educa-
tion level. Al has the potential to fully disrupt curriculum design,
teaching methods, and student engagement. The study points out some
key areas where Al enhances efficiency in education, such as automating
administrative tasks and providing personalized learning experiences,
freeing teachers to focus on strategic projects and enhancing operational
efficiency [150].

Studies have shown that AI applications in most STEM subjects are
quite diverse. Al enhances diagnosis processes in health by interpreting
data and performing predictive analytics. It helps in generating research
ideas and makes complex data analysis easier in the financial industry
[151]. Some innovative learning tools, like the ISS or Intelligent Science
Station, have been developed to engage students in active learning
through the use of scientific methodology in real applications [152].

6.2. Medical research

Natural language processing and machine learning among other Al
technologies are improving diagnosis accuracy, treatment protocol
optimization, and administrative task simplification. The several effects
of Al on research efficiency in different medical disciplines are investi-
gated in this paper, therefore stressing both advantages and difficulties
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of its application. Radiology is profoundly impacted by Al since it im-
proves diagnosis capacity and automates picture interpretation.
Research shows that radiology Al applications increase diagnostic ac-
curacy and workflow efficiency, so perhaps lowering radiologist work-
load [153]. Still, questions about the ethical consequences of using Al
tools and their dependability remain unresolved. Including Al in radi-
ology presents difficulties including data quality problems and the need
of strong validation procedures. Radiology diagnosis procedures have
been demonstrated to be much improved by AI technologies. For
example, faster diagnosis and better patient outcomes follow from ma-
chine learning algorithms’ more rapid and accurate analysis of imaging
data than more conventional techniques [154].

With AI technologies created to help with clinical decision-making,
predictive analytics, and tailored treatment plans, the use of Al in
oncology has gathered steam. Studies show that Al can improve the
diagnosis accuracy for lung cancer, a disease marked by high morbidity
and death rates [155]. Notwithstanding these developments, the general
acceptance of Al in oncology confronts obstacles including data man-
agement issues and the need for clinical validation. Biassed data and a
lack of consistent reporting techniques are among the various reasons
why Al in oncology is hampered. These difficulties call for a cooperative
approach among stakeholders to create efficient Al technologies that
may be easily included into clinical procedures [156]. Constant learning
and development for medical practitioners are crucial to guarantee the
efficient application of Al technology in cancer [157].

The influence of AI goes beyond clinical work into medical educa-
tion. According to a poll of postgraduate student doctors, most of them
view AI's contribution to improve clinical training and education as
somewhat favorable [157]. Although there were worries regarding its
possible reduction of chances for gaining clinical judgement and prac-
tical abilities, respondents pointed out that AI might lower clinical
workload and enhance research training.

6.3. Social sciences and humanities

Al technologies, in particular those based on NLP, have greatly
improved qualitative analysis by automating what was previously done
manually. Traditional qualitative analysis involves time-consuming and
often very labor-intensive processes prone to human error, such as
transcription, coding, and topic analysis. Al technologies can streamline
these processes and free the academic to devote time to deeper analysis
rather than drudgery. Cheligeer et al. [158] compared the results of
conventional coding techniques with those from NLP in analyzing
open-ended survey responses among people with chronic pain. While
the authors have pointed out the limits of Al in extracting subtle con-
cepts, their results indicated that NLP technologies not only increased
efficiency but also improved thematic identification accuracy.

An AQUA developed by Lennon et al. [159] demonstrated a reduc-
tion in coding time by 75 % while providing insights on the relationships
between topics that were not noted before. This work gives evidence of
how AI is able to bring forth hidden patterns, therefore enhancing
qualitative analysis. Harrison et al. [160] conducted a systematic liter-
ature review that emphasized the emerging trend of integrating Al tools
to improve data processing and analysis skills, highlighting a variety of
Al applications throughout qualitative research.

Most of the research that assesses the impact of Al on digital pres-
ervation and archival management has explored its integration within
archival operations. Al technology enables better sorting and screening
of historical documents, which is critical in handling big datasets and
ensuring compliance with data protection legislation. Moss et al. [161]
investigated how AI might affect archival practices, finding themes like
improving access to archives and automating recordkeeping procedures.
According to their research, Al introduces new approaches for orga-
nizing data, which calls into question established ideas of archive
integrity including provenance and original order. Al can help archivists
manage massive amounts of data while upholding ethical standards in
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data handling, according to a study by Chabin [162] that examined the
application of Al for metadata creation in historical photo collections. In
light of AI developments, Punzalan and Caswell’s [163] work challenges
conventional archive ideas, contending that these tools may be in op-
position to archiving practices’ objectives of diversity and inclusiveness.

6.4. Interdisciplinary research

Interdisciplinary study combines perspectives, methods, and
knowledge from multiple disciplines to address complex issues. It aims
to move beyond traditional boundaries among the disciplines and foster
innovative approaches that may not be realized through single-
discipline approaches. One systematic study identified various defini-
tions and characteristics of interdisciplinary research, also discussing
how it may merge different strengths of disciplines for the realization of
new findings [164]. Recent research has shown how Al technologies, in
particular ChatGPT, have transformed many fields of academia. In a
systematic study, it has been found that ChatGPT has been used widely
in areas such as computer science, healthcare, and education, proving its
ability to support multidisciplinary research by enabling researcher
communication and providing insights [165]. This integration of Al not
only accelerates research processes but also encourages collaboration by
bridging gaps in many academic areas.

Most of the interdisciplinary research approaches are enormously
different; they often involve both qualitative and quantitative analyses
in assessing teamwork. For instance, bibliometric techniques have been
employed to identify recognized institutions and authors, and also to
identify trends in mapping landscapes regarding Al applications across
fields [165]. Interdisciplinary conferences are essential to the
advancement of interdisciplinary research because they give academics
from many domains a forum to exchange work and develop partner-
ships. In addition to promoting networking, these gatherings foster the
sharing of ideas that may result in novel research findings [166].

7. Future directions

The future of Al in enhancing research efficiency is set to revolu-
tionize both academic and industrial landscapes. Despite the significant
progress made, the integration of Al into research workflows could be
further influenced by a variety of emergent trends, policy consider-
ations, and research opportunities. A promising trend is, among others,
the rapid increase in the proficiency of generative AI models, state-of-
the-art language models that develop coherent text, summarize
complicated ideas, and produce academic articles. Such facilities are
able to reduce the time taken for writing and editing by researchers by
many orders of magnitude, leaving the researchers to devote much more
time to conceptual and analytical work. With every passing year, Al
models for text, image, and numerical data analysis are turning out to be
increasingly effective instruments for interdisciplinary research. These
models may allow breakthroughs in various fields, including bioinfor-
matics, climate science, and social network analysis, among others,
providing insights into a wide range of data. Table 4 focuses on the
metrics related to time savings achieved by researchers using Al-assisted
tools.

Table 4
Time savings with Al-assisted tools.
Study/Tool Type of Task Original Reduced Time Percentage
Time Saved
Liu et al. Abstract Review  Variable Up to 99.8 % Up t0 99.8 %
[167] reduction
Clark et al. Eligibility Manual: Automated: ~72%
[168] Screening ~41h33m ~11h48m
Egunsola Network Meta- Manual: Automated: -
et al. Analyses Hours/Days ~2 min
[169] Replication
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The integration of Al into research processes offers substantial ben-
efits, including significant reductions in time spent on tasks such as
literature screening and data extraction. While there is a notable lack of
direct economic impact assessments from these efficiencies, indirect cost
savings through manpower reduction are evident. As technology ad-
vances and trust barriers are addressed, we expect even greater adoption
and quantification of these benefits.

Supportive policies are indispensable for Al to realize its maximum
potential in improving research efficiency. The ethical, technical, and
social challenges that are associated with the deployment of AI must be
addressed by institutions and governments. Fostering inclusivity and
reducing disparities between well-funded institutions and those in
resource-constrained contexts necessitates guaranteeing that Al tools
are accessible and affordable to researchers worldwide. Policies that
support open-source Al tools can democratize access and allow re-
searchers from all walks of life to leverage technological advancements.
To prevent the misuse of Al in research, such as the generation of false or
misleading data, policymakers need to set guidelines. Transparency in
standards is necessary to ensure credibility and accountability in aca-
demic publishing regarding Al-generated content. It is also important to
strengthen the legislation related to data privacy, which involves sen-
sitive information, especially in healthcare and social sciences. Gov-
ernments and funding agencies should provide resources for Al training
programs that would provide researchers with the necessary expertise to
apply these technologies efficiently. Acceleration of AI adoption and
innovation in disciplines will be achieved through bridging the knowl-
edge divide.

Few comparative studies exist that test the efficacy of multiple tools
in different disciplines. These are aspects that need further research in
order to find optimal practices for using these tools effectively [170,
171]. More longitudinal studies are needed in terms of assessing the
long-term impact of Al integration on research quality and productivity.
Understanding these will aid in the development of AI applications in
scholarship. It would be interesting to review some researchers’ expe-
riences with these Al tools for valuable insights into usability issues that
could inform the development of future tools. This way, a user-centered
approach will ensure that tools adequately meet the needs of re-
searchers. The relationship between Al and human creativity in research
deserves further review in detail. While Al is excellent for automating
mundane tasks, its contribution to creativity and innovation is yet to be
determined. New dimensions of research productivity might be
unleashed by investigating how Al can complement human ingenuity,
rather than simply automating manual processes. For instance, the
identification of synergies that enable transformative discoveries could
be uncovered by analyzing the ways in which Al can contribute to hy-
pothesis generation, problem-solving, and conceptual thinking.

8. Conclusion

Al integration into research workflows has revolutionized research
productivity across various phases of the lifecycle. Al tools are making
research faster, more accurate, and more collaborative, from literature
discovery and data analysis to writing aid and collaboration. The use of
Al in research is not without its challenges. Al ethics, output reliability,
and tool accessibility remain some of the major challenges. These are the
challenges that a researcher has to negotiate while using Al for boosting
productivity.

Al solutions can speed up operations that are too time-consuming,
automate repetitive tasks, and liberate the researcher to devote more
time to critical thinking and new analyses. With Al-powered literature
discovery services, rapid searches enable researchers to stay current
with state-of-the-art studies. Researchers can make better decisions
using various data analysis techniques that handle complex data sets.
Writing assistants support researchers in maintaining high academic
standards by increasing productivity and the quality of writing, while
collaboration technologies enhance communication and teamwork,
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particularly in multi-disciplinary research projects.

Even with such advances, Al tools have their limitations. While they
automate activities well, many technologies demand high levels of skill,
making them less accessible to non-technical users. Al tools also create
ethical issues related to authorship, data privacy, and Al-driven bias in
research results. Researchers have to be cautious about information
generated by Al and uphold academic integrity when integrating Al In
the future, Al is expected to rise in research efficiency. New trends, such
as explainable AI models and decentralized collaborative platforms,
should solve current issues. As Al develops, it could make research more
efficient, ethical, and inclusive for the worldwide academic community.
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