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Abstract

Purpose: The study aims to analyze the synergy of Artificial Intelligence (Al), with
scientometrics, webometrics, and bibliometrics to unlock and to emphasize the potential of the
applications and benefits of Al algorithms in these fields.

Design/methodology/approach: By conducting a systematic literature review, our aim is to
explore the potential of Al in revolutionizing the methods used to measure and analyze scholarly
communication, identify emerging research trends, and evaluate the impact of scientific
publications. To achieve this, we implemented a comprehensive search strategy across reputable
databases such as ProQuest, IEEE Explore, EBSCO, Web of Science, and Scopus. Our search
encompassed articles published from January 1, 2000, to September 2022, resulting in a
thorough review of 61 relevant articles.

Findings: (i) Regarding scientometrics, the application of Al yields various distinct advantages,
such as conducting analyses of publications, citations, research impact prediction, collaboration,
research trend analysis, and knowledge mapping, in a more objective and reliable framework. (ii)

In terms of webometrics, Al algorithms are able to enhance web crawling and data collection,



web link analysis, web content analysis, social media analysis, web impact analysis, and
recommender systems. (iii) Moreover, automation of data collection, analysis of citations,
disambiguation of authors, analysis of co-authorship networks, assessment of research impact,
text mining, and recommender systems are considered as the potential of Al integration in the
field of bibliometrics.

Originality/value: This study covers the particularly new benefits and potential of Al-enhanced
scientometrics, webometrics, and bibliometrics to highlight the significant prospects of the
synergy of this integration through Al.

Keywords: Artificial Intelligence, Scientometrics, Webometrics, Bibliometrics, Machine

Learning, Deep Learning, Cutting-edge Technology.



Introduction

Artificial Intelligence (Al) has revolutionized various fields, in particular scientometrics,
webometrics, and bibliometrics [1, 2]. Scientometrics is a field that involves the quantitative
analysis of scientific literature to measure various aspects of scientific research, such as
productivity, impact, and collaboration patterns [3]. It uses bibliographic data and citation
analysis to understand the dynamics of scientific knowledge production and dissemination [4].

Webometrics, on the other hand, focuses on the quantitative analysis of web-based
information, particularly websites and hyperlinks, to assess the impact and visibility of
individuals, organizations, or research institutions on the web [5]. It employs web crawling and
link analysis techniques to examine web-based structures and interactions [6].

Bibliometrics is a field that applies mathematical and statistical methods to analyze patterns
of publication, citation, and collaboration in academic literature [7]. It measures the impact and
influence of scholarly publications, authors, and institutions based on citation analysis and other
bibliographic data [8].

These three fields are closely related to each other as they all involve the quantitative
analysis of information and aim to provide insights into the production, dissemination, and
impact of scientific knowledge. They share common methodologies and techniques, such as data
mining, network analysis, and statistical modeling.

In the following, we demonstrate prospects based on previous applications. Furthermore, we
conclude that we provide also ground for further research and prospective innovation in the field
of informetrics, ultimately leading to more accurate, efficient, and insightful analyses in
evidence-based decision-making.

Researchers face a challenge when dealing with the availability of vast amounts of scholarly
publications, as it becomes difficult to extract knowledge, improve data analysis, and make well-
informed decisions. Al-enhanced algorithms and techniques have played a crucial role in
automating the identification, classification, and analysis of scientific literature [9]. Moreover,
the application of Al algorithms has opened up new possibilities, enabling efficient data
processing, pattern recognition, and knowledge extraction [10, 11]. Thus, by harnessing the
power of Al, researchers can now delve into large-scale publication metrics, identify research

trends, and track the influence and impact of scientific productions [10, 12, 13].



First, by leveraging natural language processing (NLP) algorithms, machine learning
techniques, and deep learning approaches, Al can extract key information from scientific papers
from a scientometric perspective to gain a comprehensive understanding of research trends,
collaborations, and impact within specific domains [14].

Next, in terms of webometrics, Al algorithms can collect data from various online sources
through web scraping, including web pages, blogs, forums, and social media posts. Machine
learning, data mining algorithms, and deep learning (DL) techniques can extract data and
patterns to help researchers understand and predict online users’ behaviors, and digital impact
[15, 16].

“Finally”, through Al-powered algorithms, bibliometricians can analyze large-scale
bibliographic and citation databases, such as Web of Science or Scopus, to uncover patterns,
trends, and relationships among scientific productions [17].

These algorithms and approaches are helpful for policymakers and academicians to assess the
impact of researchers, institutions, or scientific fields, facilitating evidence-based decisions,
policy making, innovation mapping, and forecasting future-oriented developments [18].

While Al has shown great promise in improving the efficiency and accuracy of
scientometric, webometric, and bibliometric analyses, there remains a lack of comprehensive
understanding of the cutting-edge techniques and advancements in this rapidly evolving field. As
researchers strive to harness the power of Al to gain deeper insights into scholarly
communication patterns, citation networks, and the impact of research, it is crucial to conduct a
systematic review that consolidates and synthesizes the latest developments and methodologies.

Therefore, the problem at hand is the absence of a comprehensive overview and analysis of
the current state-of-the-art Al-enhanced techniques in scientometrics, webometrics, and
bibliometrics. This knowledge gap inhibits researchers and practitioners from fully capitalizing
on the potential benefits and advancements offered by Al in these domains. By conducting a
systematic review, we aim to address this gap and provide a comprehensive understanding of the
state-of-the-art Al techniques, their applications, and their impact on the field of informetrics.

In our study, we focus on these three specific fields (scientometrics, webometrics, and
bibliometrics) because they represent key areas where the application of artificial intelligence
(Al has had a significant impact. Al techniques, such as machine learning and natural language

processing, have greatly enhanced the analysis of large-scale bibliographic and web-based data,



enabling more accurate and efficient measurement of scientific impact, knowledge diffusion, and
web visibility.

Through this systematic review, we seek to shed light on the potential of Al to transform the
way we measure and analyze scholarly communication, identify emerging research trends, and
assess the impact of scientific publications. By doing so, we hope to inspire further research and
innovation in the field of informetrics, ultimately leading to more accurate, efficient, and
insightful analyses that can drive scientific progress and informed evidence-based decision-

making.

Materials and Methods

Our study has involved conducting a thorough review of the existing literature to explore the
various aspects and several indicators related to the use of Al-enhanced in Scientometrics,
Webometrics, and Bibliometrics. Throughout the preparation of this manuscript, we have
adhered to the PRISMA-ScR checklist and followed the recommended reporting guidelines for
systematic reviews [19]. It is important to note that this manuscript has not been previously
registered in PROSPERO or any similar database. We want to emphasize that while PROSPERO
registration is typically associated with systematic reviews, we have made a deliberate decision
not to register this specific review. This decision is based on the scope of our review, which does
not strictly meet the eligibility criteria of PROSPERO, and the practicality within the limitations
of our project. We want to assure readers that our literature search and selection process follow
rigorous methodology, and our findings are reported transparently, thus in order to address any

concerns regarding credibility.

Research Questions

1. "How do the cutting-edge technigues in Al-enhanced scientometrics contribute to the field of
research evaluation and impact assessment?"

2. "What advancements have been made in Al-enhanced webometrics and how do they enhance
the understanding of web-based information and online user behavior?"

3. "In what ways do the cutting-edge techniques in Al-enhanced bibliometrics revolutionize the
analysis and measurement of scholarly publications and their impact?"

e Additionally, we are seeking answers to the following inquiries:



4. "What does the future hold for Scientometrics, Webometrics, and Bibliometrics with Al?"

5. "What are the ethical considerations that need to be taken into account when utilizing Al in
Scientometrics, Webometrics, and Bibliometrics?"

Inclusion and Exclusion Criteria

During the study selection process, we implemented specific criteria to identify relevant articles
from the database. We considered various types of articles, excluding systematic review articles
as our aim is to concentrate on original research studies, and meta-analyses as they often have
their own distinct inclusion and exclusion criteria that may differ from ours. The selected articles
needed to focus on the use of Al to transform the measurement and analysis of scholarly
communication, do identify emerging research trends and; evaluate the impact of scientific
publications. Consequently, articles solely addressing the analysis of scholarly communication
and the impact of scientific publications without any relevance to Al are excluded from the
review. Through the application of these criteria, we ensure that the chosen studies directly
address the analysis of Al-enhanced techniques in the field of scientometrics, webometrics, and
bibliometrics, enabling us to provide a targeted and focused analysis for our research.

Databases and Search Method

We have conducted searches in several databases including ProQuest (LISTA & IBSS), EBSCO
(LISTA), IEEE Explore, Web of Science, and Scopus to identify relevant studies. The search
was limited to articles published between January 1, 2000, and September 2022, in order to
encompass the most recent literature related to our research objectives. To ensure a
comprehensive search strategy, we utilized a combination of broad search terms and conducted a
nested search [20]. The search strategy involved using keywords that were relevant to our
research topic, including variations and synonyms to maximize coverage. For instance, in
Scopus, our search string included terms such as "AI" OR "Artificial Intelligence”™ AND
"Scientometrics” OR "Webometrics” OR "Bibliometrics™ or variations of it. By incorporating
these keywords and using Boolean operators to combine them, our aim was to identify articles
that focused on the impact, effectiveness, and evaluation of healthcare or smart health
technologies. The specific search terms and string may have varied slightly for each database,

but they followed a similar structure.



Study selection
The study selection process consisted of two steps to identify articles that met our inclusion
criteria. Initially, two independent reviewers (HR.S. and E.H.) screened the titles and abstracts of
the identified articles to determine their relevance to our research question and inclusion criteria.
Any disagreements between the reviewers were resolved through discussion and consensus. If
disagreements persisted, a third reviewer (M.A.) was consulted as an arbitrator. The third
reviewer carefully examined the articles in question and provided input to reach a consensus.
This approach ensured that the final selection of articles was (and is) based on collective
agreement.
Study quality appraisal
The quality assessment of the included reviews was conducted by two researchers (HR.S. and
E.H.) using the CASP Systematic Review Checklist (Appendix 1). We resolved any
disagreements through discussion and reached a consensus on the quality of each study.
Coding framework for analyzing the selected articles
To ensure a systematic and consistent analysis of the selected articles, a coding framework was
developed and applied. The coding framework consisted of several key categories and criteria
that guided the analysis process. The following is an overview of the coding framework used:
1. Category 1: Research Methodology
- Criteria: Identify the research methodology employed in each article (e.g.,
experimental, survey, case study, etc.).
2. Category 2: Al Applications
- Criteria: Determine the specific applications of artificial intelligence discussed or
utilized in each article (e.g., machine learning, natural language processing, data mining,
etc.).
3. Category 3: Metrics and Measures
- Criteria: Capture the different metrics and measures used or proposed in the articles
for evaluating the impact or effectiveness of the Al applications in scientometrics,
webometrics, and bibliometrics.
4. Category 4: Ethical Considerations
- Criteria: Identify any ethical considerations or implications discussed in relation to the

Al applications in the selected articles.



5. Category 5: Future Implications
- Criteria: Examine the discussions or predictions regarding the future implications and
potential developments related to the use of Al in scientometrics, webometrics, and
bibliometrics.
During the analysis, two independent researchers coded each article using this framework. Any
discrepancies or disagreements in coding were resolved through discussion and consensus. Inter-
coder reliability was assessed by calculating Cohen's kappa coefficient, which yielded a
substantial agreement level of 0.85. By employing this coding framework, we aimed to provide a
comprehensive analysis of the selected articles and ensure consistency in the evaluation of
relevant aspects. The coding process allowed for a systematic examination of the research
methodology, Al applications, metrics, ethical considerations, and future implications discussed

in each article.

Results

The identification phase of our study involved conducting searches on various databases, such as
ProQuest (LISTA & IBSS), EBSCO (LISTA), IEEE Explore, Web of Science, and Scopus. From
these databases, a total of 1827 articles were initially found. After removing duplicate articles
(962), we were left with 865 articles for further evaluation. By carefully assessing the exclusion
criteria based on specific criteria, we excluded 356 articles, resulting in 509 articles for a more
thorough analysis of their titles and abstracts. From a full-text analysis, we identified 61 of 121
articles that were relevant to our study's focus on Al in Scientometrics, Webometrics, and
Bibliometrics. Therefore, our final dataset consisted of 61 articles, as shown in the flow chart

provided in Figure 1.
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Figure 1. Flowchart of the review of the articles, within PRISMA guidelines

RQ 1: Al and scientometrics

In scientometrics, Al can provide several specific benefits including Publication Analysis,
Citation Analysis, Prediction of Research Impact, Collaboration Analysis, Research Trend
Analysis, and Knowledge Mapping. The Al benefits in such six subfields (Figure 2) have been
discussed, e.g., in [21-31].
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Figure 2. Six specific benefits Al can provide to scientometrics; Source: by the authors

These 12 studies demonstrate the potential benefits and strategies for utilizing Al capabilities in
scientometrics. How Al can improve the quality, accessibility, and data collection processes in
scientometric analyses is further highlighted in Table 1.

The main point is that Al algorithms can analyze large volumes of scientific publications
and extract valuable information, such as author and co-author names, affiliations, keywords, and
citations [21, 22]. As a result, researchers can gain insight into publication patterns, research

networks, and collaborations within a particular scientific field [32, 33].

Table 1. Studies Demonstrating the Usable Capacities of Artificial Intelligence for Scientometrics

References Findings Main Points
Donthu, Kumar et al. 2021, | Publication Al can enhance the accuracy and efficiency of
Rietz 2021, Caputo and | Analysis data collection and analysis in scientometrics.

Kargina 2022, Saeidnia,
Kozak et al. 2023,
Soleymani, Saeidnia et al.
2023

Abrishami and Aliakbary | Citation Al algorithms can effectively identify citation

10




2019, Fazeli-Varzaneh,
Ghorbi et al. 2021,
Nicholson, Mordaunt et al.
2021, Caputo and Kargina
2022, Zhao and Feng 2022

Analysis

patterns and analyze the impact of scientific
publications.

Bertsimas, Brynjolfsson et
al. , Kappen, van Klei et al.
2018, Moons, Wolff et al.
2019, Zhang and Wu 2020,
Ma, Liu et al. 2021

Prediction of
Research
Impact

Al can analyze large volumes of data to identify
emerging research trends and predict future
directions in scientometrics.

Mizoguchi, Imakura et al.
2022, Ullah, Shahid et al.
2022, Maghsoudi,
Shokouhyar et al. 2023

Collaboration
Analysis

Al techniques can identify and analyze patterns
of scientific collaborations, facilitating the
understanding of collaborative networks in
scientometrics.

Aparicio, Aparicio et al.

Research Trend

Al can analyze scientific literature to identify

2019, Chen, Chen et al. | Analysis emerging research areas and facilitate the
2020, Ceptureanu, Cerqueti discovery of new knowledge domains.

et al. 2021, Jebari, Herrera-

Viedma et al. 2021,

Karpov, Pitsik et al. 2023

Corea and Corea 2019, | Knowledge knowledge mapping via Al-based metrics is to
Pedro, Subosa et al. 2019, | Mapping map a visual representation of the knowledge

Pasquinelli and Joler 2021,
Liang, Luo et al. 2022

and information within an organization or
domain. This mapping can help identify gaps in
knowledge and potential opportunities for
innovation. Knowledge mapping can also help
organizations make more informed decisions.

Moreover, Al algorithms can analyze citation networks to identify the impact and influence

of scientific papers, as well as the relationships between different research works [22, 24, 31].

Researchers can use this method to identify highly cited and influential papers, - even sleeping

beauties [34] as well as to understand the dynamics of scientific knowledge dissemination.

Interestingly, Al techniques can be employed to predict the impact of scientific research

based on various factors, such as author reputation, journal quality, and citation patterns [27].

Analyzing historical data allows Al models to provide insights into the potential impact of

research, enabling researchers and institutions to determine the best course of action.
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Co-authorship networks can be analyzed by Al to identify and understand research
collaborations [28, 30]. By analyzing publication history, author affiliations, and co-authorship
patterns, Al can help researchers identify potential collaborators and research networks, enabling
better collaboration and knowledge exchange.

In order to identify emerging research trends and topics, Al can analyze large-scale scientific
literature [23, 26, 35] For example, by utilizing natural language processing techniques, Al
algorithms can automatically extract keywords, topics, and trends from scientific publications,
helping researchers identify new research directions and stay up-to-date with the latest
advancements in their field.

“Finally”, Al can map the scientific knowledge landscape by analyzing the relationships
between different scientific papers, keywords, and concepts [25, 29]. In addition to facilitating
literature reviews, hypothesis generation, and research planning, this visualization allows
researchers to visualize and understand the structure and evolution of knowledge within a

specific research area.

RQ 2: Al and webometrics

In webometrics, Al can provide several specific benefits including Web Crawling and Data
Collection, Web Link Analysis, Web Content Analysis, Social Media Analysis, Web Impact
Analysis, and Recommender Systems as sketched in Figure 3, and e.g. it has been demonstrated
through papers like [9, 10, 21, 36-45].

12
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Figure 3. Six specific benefits Al can provide to webometrics; Source: by the authors

These 6 considerations point to the potential benefits and suggest focussed strategies for
utilizing Al capabilities in webometrics. The resulting findings highlight how Al can improve the
quality, accessibility, and data collection processes in webometrics analyses, as outlined in Table
2.

Indeed, algorithms based on artificial intelligence can automatically crawl and collect
data from websites, including institutional websites, scientific research portals, and online
repositories [39, 42]. This enables researchers to gather large amounts of web-based information
for analysis, including publication data, author profiles, and citation patterns.

In order to understand the relationship between publications, websites, and authors, artificial
intelligence approaches can analyze hyperlink structures and web link patterns [9, 43]. By
analyzing the link structure, Al algorithms can identify influential websites and authors, as well
as detect communities, collaborations, and research networks within the web-based scientific

ecosystem [17].
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Table 2. Studies Demonstrating the Usable Capacities of Artificial Intelligence for Webometrics

References Findings Main Points

Serrano 2018, Brewer, . Al can automate the web crawling process,
Web Crawling . . . i

Westlake et al. 2021, and Data extracting data from websites and improving

Khder 2021, Alaidi, Roa’a . the efficiency of data collection for
Collection .

et al. 2022 webometrics.

Yuan, Chen et al. 2018,

Thomas and Mathur 2019, . Al algorithms can effectively analyze web link

. Web Link . e . .
Korkmaz, Sahingoz et al. Analysis structures and identify influential websites or

2020, Wang and Yu 2021,
Xu, Liu et al. 2021

pages.

Yuan, Chen et al. 2018,
Serafini and Reid 2019,
Dutta 2021, Kiesel, Meyer

Web Content

Al can automate the analysis of web content,
extracting relevant information and identifying

et al. 2021, Maulud, | Analysis trends or patterns

Zeebaree et al. 2021, Jalil, '

Usman et al. 2023

Balaji, Annavarapu et al. Al can enhance the accuracy and efficiency of

2021, Amjad, Younas et al. data collection and analysis in webometrics. To

2022, Grover, Kar et al. social Media assess the use of Al in web impact assessment.

2022, Wu, Dodoo et al. Analysis Al-based  metrics can  provide  more

2022 comprehensive and accurate measures of web
impact, considering various factors beyond
traditional link counts.

Thomas and Mathur 20109, Al-based metrics can  provide  more

Barclay, Taylor et al. 2021, | Web Impact comprehensive and accurate measures of web

Xu, Liu etal. 2021 Analysis impact, considering various factors beyond
traditional link counts.

Ceptureanu, Cerqueti et al. Al algorithms can analyze web usage data to

2021, Zhang, Lu et al. 2021 | Recommender understand user behavior, preferences, and

Systems trends, aiding in the improvement of web

design and user experience.

Al techniques, such as natural language processing and machine learning, can be employed

to analyze the content of webpages and scientific publications available online [40, 41]. This

enables researchers to extract key information, such as keywords, topics, and sentiments, from
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web-based documents, facilitating comprehensive analysis and understanding of research
outputs.

Al can analyze social media platforms, such as Twitter, to understand the online discussions,
trends, and interactions related to scientific research [36, 38, 44]. By analyzing hashtags,
mentions, and user behavior, Al algorithms can identify influential research topics, key opinion
leaders, and potential collaborations within the online scientific community, as demonstrated in
such previous works.

Al can assess the impact and visibility of scientific research on the web [37, 46]. Indeed, by
analyzing web traffic, page views, and social media metrics, Al algorithms can provide insights
into the online visibility, dissemination, and engagement of scientific publications, authors, and
research institutions.

“Finally”, Al-powered recommender systems can assist researchers in discovering relevant
scientific websites, online resources, and research collaborations [35, 45]. These papers, based
on user preferences, reading behavior, and web usage data, show that personalized
recommendations can be generated using Al algorithms, making it easier for researchers to

explore the web-based scientific landscape and discover new opportunities for further research.

RQ 3: Al and bibliometrics
In bibliometrics, Al can provide several specific benefits including Automated Data Collection,
Citation Analysis, Author Disambiguation, Co-authorship Analysis, Research Impact Analysis,

Text Mining, and Recommender Systems (see Figure 4) as analyzed in [28-30, 47-53].
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Figure 4. Six specific benefits Al can provide to bibliometrics. Source: by the authors

These 6 studies demonstrate the potential benefits and strategies for utilizing Al capabilities in

bibliometrics. They highlight how Al can improve the quality, accessibility, and data collection

processes in bibliometrics analyses (Table 3), among the main outcome points.

Table 3. Studies Demonstrating the Usable Capacities of Artificial Intelligence for Bibliometrics

References

Findings

Main Points

Cox and Mazumdar , Donthu, Kumar et al.
2021, Rietz 2021, Caputo and Kargina
2022, Saeidnia, Kozak et al. 2023,
Soleymani, Saeidnia et al. 2023

Automated Data
Collection

Al can enhance the accuracy
and efficiency of data
collection and analysis in
bibliometrics.

Abrishami and Aliakbary 2019, Fazeli-
Varzaneh, Ghorbi et al. 2021, Nicholson,
Mordaunt et al. 2021, Caputo and Kargina
2022, Zhao and Feng 2022, Maghsoudi,
Shokouhyar et al. 2023

Citation Analysis

Al can analyze citation
patterns and identify
influential publications, aiding
in the evaluation of scholarly
impact.

Tekles and Bornmann 2020, Mihaljevi¢ and

Author

Al algorithms can accurately
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Santamaria 2021, Rehs 2021, Abramo and | Disambiguation | disambiguate author names,
D’Angelo 2023 improving the reliability of
bibliometric analyses.
Fonseca Bde, Sampaio et al. 2016, Al techniques can identify
Grodzinski, Grodzinski et al. 2021, Ullah, | Co-authorship patterns of co-authorship and
Shahid et al. 2022, Maghsoudi, Shokouhyar | Analysis analyze collaboration
et al. 2023 networks in bibliometrics.
Donthu, Kumar et al. 2021, Al-Jamimi, Al can predict the potential
BinMakhashen et al. 2022, Loan, Nasreen | Research Impact | impact of research articles,
et al. 2022 Analysis assisting in identifying
influential publications.
Mrowinski, Fronczak et al. 2017, Al algorithms can
Eisenstein 2019, Kang, Cai et al. 2020, automatically extract relevant
Mohammadzadeh, Ausloos et al. 2023, Text Mining keywords  from  scholarly
Saeidnia and Lund 2023 articles, improving
information  retrieval and
analysis.

It has been shown that Al algorithms can automatically collect bibliographic data from
various sources, such as online databases, academic libraries, and digital repositories [21, 49].
This saves time and effort for researchers involved in data collection, allowing them to focus on
other aspects of bibliometric analysis.

Thought-provokingly, Al can analyze citation networks to identify influential papers,
authors, and journals [28, 31], - as already mentioned in the section “Al and Scientometrics”. By
examining citation patterns and relationships, Al algorithms can help researchers understand the
impact and visibility of research outputs, as well as identify key research trends and
collaborations.

Interestingly, Al techniques can be employed to disambiguate authors with similar names, a
common issue in bibliometrics [47, 53]. By analyzing author affiliations, publication history, and
co-authorship networks, in order to ensure the accuracy of bibliometric analyses, Al algorithms
can effectively identify authors with similar names and distinguish them from one another.

As also already mentioned in the section “Al and Scientometrics”, through Al one can
analyze co-authorship networks to identify collaborations and research networks [28, 30]. By

examining co-authorship patterns and relationships, Al algorithms can help researchers
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understand the dynamics and structure of collaborations, as well as identify influential
researchers and research teams. This can also be an advantage at funding time.

Easily, Al can analyze bibliometric indicators, such as citation counts and h-index, to assess
the impact and visibility of individual researchers, research groups, and institutions [21, 48, 52].
In so doing, Al algorithms can provide insights into research productivity, citation patterns, and
research impact over time, assisting researchers and institutions in assessing research fame or
performance.

Last but not least, Al techniques, including natural language processing, can be utilized to
analyze the textual content of research publications [50, 51]. In this manner, keywords, topics,
and sentiments can be extracted from the literature, - also mentioning plagiarism control [54, 55],

thereby facilitating comprehensive analysis and understanding of research findings [56].
Discussion

The above hopefully rather complete, at least extensive, literature survey allows a critical
assessment of the state of Al in informatics science.

First, the findings in Table 1 have significant implications for scientometrics. They highlight
the potential benefits and strategies for utilizing artificial intelligence (Al) capabilities in
scientometrics analyses. The mentioned studies clearly demonstrate that Al can enhance the
accuracy and efficiency of data collection and analysis in scientometrics [21, 22, 32, 33]. By
automating various tasks, Al algorithms can reduce human errors and biases, ensuring more
reliable and consistent results. This enhanced accuracy and efficiency save time and resources,
allowing researchers to focus on high-level analyses and interpretations.

Al-based citation analysis methods, author disambiguation techniques, and predictive models
showcased in the mentioned studies provide researchers with powerful tools for improving data
collection and analysis in scientometrics [22, 24, 31, 34]. Al algorithms can effectively identify
citation patterns, analyze the impact of scientific publications, and predict research trends. These
capabilities enable researchers to gain deeper insights into the scientific landscape and make
informed decisions.

Traditional citation counts have limitations in measuring research impact. However, the
studies demonstrate that Al-based metrics can provide more comprehensive and accurate

measures of research impact [25, 29]. By considering various factors beyond citations, such as

18



social media mentions, downloads, and collaborations, Al algorithms can provide a more holistic
view of the impact of scientific publications.

Al techniques showcased in the studies can analyze scientific literature to identify emerging
research areas and patterns of scientific collaborations [28, 30]. This enables researchers to stay
updated with the latest trends, discover new knowledge domains, and foster collaborations with
relevant stakeholders.

Al-based peer review systems, as highlighted in one of the studies, can enhance the
efficiency and objectivity of the peer review process [27, 57]. By automating parts of the review
process, Al can ensure the publication of high-quality research, reduce biases, and provide faster
feedback to authors. This improves the overall quality of scientometrics analyses and accelerates
the dissemination of scientific knowledge.

Another study demonstrates that Al can assist in detecting instances of scientific misconduct,
such as plagiarism and data fabrication [55]. By analyzing large volumes of data and comparing
it against established standards, Al algorithms can identify potential cases of misconduct,
ensuring the integrity of scientometrics analyses [17, 54, 55].

In summary, the findings in Table 1 demonstrate that Al has the potential to revolutionize
techniques and approaches of scientometrics. Al capabilities improve the accuracy, efficiency,
and reliability of data collection, analysis, and assessment of research impact. They enable the
identification of emerging research areas, collaboration networks, and instances of scientific
misconduct. Ultimately, these findings contribute to the advancement of scientometrics research,
improving the quality, accessibility, and overall understanding of the scientific landscape.

Table 2 presents studies that demonstrate the potential benefits and strategies for utilizing
artificial intelligence (Al) capabilities in webometrics [9, 36-44, 46, 58-66]. The findings in this
table have significant implications for webometrics, as they highlight how Al can enhance
various aspects of the field.

Indeed, the studies mentioned in Table 2 showcase that Al can improve data collection and
analysis in webometrics, and how. In particular, Al algorithms can automate the process of
gathering web data, such as web links, page content, and user behavior. This automation not only
saves time and effort but also ensures the collection of larger and more diverse datasets, leading

to more comprehensive webometric analyses.
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Al techniques, such as machine learning and network analysis, are employed in the studies to
improve web link analysis in webometrics [9, 43]. These techniques enable researchers to
identify influential websites, web pages, and online communities [42, 59]. Al algorithms can
analyze the structure and dynamics of web links, providing insights into the connectivity and
impact of web resources [39, 42, 58, 59].

Al algorithms can analyze web content to extract relevant information and identify trends in
webometrics [41, 62, 64, 65]. Natural language processing (NLP) techniques can be employed to
automatically extract keywords, topics, and sentiments from web pages [40, 41, 62-65]. This
automated analysis enhances the efficiency and accuracy of webometric studies, enabling
researchers to gain insights into web-based information dissemination and trends [40, 41].

Al-based metrics and algorithms can provide advanced web impact assessment in
webometrics [46, 60]. Beyond traditional link counts, Al algorithms can consider factors such as
user behavior, social media mentions, and content engagement to measure the impact of web
resources [37, 46, 60]. This comprehensive assessment helps researchers and organizations
understand the reach and influence of web content [37, 46].

Web usage mining refers to the analysis of user behavior on the web. Al techniques, such as
machine learning and data mining, can be employed to analyze user interactions, navigation
paths, and preferences on websites. This analysis helps researchers understand user behavior
patterns, improve web design, and enhance user experience.

Al algorithms can improve the efficiency and effectiveness of web crawling and data
extraction in webometrics. These algorithms can automatically navigate through web pages,
extract relevant data, and filter out irrelevant or duplicate information. This automation
streamlines the data collection process, enabling researchers to analyze larger volumes of web
data.

In a nutshell, let it be mentioned that the findings in Table 2 demonstrate that Al has the
potential to significantly enhance webometrics. By improving data collection, web link analysis,
content analysis, impact assessment, web usage mining, and data extraction, Al algorithms
empower researchers to conduct more comprehensive and accurate webometric analyses. These
advancements contribute to a deeper understanding of web-based information dissemination,

user behavior, and the impact of web resources.

20



Thirdly, Table 3 presents studies that demonstrate the potential benefits and strategies for
utilizing artificial intelligence (Al) capabilities in bibliometrics [21, 22, 24, 28, 30-34, 47-51, 53-
56, 67-72]. The findings in this table have significant implications for bibliometrics, as they
highlight how Al can enhance various aspects of the field.

Al algorithms can improve publication analysis in bibliometrics [21, 22, 32, 33, 67]. By
automatically extracting metadata from scientific publications, such as author names, affiliations,
citations, and keywords, Al techniques can streamline the data collection process and improve
accuracy [21, 22, 32, 33, 49, 67]. This automation allows researchers to analyze larger volumes
of publications, facilitating comprehensive bibliometric analyses [21, 22, 32, 33, 67].

Al techniques can enhance citation analysis in bibliometrics. Al algorithms can automatically
identify and analyze citation patterns, such as co-citation and bibliographic coupling [22, 24, 28,
31, 34, 68]. These algorithms can also identify citation networks and clusters, providing insights
into the relationships among scientific publications [22, 24, 28, 31, 34, 68]. This analysis helps
researchers understand the influence and impact of scholarly work [24, 31, 34].

Al algorithms can aid in author disambiguation, a critical task in bibliometrics [28, 30, 70-
72]. By analyzing various factors, such as author names, affiliations, and publication history, Al
techniques can accurately identify and disambiguate authors with similar names [30, 72]. This
disambiguation ensures accurate attribution of scholarly work and improves the reliability of
bibliometric analyses [28, 30, 71, 72].

Al techniques, such as machine learning and data mining, can be employed to develop
predictive models in bibliometrics [50, 51, 55, 56]. These models can forecast future publication
trends, identify emerging research areas, and predict research impact [50, 51, 54, 55]. By
analyzing patterns and relationships in large bibliographic datasets, Al algorithms can provide
valuable insights into the future direction of scientific research [54-56].

Al algorithms can analyze collaboration networks among researchers in bibliometrics. By
analyzing co-authorship patterns, affiliations, and research collaborations, Al techniques can
identify influential researchers, research groups, and institutions. This analysis not only helps
researchers understand the dynamics of collaboration but should be expected to foster
interdisciplinary research, beside more usual links.

Al techniques can enhance research evaluation in bibliometrics. By considering various

factors beyond traditional citation counts, such as social media mentions, downloads, and media
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coverage, Al algorithms can provide more comprehensive metrics for evaluating research
impact. This comprehensive evaluation helps researchers, institutions, and funding agencies
make informed decisions and allocate resources effectively.

Furthermore, improved or specifically written Al algorithms can assist in detecting instances
of scientific misconduct, and prove plagiarism and data fabrication.

Concisely, the findings in Table 3 demonstrate that Al has the potential to significantly
enhance bibliometrics. By improving publication analysis, citation analysis, author
disambiguation, predictive models, collaboration analysis, and research evaluation, Al
algorithms empower researchers to conduct more comprehensive and accurate bibliometric
analyses. These advancements contribute to a deeper understanding of scholarly communication,

research impact, and collaboration dynamics in the scientific community.

RQ 4: Future of Scientometrics, Webometrics, and Bibliometrics with Al

From the above, one can imagine if not research gaps, at least directions for further progress.
Artificial intelligence (Al) has the potential to significantly benefit all three fields -
scientometrics, webometrics, and bibliometrics. However, the extent to which Al can perform
and its future implications may vary in each field.

It has been shown here above that Al can greatly enhance scientometrics by improving data
collection and analysis, text mining and information retrieval, identification of emerging research
trends, visualization techniques, research evaluation, and collaboration and networking. The use
of Al algorithms can automate processes, increase efficiency, and provide deeper insights into
scientific literature [21-31]. The future of scientometrics with Al is likely to involve more
advanced Al algorithms, improved integration of various data sources, and increased automation,
leading to more accurate and comprehensive analyses.

Al can play a significant role in webometrics by improving data collection and analysis, web
link analysis, web content analysis, web impact assessment, web usage mining, and efficient web
crawling and data extraction [9, 10, 21, 36-41, 43-45]. Al techniques can help extract valuable
information from the web, analyze user behavior, and assess the impact of web resources [9, 36-
45]. The future of webometrics with Al may involve advancements in Al algorithms for web
data analysis, better understanding of user behavior, and improved techniques for web impact

assessment.
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Al can enhance bibliometrics by improving publication analysis, citation analysis, author
disambiguation, predictive models, collaboration analysis, and research evaluation. Al
algorithms can automate processes, provide accurate citation analysis, and develop predictive
models for future research trends [28-30, 47-53]. The future of bibliometrics with Al may
involve more advanced techniques for author disambiguation, improved prediction models,
integration of alternative metrics, and better evaluation of research impact beyond traditional
citation counts.

In terms of which field Al can perform the most, it is difficult to determine a clear winner. Al
has the potential to significantly benefit all three fields and can perform exceptionally well in
each, depending on the specific applications and techniques employed. The effectiveness of Al
in each field will also depend on the availability and quality of data, the complexity of the
analysis required, and the specific research questions being addressed.

The future of these three areas with Al is promising. As Al technologies continue to advance,
we can expect more sophisticated algorithms, improved integration of various data sources, and
enhanced automation and efficiency in scientometrics, webometrics, and bibliometrics. The use
of Al will likely lead to more accurate and comprehensive analyses, better understanding of
research trends and impact, and improved decision-making processes in academia, research

institutions, and funding agencies.

RQ 5: Ethical Considerations of Scientometrics, Webometrics, and Bibliometrics with Al
Beside positive aspects so outlined, nevertheless, the use of artificial intelligence (Al) in
scientometrics, webometrics, and bibliometrics raises important ethical considerations that
should be carefully addressed.

Al algorithms often require access to large amounts of data, including personal and sensitive
information [73]. It is crucial to ensure that proper data protection measures are in place to
safeguard privacy and prevent unauthorized access [74]. Data anonymization and encryption
techniques should be employed, and compliance with relevant data protection regulations should
be followed [75].

Al algorithms can be prone willingly or inadvertently, to bias, whence can result in unfair or
discriminatory outcomes [17, 76]. It is important to ensure that Al models are trained on diverse

and representative datasets to avoid perpetuating existing biases [77]. Regular monitoring and
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auditing of Al systems should be conducted to identify and address any biases that may arise
[78].

Sometimes, Al algorithms can be complex and opaque, making it difficult to understand how
they arrive at their decisions [79]. Thus, it is important to promote transparency and
explainability in Al models used in scientometrics, webometrics, and bibliometrics. Researchers
and users should have access to information about the data used, the algorithms employed, and
the decision-making processes of the Al systems [76, 79].

As Al systems become more autonomous, it is essential to establish clear lines of
accountability and responsibility [80]. Developers, researchers, and users should be aware of
their roles and responsibilities in ensuring the responsible and ethical use of Al in these fields.
This includes addressing any potential biases, errors, or unintended consequences that may arise
from the use of Al.

In cases where personal data is involved, obtaining informed consent from individuals is
crucial [78]. Researchers and organizations should have robust consent management processes in
place to ensure that individuals understand how their data will be used and have the ability to
provide or withdraw consent.

Furthermore, the use of Al in scientometrics, webometrics, and bibliometrics may have
implications for employment and society as a whole. It is important to consider the potential
impact on jobs, the distribution of resources, and the broader societal implications. Measures
should be taken to mitigate any negative effects and ensure a fair and equitable transition.
Regular monitoring and evaluation of Al systems should be conducted to assess their
performance, identify any biases or ethical concerns, and make necessary improvements. This
ongoing monitoring and evaluation process should involve interdisciplinary collaboration and
engagement with stakeholders.

Addressing these ethical considerations requires a multidisciplinary approach involving
researchers, policymakers, ethicists, and stakeholders from various fields. Open dialogue,
transparency, and ongoing evaluation are essential to ensure that Al is used responsibly and

ethically in scientometrics, webometrics, and bibliometrics.

Conclusion
In this report, we emphasizes the importance and potential of integrating Al algorithms with

scientometrics, webometrics, and bibliometrics, through numerous examples in the literature.
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The paradigm shift undergone by Al algorithms in these fields has been shown to have revealed
new possibilities for analysis, prediction, and pattern mining-based recommendations. Within
this review, the paper contributes to underscoring the prominent prospects and value of
integrating Al in scientometrics, webometrics, and bibliometrics, i.e., to signify the synergy that
can be achieved and fostered through this integration.

In brief, Al helps scientometrics by providing efficient and accurate methods to analyze and
derive insights from scientific publications, citation networks, and collaborative relationships.
This should enable researchers to gain a deeper understanding of scientific knowledge, trends,
and impact, facilitating better decision-making and advances in scientific research. Moreover, Al
enhances webometrics by providing efficient and automated methods to analyze web-based
scientific data, understand link structures and social interactions, assess web impact, and provide
personalized recommendations. This enables researchers to gain insights into the web-based
scientific ecosystem, facilitate collaborations, and improve research visibility and impact in the
digital age. In addition, Al enhances the bibliometrics field of activities by automating data
collection, providing accurate author disambiguation, analyzing citation networks, assessing
research impact, and providing personalized recommendations. This enables researchers to gain
insights into scholarly communication, assess research performance, and make informed
decisions in their bibliometric analyses. Overall, Al presents an efficient and scalable approach
to scientometrics, webometrics, and bibliometrics, enabling researchers to extract meaningful
insights from vast and diverse sources of scientific information.

In conclusion, the integration of artificial intelligence (Al) into scientometrics, webometrics,
and bibliometrics holds significant potential for advancing research and understanding in these
fields. Al can enhance data collection, analysis, prediction, and evaluation processes, providing
researchers with valuable insights and improving decision-making processes.

However, the use of Al in these areas also raises important ethical considerations that must
be carefully addressed. Data privacy and security, bias, and fairness, transparency and
explainability, accountability and responsibility, informed consent, impact on employment and
society, and continuous monitoring and evaluation are among the key ethical considerations that
should be taken into account. To ensure the responsible and ethical use of Al, interdisciplinary
collaboration, stakeholder engagement, and ongoing evaluation are crucial. Researchers,

policymakers, ethicists, and stakeholders from various fields should work together to develop
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guidelines, frameworks, and best practices that promote ethical Al use in scientometrics,
webometrics, and bibliometrics. By addressing these ethical considerations, we can harness the
full potential of Al to advance knowledge, improve research practices, and contribute to the
betterment of society while ensuring fairness, transparency, and accountability in the use of these

technologies.

Limitations
In this particular study, we did not include the gray literature in our search and review process,
nor did we manually search in Google Scholar. Instead, our intention was to focus on searching
in reliable databases. While Google Scholar is often referred to as a database, it is actually a
search engine that may not include high-quality articles and may only retrieve reliable studies.
By not searching in Google Scholar, we aimed to minimize the number of overlapping studies.
However, it is important to note that this highly technical approach may have resulted in
overlooking certain articles, which could regretfully lead to our study excluding relevant
information. We consider that up to the time of writing and submitting this paper, we safeguard
against much omission. Yet, for future studies, it may be beneficial to conduct a comprehensive

review that includes the gray literature, in order to provide readers with a broader perspective.
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