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Abstract

The academic landscape has witnessed significant transformations in recent years,
primarily attributed to advancements in IT tools, which have advantages and draw-
backs in the world of publications. The transition from traditional university library
searches to the digital era, with access to various information sources such as Pub-
med, Scopus, Web of Science and Google Scholar, has revolutionized research
practices. Thanks to technology, researchers, academics and students now enjoy
rapid and vast information access, facilitating quicker manuscript preparation and
boosting bibliometric parameters. To identify authors “self-distorted” bibliometric
parameters, different indices following the Hirsch index (h-index) (based on cita-
tions) have been proposed. The new “fi-score” evaluates the reliability of citation
counts for individual authors and validates the accuracy of their h-index, compar-
ing the number of citations to the h-index value to highlight value that is not within
the norm and probably influenced or distorted by authors themselves. It examines
how authors’ citations impact their h-index, although they are not self-citing. The
study calculated the fi-score on a sample of 194,983 researchers. It shows that the
average value of the fi-score is 25.03 and that a maximum value admissible as good
must not exceed 32. The fi-score complements existing indexes, shedding light on
the actual scientific impact of researchers. In conclusion, bibliometric parameters
have evolved significantly, offering valuable insights into researchers’ contributions.
The fi-score emerges as a promising new metric, providing a more comprehensive
and unbiased evaluation of scholarly impact. By accounting for the influence of cita-
tions and self-citations, the fi-score addresses the limitations of traditional indices,
empowering academic communities to recognize better and acknowledge individual
contributions.
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Introduction

Bibliometric fields in academia primarily focus on the quantitative analysis of aca-
demic publications, authors and journals. They involve metrics like citation counts,
h-indices and impact factors to assess research impact and productivity. The Hirsch
index (h-index) gauges an author’s impact based on their publications and how often
those works are cited. The impact factor measures a journal’s influence by averaging
the citations its articles receive in a set time.

Non-bibliometric fields in academia encompass various academic disciplines
where quantitative analysis of publications is not the primary focus. These fields
include humanities, law, social sciences, natural sciences and engineering [16].
Instead of focusing on bibliometric parameters, they emphasize qualitative analysis,
experimentation and theory development to advance knowledge [16], especially in
areas where research’s qualitative and theoretical aspects hold greater significance.

It has never been so simple to write a manuscript or produce a scientific paper,
even with low-quality content, but to increase one’s bibliographic history [18]. It
would therefore be inherently wrong to assume that the publications of two people
with comparable h-indexes had the same scientific impact in a given discipline. It
is necessary to give importance to the position occupied in the list of authors. The
h-index is a metric used to evaluate the impact and productivity of a researcher’s or
scientist’s work. It is the highest number of “h” of a researcher’s papers cited at least
“h” times. In other words, an h-index of “h” means that a researcher has “h” papers,
each of which has been cited at least “h” times. The h-index provides a quantitative
measure of the quality and quantity of a researcher’s contributions to their field, with
higher values indicating more significant impact and productivity. In bibliometric
fields of study, an author can have a high h-index by being part of a very productive
research group that always gives a good but not particularly relevant or substantial
contribution. In recent years, there has been an actual challenge towards achiev-
ing ever higher and more performing bibliometric parameters (citations numbers,
h-index, etc.), so as to be suitable and strong in one’s scientific disciplinary group:
from the different university applications, to editorial roles in scientific journals, that
require even more competitive parameters based on h-index [14]. Thanks to what
has been said before, it is easy to understand how much it is possible to influence
these parameters to give a boost to one’s bibliometric parameters, either by cross-
referencing with aggregated or even “unknown” authors (being careful not to create
mutual publications) or again through the peer-review system where the request for
references, by peer reviewers, has now become a must [7, 24, 25].

The academic world has undergone substantial changes in recent years. This is
undoubtedly linked to the new IT tools that help researchers, and have both advan-
tages and a disadvantage for the academic world. In the past, the research was car-
ried out in university libraries. If necessary, contacts were made between universi-
ties or between different states, perhaps to have known that a particular university
library had a valuable text for the research. This involved an incredible lengthening
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of time, not to mention the drafting of the manuscript, the revision and re-reading,
before being “analogically” (ordinary mail, floppy disks, CD-ROMs) presented to
the scientific journal for submission [1]. The computerization of research, with the
different information sources (among the major: Pubmed, Scopus, Web of Science
and Google Scholar), has allowed incredible and rapid access to information for aca-
demics, researchers, students and non-students. This is with the ultimate aim of also
being able to draft the manuscripts more quickly and spread knowledge [2, 5].

Numerous computer tools were subsequently added to this, which made it pos-
sible to correct, summarize and cite references in an automated and rapid way to
make the job even more accessible. Today, all of this is using chatbots and artificial
intelligence. It is understood that these tools can currently be helpful for the crea-
tion of only some types of manuscripts and cannot carry out clinical studies of any
kind, which, over time, will become the most respected types of manuscripts in the
academic world [6].

This manuscript is intended to illustrate a new method for assessing the reliability
of the citation count of a particular author while still evaluating the integrity of his
h-index: the fi-score.

Materials and Methods

First of all, in this section, the indices and parameters needed to calculate the fi-
score will be evaluated. The h-index is one of these indices, probably the most sig-
nificant because it measures the scientific impact of researchers in bibliometrics
fields through the citations that their manuscripts receive from other researchers.
This value is used to weight a researcher’s career. The citations received by each
publication are considered to calculate this index. For example, having an h-index
equal to 50 means having 50 publications cited at least 50 times each. This calcula-
tion resulted in a simple way to measure the specific scientific contribution of the
researcher [17]. The total citation number of a researcher, instead, represents the
other parameter that must be considered for calculating the fi-score.

To evaluate the average value of the fi-score, a sample of 194,983 worldwide
researchers has been examined up to 2021. Researchers have been selected by an
existing database annually published by Stanford University regarding the World’s
top 2% scientists ranking of 22 scientific fields and 174 subfields according to the
standard Science-Metrix classification [19].

Results
The fi-score corresponds to a simple calculation, after what has been said above:
h — index?

Fi-score = ————— x 100
total citations
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The aim is to identify how much an author has influenced their h-index with
citations. This purpose is shared with the previously published fi-index [12]; it
gives us objective information on how much the h-index of a particular author has
been influenced by their self-citations. But, unlike the latter, the fi-score analyzes
the citations and considers the data independently of the self-citations since the
author could have a network of collateral researchers who can increase their cita-
tions in a targeted way. This index could be used to evaluate researchers during
application procedures. The calculation of the fi-score is straightforward and intu-
itive. Successfully normalizing the value and identifying the universally accept-
able value were the key challenges. Moreover, it was crucial to determine the
threshold values that must not be exceeded under any circumstances.

To do this, an existing database of global researchers was used, published and
with raw data available in the form of spreadsheets [19]. At this point, the data of
interest was collected—in this case, h-index—and total citations recognized with
the names “h21” and “nc9621,” respectively (including self-citations) (Fig. 1).
This data was selected individually to create other spreadsheets, and then the fi-
score was calculated for 194,983 different researchers on the list. Some of the
statistical values of interest are shown below in Table 1.

1 nc9621 h21 fi-score

2 333.175 299 26,8330457
3 343.152 264 20,3105329
4 399.386 258 16,6665832
5 237.038 248 25,9468946
6 271.648 244 21,916598
7 209.040 243 28,2477038
8 267.236 241 21,733973
9 237.426 240 24,2601905
10 225.765 236 24,6699001
11! 202.425 234 27,0500185
12 241.346 233 22,4942614
13 271.683 233 19,9824796
14 442.562 232 12,1619118
15 198.396 231 26,8962076

Fig. 1 Screenshot of Microsoft Excel® used spreadsheet. Calculation derived from the top-ranking
researchers’ published list. First column: author number (anonymized), Nc9621: total citations from
1996 to 2021; h21: h-index up to 2021; fi-score: fi-score calculation
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Table 1 Main statistical data Researchers’ sample number Average Standard deviation

194,983 25,031416 6,84,622,183

0.07
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0.03
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0.01

0
0 10 20 30 40 50 60 70

Fig.2 Scatter plot with Gaussian curve about performed fi-score on the sample

Table2 A particular case of

Total citation h-index Fi-score
nonsense fi-score

1 1 100

Subsequently, using Microsoft Excel® software, the normal distribution of
the values was calculated with a Gaussian curve, and a scatter plot of the values
obtained was created (Fig. 2).

As can be seen from Fig. 2, it is intuitive that obtaining values that exceed the
average fi-score value of 25.03 means that, in some way, the author was able to
influence their number of citations. Considering the standard deviation obtained, a
maximum admissible value is 31.87763783, rounded to 32. We do not worry about
the lowest admissible value as this gives a favourable judgment to the researcher,
always considering that having an h-index of at least 1, the fi-score cannot be O.
Below is a report of an absurd case justified by a lack of research history (Table 2).
It reports an high fi-score despite lack of citations and manuscripts. This is the main
limitation of this index, due to mathematical properties.

Discussion

Bibliometric indicators are used in the context of scientometric analysis to analyze
the diffusion models of scientific publications and to evaluate their impact on scien-
tific communities. They are indices that are developed by applying mathematical and
statistical techniques. In addition to the analysis of scientific information distribution
models, they are used in research evaluation processes. Bibliometric parameters,
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including citation counts, h-index and impact factors, are essential tools for evaluat-
ing academic research. They help assess the impact of individual researchers, the
quality of journals and the performance of academic institutions. Researchers use
these metrics to gauge the significance of their work, while journal rankings influ-
ence manuscript submission choices. These parameters have become integral to the
academic landscape, guiding decisions related to career progressions, publication
selections and research fundings. Bibliometric parameters have been published to
“normalize” the scientific production of a researcher as much as possible, and make
it comparable; the most widely used being the h-index. To address this comparison,
various indices have been proposed over the years:

g-index by Egghe et al. [11]
a-index by Jin et al. [20]
h(2)-index by Kosmulski et al. [23]
hg-index by Alonso et al. [4]
q(2)-index by Cabrerizo et al. [10]
r-index by Jin et al. [21]

ar -index by Jin et al. [21]

f-index by Franceschini et al. [15]
f-index by Katsaros et al. [22]
fi-index by Fiorillo [12, 13]
ch-index by Ajiferuke et al. [3]
m-index by Bornmann et al. [8]
v-index by Riikonen et al. [26]
b-index by Brown [9].

The fi-score in fact aims to develop a corrective factor as a new index. It should
be assumed that the length of a researcher’s career significantly influences the fi-
score as the number of citations tends to increase over time. Moreover, the presence
of self-citations can alter the h-index.

Let us briefly examine some of the alternative indices proposed. The g-index
measures the quality of a researcher by considering the performance of their best
articles. The a-index includes only manuscripts within a researcher’s h-index, aver-
aging their citations. The h(2)-index gives more weight to highly cited works. For
example, an h(2)-index of 10 means the author has at least ten works with 100 cita-
tions each. The hg-index combines “h” and “g” indices to penalize authors with
low h-indices, reducing the influence of a few highly cited works compared to the
rest of their production. The q(2)-index is based on two indices, offering a com-
prehensive view of a researcher’s production. The r-index is a modification of the
a-index, proposing to take the square root of the sum of citations used for calcu-
lating the h-index, rather than dividing by the number of h-indices. The ar-index
“completes the h-index” by considering citation intensity and the age of publications
used to calculate the h-index [21]. Moreover, the “m” quotient proposes accounting
for time by dividing the h-index by the number of years since the first publication.
The first f-index relates the h-index to the publication age. Other indices include the
m-index, calculating the average citations received from articles considered for the
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h-index; the v-index, representing the percentage of articles useful for the h-index
calculation; and the e-index, considering excess citations not accounted for in the
h-index. Additionally, the f-index considers coterminal citations, extending co-cita-
tions to distinguish individuals in papers citing other papers. The ch-index evaluates
the number of citers rather than citations. Lastly, the b-index assesses self-citations
but not the actual number; instead, it considers the self-citation rate constant in an
author’s publications. Returning to the fi-score, it is obvious to think how to obtain a
high h-index value with the minimum possible number of citations is a “good” and
easy thing for a researcher. A researcher with a high h-index and a low number of
citations should cast some doubts even if they are not self-citations.

As already mentioned, there are different ways to be able to have one’s works
cited, whether they are valid or not. If the citations number are noticeably low, it
should raise an immediate concern, especially in case of a high h-index, and of short
careers [3, 4, 9-11, 15, 17, 20-23, 26]. A researcher who is part of an important
research team can make their indices increase quickly, mainly if they deal with a
debated topic, which is why everything should be evaluated sectorally. However, the
study considered many researchers worldwide who deal with different sectors, so the
value should be mostly reliable. Having calculated the score for a sample of around
200,000 researchers, and showing an intuitive potential, it would be interesting to
use this score in competition between peers in the academic field.

Limitations

While the fi-score presents a promising new approach to assess the reliability of
citations and evaluate the influence on the h-index, it is essential to acknowledge
certain limitations in this study:

e Sample size: The study might have been conducted on a sample of researchers,
which may only partially represent part of the academic community. A more
extensive and diverse dataset would be necessary to validate the findings and
make broader conclusions.

e Field-specific variations: The fi-score might perform differently across vari-
ous research fields. Different disciplines have unique citation patterns, and the
influence of citations on the h-index could vary significantly. Additional studies
should explore the applicability of the fi-score in other academic domains.

e Inclusion of self-citations: The study excluded self-citations from the fi-score
calculation. While this addresses potential biases related to self-promotion,
it may overlook the legitimate impact of self-cited work. Future studies could
investigate the optimal approach to handle self-citations in bibliometric analyses.

e Temporal analysis: The current study did not consider the temporal evolution of
citations and their impact on the h-index over time. Understanding how citations
change over a researcher’s career may provide deeper insights into the dynamics
of academic impact.

e Potential citation manipulation: The fi-score may not account for cases where
researchers artificially manipulate citations or engage in unethical practices to
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increase their h-index. Robust measures to detect and prevent such manipulations
should be developed.

e Correlation with research quality: The study focused on quantifying citations
and their influence on the h-index, but it did not directly measure the quality or
impact of the research itself. Future research should investigate the relationship
between citation metrics and the actual scientific value of the publications.

e Comparison with existing indices: The fi-score was introduced as a new
approach, but it has yet to be compared comprehensively with other established
bibliometric indices. A comparative analysis with existing metrics would help
assess the advantages and limitations of the fi-score.

e Subjectivity in author contributions: Bibliometric indices, including the h-index,
often fail to capture the nuances of author contributions within a publication.
These metrics may not accurately represent collaborative research and shared
authorships.

e Causal inference: The study focused on the correlation between citations and the
h-index but did not establish causal relationships. Determining whether a high
h-index leads to more citations or vice versa remains challenging. The sample
has been obtained by 2% of top-ranked researchers worldwide, so the average
value of the fi-score could be influenced.

Conclusion

The proposed fi-score opens the door to a more comprehensive evaluation of
researchers and their contributions. It provides a more equitable basis for academic
evaluations, funding decisions and editorial roles in scientific journals. Moreover,
future perspectives may involve further advancements in artificial intelligence and
machine learning algorithms, allowing for a more sophisticated and nuanced analy-
sis of research contributions. This could lead to the development of personalized
metrics that consider the uniqueness of different research fields and the diversity
of academic career trajectories. However, it is essential to be cautious in pursuing
bibliometric parameters. The focus should remain on fostering genuine and impact-
ful research rather than engaging in practices solely aimed at artificially boosting
these metrics. Encouraging collaboration, cross-disciplinary research, and qual-
ity over quantity will be crucial in shaping the future of academic evaluation and
recognition.

Funding Open access funding provided by Universita degli Studi della Campania Luigi Vanvitelli within
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