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ABSTRACT

The increase in the number of authors per article is a well-documented phenomenon across various academic disciplines. While
prior studies have examined this trend in specific fields and countries, they in most cases did not compare the increase in the
number of authors between countries. While it has previously shown that the number of authors in neuroscience publications
has risen in the G10 countries, no study has yet addressed whether it reflects a global trend in the field. To address this gap,
we quantified the global trend in the number of authors in neuroscience publications from 2001 to 2022. Our findings reveal a
consistent increase in authorship across nearly all the countries examined. Italy ranks highest in terms of average authorship
per article, while Ukraine ranks the lowest. On the other hand, China shows the largest increase in authorship over the years,
followed by Norway and Egypt. South Korea is the only country showing a slight decreasing trend rather than growth. These
results contribute to a better understanding of authorship patterns in neuroscience and can stimulate further investigations on
the reasons behind such an increase in terms of socio-economic factors, the need for collaborative efforts in some fields, or, on
the negative side, the effect of utilitarian reasons to meet career evaluation criteria.

1 | Introduction technology publications from 2000 to 2015, finding that the

global trend of author growth per paper is evident in Korea

The increase in the number of authors per paper has been
shown across various academic disciplines (Khan et al. 1999;
Papatheodorou et al. 2008; Fox et al. 2016). For instance,
Fernandes and Monteiro (2017) examined the evolution in
the number of authors of computer science publications,
considering over 200,000 article references over a 60-year
period, from 1954 to 2014. Their study found a consistent
increase in the average number of authors per paper across all
decades. Moreover, Jang et al. (2016) investigated the increase
in the number of authors per paper in Korean science and

as well.

However, there islimited literature addressing the increase in the
number of authors when considering differences between coun-
tries. Indeed, while other aspects such as citations, self-citations
(Baccini and Petrovich 2023) and the number of publications
has been investigated globally (Baccini and Petrovich 2023) and
reported on platforms like SCIMAGO (https://www.scimagojr.
com/), the global trend in the number of authors in neuroscience
remains almost unexplored.

Abbreviations: ANVUR, Agency for the Evaluation of the University and Research System; ESI, Essential Science Indicators; G10, Group of Ten; GDP, gross domestic product; ICMJE,
International Committee of Medical Journal Editors; PhD, doctor of philosophy; WoS, Web of Science.
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Understanding why the number of authors is increasing is
important, as this trend may reflect broader dynamics in the
academic and research field. For instance, increased author-
ship can signal greater collaboration, which is often required
to tackle the growing complexity of experimental methodolo-
gies and techniques in scientific fields (Abt 2007). In neurosci-
ence, for instance, research frequently relies on sophisticated
technologies and large-scale collaborations, such as neuroim-
aging studies, global brain mapping initiatives and developing
biologically based models of cognitive abilities. We believe that
these initiatives, which require diverse expertise and substan-
tial resources, are likely significant contributors to the rising
number of contributors per publication.

On the other hand, rising authorship numbers may also reflect
systemic pressures, such as the ‘Publish or Perish’ culture and ac-
ademic evaluation systems that prioritize metrics like h-indices
(Zerem 2017) and citation counts (Baccini and Petrovich 2023).
These systems may inadvertently encourage practices like hon-
orary authorship (Wislar et al. 2011), where individuals are in-
cluded as co-authors without significant contributions, raising
ethical concerns.

A first step was taken in our previous study (Paul et al. 2024),
where we analysed the rise in the number of authors in neuro-
science publications within the G10 countries. Here, we extend
our research by studying the global increase in the number of au-
thors in the field, aiming to better understand the collaborative
patterns in neuroscience across countries. We will also examine
the relationship between the number of authors in publications
and research fundings, international and between institution
collaborations and number of publications.

2 | Methods

We adopted a methodology analogous to our previous study on the
increasing number of authors in neuroscience (Paul et al. 2024).
The dataset for this analysis comprised all neuroscience publica-
tions from 2001 to 2022, sourced from 306 neuroscience journals
indexed in the Web of Science (WoS, www.webofscience.com).

In this study, we included only countries with a minimum of
450 total publications over the 2001-2022 period. This thresh-
old was selected for two reasons. First, we posited that a smaller
number of articles would not provide a reliable average number
of authors per article, as a limited dataset is more susceptible
to the influence of outliers. Second, many countries with fewer
than 450 articles displayed years with zero publications. By ap-
plying this threshold, we analysed 49 countries, encompassing a
total of 843,231 publications. The results from some of the coun-
tries have been already published in our previous article (Paul
et al. 2024) and are included for comparison.

Moreover, the number of authors per publication was anoma-
lously high in some cases, with some publications exceeding 400
authors. Possible explanations for this high number have been
already discussed in Paul et al. (2024). Following the methodol-
ogy of our previous article (Paul et al. 2024), we excluded publi-
cations with more than 40 authors.

2.1 | Data Analysis

As in our previous study on this topic, we used a MATLAB
script generated in that previous work to identify the country
name from the address of the corresponding author. The num-
ber of authors was determined by counting the semicolons (;) in
the author list and adding one, as the last author is followed by a
dot and not by a semicolon.

We then constructed a matrix containing the number of au-
thors per paper, the country of the corresponding author and
the year of publication. These data were used to calculate the
average number of authors per year from 2001 to 2022. To as-
sess changes in authorship patterns over time, we employed the
delta measure, comparing differences between two subperiods
(2001-2011 and 2012-2022).

To explore potential factors associated with the number of au-
thors, we analysed metrics related to international collabora-
tion, institutional affiliations and number of publications. The
number of international collaborations was determined by ex-
amining the addresses associated with the authors, identifying
distinct country names from a predefined list of recognized na-
tions and counting the number of unique countries involved. If
all affiliations were from the same country, the count of inter-
national collaborations was set to zero. Similarly, the number of
institutional affiliations was calculated by extracting the affilia-
tion strings provided for each author, splitting them into individ-
ual entries using semicolon delimiters, removing duplicates and
counting the unique institutions.

To investigate potential factors associated with authorship trends,
we also correlated the average number of authors per publication
with national research funding levels. Data on research funding
were sourced from the World Bank's DataBank, specifically the
‘Research and development expenditure (% of GDP)’ indicator.

To maintain methodological consistency, all correlation anal-
yses were restricted to data spanning 2001 to 2021. Data from
2022 were excluded because of the lack of World Bank's avail-
able funding information for that year. For the same reason,
Taiwan was omitted from the correlation analyses, as funding
data were not available.

To statistically test whether the number of authors differed signifi-
cantly between countries and across periods, we performed a two-
way mixed ANOVA (49 x 2), with Country as the between-subjects
factor and Sub-period as the within-subjects factor. Additionally,
Pearson correlation analyses were conducted to examine the rela-
tionships between the number of authors per publication and fac-
tors such as international collaborations, institutional affiliations,
number of publications and national research funding levels. All
statistical analyses were performed using both MATLAB R2021
(www.mathworks.com) and SPSS (https://www.ibm.com/spss).

3 | Results

Figure 1 provides a global overview of the average number of
authors per country in neuroscience.
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FIGURE1 | The average number of authors per country in the field of neuroscience. Only countries with a minimum of 450 published articles

were included in this analysis, while other countries are coloured in grey. The map was created using MapChart (https://www.mapchart.net/).

The figure shows that Italy has the highest average number of
authors, with 6.5 authors per article, followed by South Korea,
China, Serbia, Japan and Brazil, each with more than six au-
thors per article.

While Canada is the G10 country with the lowest number of
authors, as shown by Paul et al. (2024), we observed that other
countries, including nations like Egypt and Ukraine, have even
lower numbers.

To contextualize these national differences within a global
framework, we examined the continental trends in the number of
authors over the studied decades. Figure 2 presents this trend for
each continent (Africa, Oceania, Asia, America and Europe); this
figure is only for illustrative purposes as the detailed explanation
and statistical analysis are performed later. Figures S1-S5 pro-
vide detailed data for each of the 49 countries studied.

The ranking of the 49 countries is reported in detail in the
Supporting Information (Table S1), which also reports a quanti-
fication of the growing number of authors per publication calcu-
lated as a delta between the 2012-2022 and 2001-2011 decades.
The magnitude of this delta for each county is graphically repre-
sented in Figure 3.

A two-way mixed ANOVA revealed that the number of
publications was significantly influenced by both the
Country (F(48,490)=21.24, p<0.001) and Sub-period factor
(F(1,490)=1328.2, p<0.001), which highlights a significant
increase of the average number of authors in the 2011-2022

decade. Additionally, the interaction between the two factors
was statistically significant (F(48, 490)=3.21, p<0.001). China
shows the largest delta between the two subperiods, followed by
Norway and Egypt. South Korea is the only country showing a
slight decreasing trend rather than growth (Figure 2).

Newman-Keuls post-hoc comparisons between countries indicate
that the number of authors of the first-ranking countries (Italy,
South Korea, China, Serbia, Japan and Brazil) was significantly
higher than the rest of the countries (all ps <0.05), while it did not
differ between them (all ps>0.05). Similarly, the number of au-
thors of the lowest ranking (Romania, Thailand, New Zealand,
Russia, India, Slovenia, Egypt and Ukraine) differed significantly
from the rest of the countries (all ps < 0.05), while their values were
comparable (all ps>0.05). Country-by-country Newman-Keuls
post-hoc comparisons are presented in Figure S6.

3.1 | Factors Associated With the Increase in
Number of Authors

In addition to our primary analyses on the number of authors per
neuroscience publication, we conducted further correlations to ex-
plore factors potentially contributing to this increase. The Pearson
correlation coefficient was used to measure the strength and direc-
tion of these relationships (Figure 4); the full table of correlation
coefficients is included in the Supporting Information (Table S2).

These analyses aimed to identify patterns that might travel
alongside the growth in authorship numbers, providing insights
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FIGURE 2 | Trend of the average number of authors per article from 2001 to 2022 across different continents (Oceania, USA, Asia, Africa and
Europe). The lines represent the average number of authors for each continent, including only data from the 49 analysed nations.
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FIGURE 3 | Map displaying the delta values in the field of neuroscience, representing the change between these two subperiods (2001-2011;
2012-2022), for each country. Only countries with a minimum of 450 published articles were included in this analysis, whereas the other countries
are coloured in grey. The map was created using MapChart (https://www.mapchart.net/).

into possible drivers of this phenomenon. The results revealed
a strong positive correlation between the number of authors
and both international collaborations and institutional affilia-
tions in most countries. For instance, in the United Kingdom,
the correlation between authorship and international collab-
oration was particularly high (r=0.99), and similarly strong

correlations were also observed for institutional affiliations
(r=0.98). Similarly, in China, both international collaborations
(r=0.85) and institutional affiliations (r=0.84) exhibited strong
correlations with the number of authors. However, the correla-
tions were not uniform across all countries. For example, South
Korea showed nonsignificant correlation between authorship
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FIGURE 4 | Heatmap of correlation coefficients for factors associated with the number of authors per neuroscience publication. Pearson cor-

relation coefficient (r) quantifies the strength and direction of associations between the number of authors per publication and various contributing

factors across countries. Nonsignificant correlations (p >0.05) are shown in grey.

and international collaborations, and with institutional affilia-
tions as well.

Furthermore, to investigate whether research funding levels
are associated with the increase in the number of authors per
neuroscience publication, we correlated the average number of
authors per paper with available data on national research fund-
ing for each country. This analysis aimed to identify whether
funding availability influences collaborative behaviour or other
factors that contribute to authorship trends.

In our analysis, data on research funding were sourced from
the World Bank's DataBank, specifically using the indicator
‘Research and development expenditure (% of GDP)’. This data-
set provides a standardized measure of national investments
in research and development as a percentage of gross domestic
product (GDP) for each country. The data are currently publicly
available at World Bank DataBank, covering the period up to
2021. Data for Taiwan were not available in the World Bank
dataset, but the remaining countries were well represented.

The results showed mixed patterns. In several countries, a
strong positive correlation was observed, suggesting that higher
funding levels are associated with an increase in the number
of authors per publication. For example, in China (r=0.97)
and Italy (r=0.94), the correlation coefficients suggest that

increased funding supports larger, more collaborative research
efforts. Conversely, in some countries, we observed negative
correlations. For instance, Ukraine (r=—0.67) showed inverse
relationships. Interestingly, several countries exhibited weak or
negligible correlations, such as South Korea (r=0.041).

Finally, our analysis explored the relationship between the
number of authors and the total number of publications in
neuroscience across various countries. The findings revealed a
consistent trend: in many countries, we observed a strong pos-
itive correlation between the two variables, indicating that an
increase in the number of authors per publication is often asso-
ciated with a higher volume of scientific output. For instance,
in Brazil, a strong correlation was observed (r=0.94). However,
also in this case, the relationship was not consistent across all
countries. For example, once again, South Korea showed a neg-
ligible and nonsignificant correlation (r=0.1), indicating that
the number of authors per paper had little association with the
overall publication output.

4 | Discussion
Examining the increase of authors worldwide, we found that

the increasing trend of authorship in the field of neuroscience
is a global phenomenon. This pattern persists even in countries
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where the number of publications is relatively low, although
the analysis was restricted to countries with at least 450 arti-
cles. However, the number of articles is also gradually increas-
ing in countries that are currently underrepresented, such as
Africa and South America. This is evidenced by data from the
SCIMAGO site (https://www.scimagojr.com/), which displays
the number of publications on Scopus for each country from
1996 to 2023.

Italy stands out as the country with the highest average num-
ber of authors per article in the field of neuroscience. On the
other hand, regarding the largest growth from the first subpe-
riod (2001-2011) to the second (2012-2022), China exhibited the
highest increase in authorship, followed by Norway and Egypt.

The rapid growth in authorship in China can be partially at-
tributed to the ‘Publish or Perish’ culture that is widely prevalent
in the country (Tian et al. 2016). This pressure is particularly
intense regarding publishing in international journals and
collaborating with authors from other countries. Indeed, Fu
et al. (2011) conducted a bibliometric evaluation of highly cited
papers from 1999 to 2009 using the Essential Science Indicators
(ESI) database across 22 scientific fields, including neurosci-
ence. They found that 47% of all Chinese ESI papers were inter-
national collaborations involving 101 countries. Furthermore,
Fu's analysis revealed that a significant number of the most
cited papers were authored by numerous individuals, with some
papers having over 200 authors from more than 8 countries.
Therefore, the pressure for international publications and the
extensive involvement of multiple countries could be significant
factors contributing to the substantial growth in the number of
authors in Chinese articles.

Our analysis also showed a strong correlation between the
number of authors and international collaborations in China
(r=0.85). These findings reinforce the role of collaborative ef-
forts beyond national borders, as a driver of the increasing au-
thorship trend in China.

The increase in authorship in Egypt can possibly be explained,
by taking a cue from a nonneuroscientific field. In fact, a study
by Farahat (2002) examined authorship patterns in the agri-
cultural sciences in Egypt by analysing all papers published in
19 scientific journals. The findings showed a dominant trend
toward multiple authorships, with a steady increase in multi-
author papers from 69% in 1960 to 89% in 1980. According to
Farahat, a reason for the increasing cooperation is the pressure
to collaborate to share the publication costs. As these costs in-
crease, there is a greater incentive for researchers to involve col-
leagues in sharing the expenses, often resulting in the addition
of their names as co-authors, irrespective of their actual contri-
butions to the work.

This rationale presents a plausible explanation, and conse-
quently, it can be anticipated that as the number of publications
increases in other nations facing substantial economic chal-
lenges, the number of contributing authors will similarly rise.
This perspective is particularly relevant for interpreting the
trends observed in Ukraine, where the number of authors per
publication increased despite a negative correlation between
funding and authorship (r=—0.67). In Ukraine, limited funding

availability may have driven researchers to adopt collaborative
strategies, pooling resources and distributing financial or mate-
rial burdens to sustain research productivity.

However, while economic constraints appear to play a simi-
lar role in fostering collaboration in both Egypt and Ukraine,
the outcomes differ. Egypt demonstrated a positive correlation
between funding and authorship (r=0.59), suggesting that in-
creased funding further supports collaborative efforts. This
divergence underscores the complexity of the relationship be-
tween funding and authorship trends. It likely indicates that,
while economic pressures often incentivize collaboration, the
ways these pressures translate into authorship practices are
shaped by additional factors, including academic norms, fund-
ing mechanisms and cultural expectations.

The economic explanation was overlooked in Paul et al. (2024)
but should be expected to account, at least in part, for the in-
creasing trend in authorship in other countries to meet the in-
creasing financial costs associated with the publication process,
especially since many journals have moved toward open access,
shifting the cost of publication from the readers or university
subscriptions to the authors.

However, this rationale carries less weight in economically
prosperous countries such as Norway. Nevertheless, Nylenna
et al. (2014) investigated practices among Norwegian research-
ers by administering a questionnaire to researchers and PhD
students at Oslo University Hospital and the University of Oslo
(2700 individuals). They found that 36% of respondents had ex-
perienced pressure to include authors in their papers who had
not made significant contributions. This could be another of the
reasons for the significant growth in the number of authors in
such settings.

The relationship between the number of authors per publication
and the total number of publications provides additional insights
into these trends. In countries with a high volume of scientific
output, such as Italy and China, the number of authors per arti-
cle appears closely linked to the overall publication growth. This
relationship suggests that larger collaborative efforts may drive
higher productivity in terms of publication volume. In Italy, for
instance, the rise in both authorship and publication numbers
aligns with the country's stringent academic evaluation pro-
cesses, which emphasize quantitative metrics like publications
and citations as benchmarks for career advancement. Similarly,
China's rapid growth in authorship is accompanied by an in-
crease in total publications, driven in part by intense pressure to
publish in international journals and collaborate globally.

Finally, the considerable growth in the number of authors per
article in Italy can be accounted for, at least in part, by the inclu-
sion of honorary authors as a response to the stringent academic
evaluation processes employed within the country, particularly
in the context of higher education and research institutions (de
Santis Puzzonia et al. 2018). Indeed, in Italy, advancement to
ranks such as associate or full professorship is contingent upon
meeting specific benchmarks that include the number of pub-
lications, citations and h-index values over a defined period.
These criteria are part of a broader framework managed by
the Agency for the Evaluation of the University and Research
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System (ANVUR), which is responsible for setting and reca-
librating these thresholds across various academic fields and
ranks. The impact of such evaluation criteria on publication
practices is profound, because it incentivizes researchers to in-
crease their publication output, often through collaborative ef-
forts, to meet the required thresholds.

Therefore, the reasons behind the worldwide increase in the
number of authors per article are not only linked to the growing
complexity of scientific subjects (Weeks et al. 2004; Abt 2007)
but also to factors related to the economies of countries, peer
pressure and an academic system that relies predominantly on
quantitative indicators. This convergence of factors highlights a
significant ethical dilemma that has been thoroughly examined
in our previous publication (Paul et al. 2024) and that we re-
examine only briefly here.

The ethical concern arises from the prevailing ‘Publish or Perish’
culture within academia, which employs publication metrics as
critical criteria for career advancement. In countries like Italy,
these metrics often can lead to a proliferation of multiauthorship
where not all listed contributors have played a meaningful role
in the research. This ethical issue highlights the need for nor-
malization by the number of authors to assign a fair score to the
individual scientist, as proposed for the H index (Schreiber 2008;
Galam 2011; Zerem 2017). The strong impact of the ‘Publish or
Perish’ culture is evident not only in the increasing number of
authors but also in the rise of self-citations in certain countries.
In fact, Baccini and Petrovich (2023) compared self-citation
rates across 50 countries between 1996 and 2019. They found
that, while self-citations generally decreased over time in most
countries, 12 countries (Colombia, Egypt, Indonesia, Iran, Italy,
Malaysia, Pakistan, Romania, Russia, Saudi Arabia, Thailand
and Ukraine) showed the opposite trend.

Our findings on the high number of authors in Italy and the rap-
idly increasing trend in Egypt align with the high number of
self-citations. In contrast, in our work, the other 10 countries
identified by the study of Baccini and Petrovich (2023) are not
ranked among the countries with the highest number of au-
thors. This difference may suggest that researchers in different
countries respond to diverse incentives and institutional pres-
sures regarding citations and publication metrics.

Addressing the ethical complexities surrounding authorship,
particularly issues like honorary and ghost authorship (Wislar
et al. 2011), is essential for maintaining integrity in academic
publishing. Honorary authorship, where individuals are in-
cluded as co-authors without significant contributions, and
ghost authorship, where deserving contributors are excluded,
raise significant ethical concerns. To mitigate these practices,
many publishers have introduced policies requiring or for-
malizing the disclosure of author contributions (Vasilevsky
et al. 2021). The introduction of guidelines, such as those
by the International Committee of Medical Journal Editors
(ICMIJE, 2006), has provided a framework for defining author-
ship. Specifically, these guidelines aim to clarify roles, helping
to prevent the inclusion of honorary authors or the exclusion
of deserving contributors (Vasilevsky et al. 2021). However, at
our knowledge, while guidelines like those from the ICMJE
offer clear criteria and recommendations, their practical

impact on authorship practices remains largely unexplored.
Future research is needed to evaluate whether these policies
have led to measurable improvements in fairness in authorship
attribution.

To conclude, we believe that this work contributes to under-
standing these trends, which is crucial for informing research
policies, promoting equitable collaboration and addressing ethi-
cal concerns such as honorary authorship and the potential over-
reliance on quantitative metrics in academic evaluations. While
we identified factors related to the economies of countries, peer
pressure, international collaboration and an academic system
that relies on quantitative indicators, further studies addressing
the system of incentives and country-specific socio-economic
factors are needed to understand these differences. Moreover,
while in this study we extended our initial research (Paul
et al. 2024) to a global scale, we believe it is equally important
to conduct the analysis using a country-centred approach. This
would involve examining the increase in the number of authors
by geographic areas, specific universities, or even departments
to understand the effect of local policies. We have limited our
study to the field of neuroscience, but a more comprehensive
study across all fields is needed, as some of our results may be
specific to this field.
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