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Abstract 

Scientific communities need to understand and eliminate barriers that prevent people 

with diverse backgrounds from contributing to and participating in science. However, 

the combined impact of individuals’ linguistic, economic, and gender backgrounds on 

their scientific productivity is poorly understood. Using a survey of 908 environmental 

scientists, we show that being a woman is associated with up to a 45% reduction in 

the number of English-language publications, compared to men. Being a woman, a 

non-native English speaker, and from a low-income country is associated with up to a 

70% reduction, compared to male native English speakers from a high-income coun-

try. The linguistic and economic productivity gap narrows when based on the total 

number of English- and non-English-language publications. We call for an explicit 

effort to consider linguistic, economic, and gender backgrounds and incorporate 

non-English-language publications when assessing the performance and contribution 

of scientists.

Introduction

Currently, not everyone can contribute to science in an equal manner due to a num-
ber of barriers. This is a serious equity issue in science, as all scientists, regardless 
of their background, should have an equal opportunity to contribute to science, as 

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pbio.3003372&domain=pdf&date_stamp=2025-09-18
https://doi.org/10.1371/journal.pbio.3003372
https://doi.org/10.1371/journal.pbio.3003372
https://doi.org/10.1371/journal.pbio.3003372
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6576-3410
mailto:t.amano@uq.edu.au


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003372  September 18, 2025 2 / 13

stated in the UNESCO Recommendation on Open Science [1]. These barriers also 
deprive the scientific community of the diversity of people, ideas, and approaches 
that are key to innovation in science and to addressing ongoing global challenges 
[2–6]. Therefore, the scientific community urgently needs to understand and disman-
tle the barriers to scientists, particularly those from historically and currently under-
represented groups.

Many factors other than one’s own abilities can affect the performance, recog-
nition, and representation of scientists. For example, women publish fewer articles 
[7,8], attract fewer citations [9], are less successful in grant applications [8], win a 
lower proportion of awards [10], are under-represented as journal editors [11], patent 
at a lower rate [12], perform more teaching [13] and internal services [14], are less 
likely to hold a tenured position [15], and more likely to leave academia [16] than 
men. Women, non-binary individuals, and people of color are more vulnerable to 
the negative impact of unprofessional peer reviews on their careers [17]. Scientists 
from lower-income countries also publish fewer articles [18], receive less favorable 
review outcomes [19], are less funded [20], and face more barriers when traveling for 
academic purposes [21] than those from higher-income countries. Non-native English 
speakers spend more time when conducting scientific activities and disseminating 
research [22] and find their science rated lower [19,23] than native English speakers, 
and tend to suffer from dissatisfaction, anxiety [24], and imposter syndrome [25].

Few studies to date, however, have assessed the relative and combined impacts 
of gender, linguistic, and socio-economic backgrounds on scientific productivity by 
individual scientists. For instance, the difference in scientific productivity has been 
tested extensively among gender identities [7], but rarely between native and non- 
native English speakers. This is likely because it is almost impossible to collect accu-
rate information on the linguistic background of authors in large bibliometric studies, 
while survey-based studies tend to be targeted at a single country or focused only 
on non-native English-speaking scientists. Scientific productivity, typically measured 
by the number of English-language publications, is still widely used to evaluate the 
performance of scientists, although its validity is often questioned [26]. We urgently 
need to assess which attributes of scientists other than gender identities influence 
their productivity, to understand how not accounting for those attributes can bias the 
common metric of scientific performance, further disadvantaging the careers of scien-
tists from underrepresented groups.

This study capitalizes on a survey of 908 environmental scientists from eight 
nationalities to test how the productivity of scientists differs depending on their gen-
der, linguistic, and economic backgrounds. This dataset has three major advantages: 
the survey (i) covers participant nationalities with varying levels of English proficiency 
and income, (ii) records the self-reported first languages of participants, and (iii) mea-
sures the scientific productivity in terms of the number of English and non- 
English-language publications for scientists with 1–55 years in their careers. This 
allows us to compare the relative effect of participants’ gender identity, first language, 
and economic backgrounds, and their combined impacts, on the number of their pub-
lications in English and in non-English languages across different career stages.
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Results and discussion

The survey collected responses from 908 researchers in environmental sciences from eight nationalities each with varying 
levels of English proficiency and income [22]: Bangladeshi (n = 106), Bolivian (100), British (112), Japanese (294), Nepali 
(82), Nigerian (40), Spanish (108), and Ukrainian (66) (See Materials and methods for more detail and S1 Table for the 
number of participants by English proficiency, income level, and gender identity).

We found that women, non-native English speakers, and those from lower-income countries published statistically 
fewer English-language peer-reviewed papers than men, native English speakers, and those from higher-income coun-
tries, respectively, when controlling for the number of years in research and their disciplines (Fig 1A–1C, Table 1). The 
male–female productivity gap was especially wide in early career researchers (Fig 1A), although the interaction term was 
not statistically significant (Table 1). The gender-other interaction term was significant (Table 1), however, the small sam-
ple size of the gender-other category (e.g., only two in English native, S1 Table) makes it difficult to conclude whether this 
is a real pattern or a statistical artifact. In contrast, the significant interaction term for those with low English proficiency 
indicates that the language productivity gap was wider in scientists at a later career stage (Table 1, Fig 1B). The interac-
tion between the number of years in research and income level was not significant, indicating that the income productivity 
gap did not differ between participants with different levels of research experience (Fig 1C and Table 1).

The results were in stark contrast when we ran the same analysis but using the total number of English- and non- 
English-language papers as a measure of productivity. Non-native English speakers at early to mid-career stages pub-
lished statistically more peer-reviewed papers in English and non-English languages combined, than native English 
speakers (Fig 1E and Table 2). The income productivity gap was also reversed; those from lower-income countries 
published a statistically higher total number of peer-reviewed papers than those from higher-income countries (Fig 1F and 
Table 2). Women still published less than men even when the analysis was based on the number of papers in English and 
non-English languages combined (Fig 1D and Table 2).

The analysis above used the level of countries’ English proficiency to approximate the level of each participant’s 
English proficiency. To further test the potential role of individuals’ levels of English proficiency, we also conducted a sepa-
rate analysis focusing only on non-native English-speaking participants. In this analysis, we included an additional explan-
atory variable—the number of years spent living in countries where English is the first language—as more exposure to 
English is known to be correlated with higher English proficiency [27,28]. We found that non-native English speakers who 
have lived longer in English-speaking countries published more peer-reviewed papers in English (S2 Table). Although the 
number of years spent living in countries where English is the first language can also be associated with other factors, 
such as access to collaboration, this result indicates that scientific productivity in English varies even among non-native 
English speakers, and can be explained partly by the individuals’ level of English proficiency.

These results provide clear evidence that language, economic, and gender disparities widen the scientific productivity 
gap, particularly when focusing only on English-language publications. This is likely due to the numerous barriers that 
women and non-binary people, non-native English speakers, and those from lower-income countries experience when 
conducting science [8,17,19,21,22,29,30]. For example, non-native English speakers spend up to 51% more time to write 
a paper in English, experience paper rejection due to English writing up to 2.6 times more often, and are requested to 
improve their English writing during paper revision up to 12.5 times more often, compared to native English speakers [22]. 
Our findings are based on regression analyses, and thus, may not necessarily indicate causation. Nevertheless, when 
the total number of English- and non-English-language papers was used as a measure of scientific productivity, we found 
no or even reversed productivity gap between non-native English speakers and native English speakers, and between 
lower-middle-income and high-income countries. This gives a strong signal that the need to publish papers in a language 
that is not their first language, which also often demands considerable cost [31], has led to fewer English-language 
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publications from non-native English speakers and those from lower-income countries. As a result, these scientists are 
portrayed as less productive based on English-language publication metrics.

To further visualize the accumulated impact of linguistic, economic, and gender backgrounds of individual researchers 
on their scientific productivity, we used the models developed in Tables 1 and 2 to estimate the expected absolute and 
percentage difference in scientific productivity between researchers with different combinations of the three attributes (Fig 
2). When using the number of English-language peer-reviewed papers published as a measure of productivity, being a 
woman alone was associated with, on average, a reduction in the number of peer-reviewed publications at a late career 

Fig 1.  Impact of gender, language, and economic backgrounds on scientific productivity. (A) Gender, (B) language, and (C) income effects on 
the number of English-language papers published by participants with varying number of years in research. (D) Gender, (E) language, and (F) income 
effects on the number of English- and non-English-language papers published by participants. Although all samples (n = 908) were used to estimate the 
coefficient of each explanatory variable, each panel only displays those samples that are relevant to the comparison of focus, i.e., (A, D) native English 
speakers with all gender categories from a high-income country, (B, E) male participants with all language backgrounds from high-income countries, and 
(C, F) male participants with low English proficiency from high or lower-middle income countries. The regression lines (with 95% confidence intervals 
as shaded areas) represent the estimated relationship based on the results shown in Tables 1 and 2. The data underlying this figure can be found in S1 
Data.

https://doi.org/10.1371/journal.pbio.3003372.g001

https://doi.org/10.1371/journal.pbio.3003372.g001
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Table 2.  Results of a generalized linear model (with a negative binomial distribution) of factors explaining variations in the number of English- 
and non-English-language peer-reviewed papers combined, published by survey participants (n = 908). Number of years in research was 
centered before the analysis. The reference category for English proficiency, Income level, Gender, and Discipline was English native, High 
income, Male, and Conservation biology, respectively. Significant results are shown in bold. The bias-adjusted estimate of mean-square error 
(used as a predictive measure) based on the 10-fold cross-validation of the final model is 647.49, representing a 15.29% improvement from 
the null model with 764.39.

Coefficients Estimate Standard error z p

Intercept 2.50 0.097

Number of years in research 0.084 0.0061 13.72 <0.20 × 10−15

English proficiency—low 0.0074 0.080 0.092 0.93

English proficiency—moderate 0.21 0.091 2.31 0.021

Income level—lower-middle 0.16 0.065 2.43 0.015

Gender—other 0.42 0.25 1.68 0.092

Gender—female −0.40 0.061 −6.55 5.83 × 10−-11

Discipline—ecology 0.083 0.079 1.05 0.29

Discipline - evolutionary biology −0.066 0.10 −0.64 0.53

Discipline—other 0.15 0.11 1.40 0.16

Discipline—other biological sciences 0.085 0.093 0.91 0.37

Number of years in research × English proficiency—low −0.021 0.0070 −3.05 0.0023

Number of years in research × English proficiency—moderate −0.019 0.0074 −2.54 0.011

Number of years in research × Gender—other −0.028 0.021 −1.36 0.17

Number of years in research × Gender—female 0.018 0.0062 2.85 0.0044

https://doi.org/10.1371/journal.pbio.3003372.t002

Table 1.  Results of a generalized linear model (with a negative binomial distribution) of factors explaining variations in the number of 
English-language peer-reviewed papers published by survey participants (n = 908). Number of years in research was centered before the 
analysis. The reference category for English proficiency, Income level, Gender, and Discipline was English native, High income, Male, and 
Conservation biology, respectively. Significant results are shown in bold. The bias-adjusted estimate of mean-square error (used as a predic-
tive measure) based on the 10-fold cross-validation of the final model is 474.51, representing a 13.46% improvement from the null model with 
548.34.

Coefficients Estimate Standard error z p

Intercept 2.53 0.10

Number of years in research 0.077 0.0063 12.27 <0.20 × 10−15

English proficiency—low −0.40 0.083 −4.81 1.48 × 10−6

English proficiency—moderate −0.39 0.096 −4.10 4.08 × 10−5

Income level—lower-middle −0.31 0.069 −4.43 9.63 × 10−6

Gender—other −0.0040 0.27 −0.015 0.99

Gender—female −0.45 0.065 −7.01 2.33 × 10−12

Discipline—ecology 0.24 0.085 2.81 0.0050

Discipline—evolutionary biology 0.22 0.11 1.97 0.049

Discipline—other 0.33 0.11 2.87 0.0041

Discipline—other biological sciences 0.22 0.10 2.24 0.025

Number of years in research × English proficiency—low −0.020 0.0072 −2.78 0.0055

Number of years in research × English proficiency—moderate −0.013 0.0076 −1.75 0.080

Number of years in research × Gender—other −0.059 0.022 −2.64 0.0083

Number of years in research × Gender—female 0.012 0.0065 1.81 0.070

Variables removed based on the likelihood ratio test χ2 p

Number of years in research × Income level 0.10 0.75

https://doi.org/10.1371/journal.pbio.3003372.t001

https://doi.org/10.1371/journal.pbio.3003372.t002
https://doi.org/10.1371/journal.pbio.3003372.t001
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Fig 2.  Additive disadvantages of being a woman with low English proficiency and from a low-income country in scientific productivity. (A) 
Absolute difference in the number of English-language peer-reviewed papers published between male native English speakers from a high-income coun-
try (baseline shown in pink) and female native English speakers from a high-income country (solid line in orange), female non-native English speakers 
from a high-income country (solid line in navy), and female non-native English speakers from a lower-middle income country (dashed line in navy). Here, 
non-native English speakers are defined as those with low English proficiency. (B) Absolute difference in the number of English- and non-English- 
language peer-reviewed papers published between researchers with the same combinations of the three attributes as (A). (C) Percentage difference in 
the number of English-language peer-reviewed papers published between researchers with the same combinations of the three attributes as (A). (D) 
Percentage difference in the number of English- and non-English-language peer-reviewed papers published between researchers with the same com-
binations of the three attributes as (A). The lines (with 95% confidence intervals as shaded areas) represent median estimates. The data underlying this 
figure can be found in S1 Data.

https://doi.org/10.1371/journal.pbio.3003372.g002

https://doi.org/10.1371/journal.pbio.3003372.g002


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003372  September 18, 2025 7 / 13

stage by over 10 compared to men, while being a woman and a non-native English speaker equated to a 20 or more 
reduction in peer-reviewed publications at a late career stage, compared to male native English speakers (Fig 2A). The 
relative productivity impact of being a woman was largest at an early career stage, with over 45% reduction in the number 
of publications compared to men, while the relative impact was reduced at a later career stage, with about 20% reduction 
in the number of publications (Fig 2C). The relative productivity impact of being a non-native English speaker and from a 
lower-income country was largest at a late career stage. Being a woman and a non-native English speaker equated to up 
to a 60% reduction, and being a woman, a non-native English speaker, and from a lower-income country was associated 
with even a 70% reduction in the number of publications (Fig 2C)

The linguistic and economic productivity gap persisted but clearly narrowed, when using the total number of English- 
and non-English-language papers published as a measure of scientific productivity (Fig 2B and 2D). In absolute terms, 
being a woman and a non-native English speaker equated to a reduction of up to 15 publications on average (Fig 2B), 
rather than over 20 (Fig 2A), compared to male native English speakers. Being a woman, a non-native English speaker, 
and from a lower-income country equated to a reduction of up to five (Fig 2B), rather than 15 (Fig 2A) publications, com-
pared to male native English speakers from a high-income country. The additive impact of being a woman, a non-native 
English speaker, and from a lower income country was also drastically reduced in relative terms when taking non- 
English-language publications into account, with the productivity gap between female non-native English speakers and 
male native English speakers narrowing to up to 30% (Fig 2D), rather than over 60% (Fig 2C), and the productivity gap 
between female non-native English speakers from a lower income country and male native English speakers from a 
high-income country falling to over 20% (Fig 2D), rather than 70% (Fig 2C).

These results provide robust evidence that the impact of each of the three attributes (gender, linguistic, and economic 
background) adds up to create an almost insurmountable disadvantage, especially for female non-native English speak-
ers from lower-income countries, in contributing to and participating in science. Being a woman alone was associated with 
a considerable disadvantage in terms of productivity, especially at an early career stage, with the number of publications 
almost halving compared to male counterparts. The larger gender productivity gap at an earlier career stage is likely due 
to multiple disadvantages for early-career women, such as a higher rate of taking a career break due to parental, family, 
and caring responsibilities [32], larger impact of parenthood [33], and less involvement in collaborations [34] compared to 
men.

Being a non-native English speaker is associated with a further 15% reduction, and being from a lower-income country 
equates to an additional 10% reduction in publications. The productivity impact of being a non-native English speaker and 
from a lower-income country was larger for those at a later career stage. A potential explanation for this is the Matthew 
Effect; scientists who have previously been successful are more likely to succeed again in the future, causing differences 
in future success between winners and non-winners to further grow as their career progresses [35,36]. This indicates that 
the language and economic disparity may have a cumulative and long-lasting impact on scientists’ productivity over their 
careers. It may also be explained, for example, by the recent increase in pressure on early-career researchers to publish 
in English, even in countries where English is not widely spoken [37], or by the tendency of early-career researchers to 
leverage emerging artificial intelligence technologies more to boost their productivity [38]. It is worth emphasizing, how-
ever, that non-native English speakers at an early career stage still publish less in English than their native English- 
speaking counterparts (Figs 1B and 2C).

Our study may potentially be underestimating the productivity impact of the gender, linguistic, and economic back-
grounds of scientists, both at earlier and later career stages. First, our analysis excluded researchers without any 
first-authored peer-reviewed paper in English, which might have caused the underestimation of the productivity gap at 
an early career stage. Second, the survey that produced the data used in this study is unlikely to have included partici-
pants who have discontinued their scientific careers (see Materials and methods), potentially creating survivorship bias 
in the results. To fully understand the impact of the three attributes on scientific productivity, future longitudinal research 
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needs to scrutinize differences in career trajectories between those with different linguistic and economic backgrounds, as 
has been done for gender identities [16]. Qualitative causal inference approaches, such as process tracing and general 
elimination methodology, would also be useful to better understand the mechanisms underlying the patterns found in this 
study. Future studies should also assess the association between such attributes and other metrics of scientific productiv-
ity, such as authorship positions, journals for publications, and citations. We also recognize that the categories of gender, 
language and economic background used in this study are coarse, as also reflected in the modest improvements in the 
predictive measure of the final model from the null model (Tables 1 and 2, and S2 Table), and more detailed background 
information, such as more detailed gender identities, or individuals’ levels of English proficiency and income, may further 
explain the variation in productivity. Other factors that were not collected in the survey, such as job titles and the type of 
institutions, may also explain the variation in productivity. The survey data used in this study are limited only to research-
ers in environmental sciences and within the eight nationalities. We call for further research to assess whether similar 
patterns would hold in other disciplines and countries with different publishing cultures and collaboration norms.

The results of this study have implications for how we should assess an individual scientist’s productivity in research 
assessment. Despite the increasing tendency to diversify the criteria used to assess an individual scientist’s contributions 
in, for example, hiring, promotion, or funding decisions (Declaration on Research Assessment (DORA): https://sfdora.
org/), the number of publications in English, together with other publication metrics, is still widely used in research assess-
ment. The combined impact of gender, linguistic, and economic backgrounds of individual scientists is rarely taken into 
account. For example, the Australian Research Council (ARC) has introduced the Research Opportunity and Performance 
Evidence (ROPE) policy to allow researchers to declare significant interruptions that have affected their research capac-
ity, productivity, or contribution in the National Competitive Grant Program [39]. Nevertheless, examples of “significant 
interruptions” proposed by the ARC only include interruptions to academic employment, disasters, misadventure, medical 
conditions, disability, caring and parental responsibilities, and community obligations [39], leaving out the considerable 
disadvantages associated with individuals’ linguistic and economic backgrounds. Our findings suggest that being a non- 
native English speaker and from a lower-income country also should be a factor that is considered explicitly in any 
research assessment as a major impediment to the research capacity, productivity, and contribution of scientists.

The scientific community also largely ignores non-English-language publications in research assessment, even in countries 
where English is not widely spoken [40]. Our results indicate that this common practice could further exacerbate the disadvan-
tages of non-native English speakers and those from lower-income countries. Non-English-language publications can also be 
an important source of evidence, based on a robust study design, to inform decisions in addressing global challenges, such as 
the biodiversity and climate crises [41,42]. Including non-English-language publications in research assessment by individuals, 
institutions, and funders, which also conforms with the DORA’s emphasis on what is published rather than where it is pub-
lished, can also reduce, though not eliminate, the impact of linguistic and economic disadvantages in science.

Our findings indicate a clear need to understand the cumulative impact of having multiple attributes that can disadvan-
tage a scientist, not only on the number of publications, but more broadly on the contribution, performance, and represen-
tation of individual scientists. Recent studies on gender inequality in science point the way forward; we already know how 
gender impacts scientific productivity [7], citations [9], funding success [8], employment [43], promotion [44], represen-
tation [11], and so on. As science is becoming increasingly globalized, individual scientists’ attributes other than gender 
identity, most notably, but not limited to, linguistic and economic backgrounds, also form the fundamental basis of diversity 
in science. We urge the scientific community to assess the cumulative disadvantage faced by currently and historically 
underrepresented groups in science, and take actions to achieve their full contribution to and fair participation in science. 
Quantifying the impact of these barriers alone would not solve the issue. However, those who are not directly affected 
by the barriers cannot easily visualize their impacts. Therefore, as an initial step towards addressing these barriers, we 
need to try and build a consensus within the scientific community about the impact of various barriers by generating and 
presenting the evidence.

https://sfdora.org/
https://sfdora.org/
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Materials and methods

Ethics statement

The survey obtained the University of Queensland’s Institutional Human Research Ethics Approval (committee: Science 
Low and Negligible Risk Committee, approval number: 2021/HE000566). All participants were over 18 years old and 
agreed to participate in the survey through written consent. The survey provided the Participant Information Sheet that 
clarifies the voluntary nature of participation, the aims of the research, how the data would be used, and that all data 
would be confidential.

Data

The data used in this study was collected by a survey published in another study [22]. The survey was conducted between 
June and October 2021, with the aim of quantifying the amount of effort needed by individual researchers with different 
linguistic and economic backgrounds to conduct scientific activities in English and their first language (see [22] for more 
details of the survey). The survey was targeted at eight nationalities: Bangladeshi, Bolivian, British, Japanese, Nepali, 
Nigerian, Spanish, and Ukrainian. These nationalities were selected based on the levels of each country’s English profi-
ciency (based on the English Proficiency Index [45]) and income (based on the World Bank list of economies [46]): Ban-
gladeshi, Nepali (low English proficiency and lower-middle income), Japanese (low English proficiency and high income), 
Bolivian, Ukrainian (moderate English proficiency and lower-middle income), Spanish (moderate English proficiency and 
high income), Nigerian (English as an official language and lower-middle income), and British (English as an official lan-
guage and high income). Anyone who has one of the selected nationalities and has published at least one first-authored 
peer-reviewed English-language paper in ecology, evolutionary biology, conservation biology, or related disciplines was 
eligible to participate in the survey, regardless of their career level or profession.

The survey was initially developed in English, translated into the relevant languages for each nationality (Bangla for 
Bangladeshi, Japanese for Japanese, Nepali for Nepali, Spanish for Bolivian and Spanish, and Ukrainian for Ukrainian) 
and distributed in each of the eight countries in as unbiased a way as possible, through major mailing lists, and/or aca-
demic societies, universities, and institutions of relevant disciplines, or directly to relevant researches who were systemati-
cally identified on literature search systems. Using personal networks was avoided to reduce potential biases in participant 
recruitment (see [22] for more details of the survey distribution). Due to this nature of survey distribution, the survey was 
largely limited to those researchers who were active in their careers at the time of the survey, and unlikely to include those 
who had already discontinued their scientific careers.

The survey was answered by a total of 908 researchers in environmental sciences (mostly ecology, evolutionary 
biology, conservation biology, and related disciplines) with at least one first-authored peer-reviewed paper in English. The 
number of participants with each nationality was as follows: Bangladeshi (n = 106), Bolivian (100), British (112), Japanese 
(294), Nepali (82), Nigerian (40), Spanish (108), and Ukrainian (66). The gender composition of the participants was 339 
female, 556 male, and 13 participants in other categories, with the median age of 39 (range: 18–77) years old and median 
13 (range: 1–55) years of experience in research. See S1 Table for the number of participants by English proficiency, 
income level, and gender identity.

Statistical analysis

We first performed a generalized linear model assuming a negative binomial distribution, with the number of English- 
language peer-reviewed papers published by survey participants as the response variable, and five explanatory variables: 
the number of years in research (centered), a country’s English language proficiency (English native as the reference 
category, moderate, and low), a country’s income level (high as the reference category, and lower-middle), the gender 
identity of the participant (male as the reference category, female, and other), and the research discipline of the participant 
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(conservation biology as the reference category, ecology, evolutionary biology, other biological sciences, and other). We 
could not control for nationalities, as the variable was almost perfectly collinear with English proficiency and income levels. 
We also included three interactions: the number of years in research and a country’s English language proficiency, the 
number of years in research and a country’s income level, and the number of years in research and the gender identity of 
the participant. We first tested whether the three interactions were significant using the likelihood ratio test and found that 
the interaction between the number of years in research and a country’s income level was not significant (Table 1). We 
therefore removed this non-significant interaction from all analyses. After removing this interaction, we confirmed that a 
country’s income level itself was significant based on the likelihood ratio test and decided to keep this explanatory variable 
in the final model. We interpreted the results derived from the final model.

We next fitted the same model as the final model in the first analysis, but using the total number of English- and 
non-English-language peer-reviewed papers published by participants as the response variable. Lastly, we fitted the same 
model as the final model in the first analysis, but excluding native English speaking participants and including the number 
of years spent living in countries where English is the first language as an additional explanatory variable.

To assess the predictive performance of the three final models, we also performed 10-fold cross-validation for each 
final model and the null model (i.e., the model only with the intercept) and calculated a bias-adjusted estimate of the 
mean-square error of each model as a predictive measure [47].

We then used the models developed in the first and second analyses (shown in Tables 1 and 2, respectively) to esti-
mate the expected absolute and percentage difference in scientific productivity between male native English speakers 
from a high-income country (baseline) and (i) female native English speakers from a high-income country (representing 
the effect of being a female), (ii) female non-native English speakers from a high-income country (representing the effect 
of being a female non-native English speaker), and (iii) female non-native English speakers from a lower-middle income 
country (representing the effect of being a female non-native English speaker from a lower-middle income country). Here, 
non-native English speakers were defined as those with low English proficiency.

For each of the seven coefficients that are necessary for the calculation (intercept, the number of years in research, 
English proficiency—low, income level—lower-middle, gender—female, the number of years in research × English 
proficiency—low, and the number of years in research × gender—female), we derived 1,000 coefficient estimates 
from a normal distribution with the mean of the estimated coefficient and s.d. of the standard error of the coefficient 
in each model. We used the 1,000 sets of coefficient estimates to calculate 1,000 estimates of the expected number 
of (i) English-language peer-reviewed papers and (ii) English-language and non-English-language peer-reviewed 
papers combined, for (a) a male native English speaker from a high-income country (with a varying number of years 
in research between 1 and 38 years), (b) a female native English speaker from a high-income country (between 1 and 
38 years), (c) a female non-native English speaker from a high-income country (between 1 and 30 years), and (d) a 
female non-native English speaker from a lower-middle income country (between 1 and 24 years). The year range 
used was the actual year range for the participants of the respective groups. We then calculated the absolute and per-
centage differences between (a) and (b), (c), and (d), respectively, and used the median and 2.5th and 97.5th percen-
tiles of the 1,000 estimates to plot the results. The estimates assumed the reference category (conservation biology) 
for discipline. We decided not to estimate the effect of gender—other due to the small sample size (13 participants, S1 
Table).

The analysis was conducted using R version 4.4.0 [48] and the following R packages: tidyverse [49], MASS [50], lmtest 
[51], gridExtra [52], and cv [53].

Supporting information

S1 Table.  Number of survey participants by English proficiency, income level, and gender identity. 
(DOCX)
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S2 Table.  Results of a generalized linear model (with a negative binomial distribution) of factors explaining 
variations in the number of English-language peer-reviewed papers published by survey participants whose first 
language is not English (n = 754). Survey participants whose first language is English were excluded from this analysis. 
Number of years in research was centered before the analysis. The reference category for English proficiency, Income 
level, Gender, and Discipline was Low English proficiency, High income, Male, and Conservation biology, respectively. 
Significant results are shown in bold. The bias-adjusted estimate of mean-square error (used as a predictive measure) 
based on the 10-fold cross-validation of the final model is 240.55, representing a 24.26% improvement from the null model 
with 317.61.
(DOCX)

S1 Data.  The data underlying Figs 1A–1F and 2A–2D. 
(XLSX)

Acknowledgments

We thank all participants in the survey and M. Amano for English proofreading.

Author contributions

Conceptualization: Tatsuya Amano, Valeria Ramírez-Castañeda, Diogo Veríssimo.

Formal analysis: Tatsuya Amano.

Funding acquisition: Tatsuya Amano, Shawan Chowdhury.

Investigation: Tatsuya Amano, Violeta Berdejo-Espinola, Israel Borokini, Shawan Chowdhury, Marina Golivets, Juan 
David González-Trujillo, Flavia Montaño-Centellas, Kumar Paudel, Rachel L. White.

Methodology: Tatsuya Amano, Valeria Ramírez-Castañeda, Diogo Veríssimo.

Project administration: Tatsuya Amano, Violeta Berdejo-Espinola.

Validation: Tatsuya Amano, Violeta Berdejo-Espinola.

Visualization: Tatsuya Amano.

Writing – original draft: Tatsuya Amano.

Writing – review & editing: Tatsuya Amano, Valeria Ramírez-Castañeda, Violeta Berdejo-Espinola, Israel Borokini, 
Shawan Chowdhury, Marina Golivets, Juan David González-Trujillo, Flavia Montaño-Centellas, Kumar Paudel, Rachel 
L. White, Diogo Veríssimo.

References
	1.	 UNESCO. UNESCO recommendation on open science. Paris, France: UNESCO. 2021.

	2.	 Hong L, Page SE. Groups of diverse problem solvers can outperform groups of high-ability problem solvers. Proc Natl Acad Sci U S A. 
2004;101(46):16385–9. https://doi.org/10.1073/pnas.0403723101 PMID: 15534225

	3.	 Hofstra B, Kulkarni VV, Munoz-Najar Galvez S, He B, Jurafsky D, McFarland DA. The diversity-innovation paradox in science. Proc Natl Acad Sci U 
S A. 2020;117(17):9284–91. https://doi.org/10.1073/pnas.1915378117 PMID: 32291335

	4.	 AlShebli BK, Rahwan T, Woon WL. The preeminence of ethnic diversity in scientific collaboration. Nat Commun. 2018;9(1):5163. https://doi.
org/10.1038/s41467-018-07634-8 PMID: 30514841

	5.	 Koning R, Samila S, Ferguson J-P. Who do we invent for? Patents by women focus more on women’s health, but few women get to invent. Science. 
2021;372(6548):1345–8. https://doi.org/10.1126/science.aba6990 PMID: 34140388

	6.	 Yang Y, Tian TY, Woodruff TK, Jones BF, Uzzi B. Gender-diverse teams produce more novel and higher-impact scientific ideas. Proc Natl Acad Sci U 
S A. 2022;119(36):e2200841119. https://doi.org/10.1073/pnas.2200841119 PMID: 36037387

http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3003372.s002
http://journals.plos.org/plosbiology/article/asset?unique&id=info:doi/10.1371/journal.pbio.3003372.s003
https://doi.org/10.1073/pnas.0403723101
http://www.ncbi.nlm.nih.gov/pubmed/15534225
https://doi.org/10.1073/pnas.1915378117
http://www.ncbi.nlm.nih.gov/pubmed/32291335
https://doi.org/10.1038/s41467-018-07634-8
https://doi.org/10.1038/s41467-018-07634-8
http://www.ncbi.nlm.nih.gov/pubmed/30514841
https://doi.org/10.1126/science.aba6990
http://www.ncbi.nlm.nih.gov/pubmed/34140388
https://doi.org/10.1073/pnas.2200841119
http://www.ncbi.nlm.nih.gov/pubmed/36037387


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003372  September 18, 2025 12 / 13

	 7.	 Astegiano J, Sebastián-González E, Castanho C de T. Unravelling the gender productivity gap in science: a meta-analytical review. R Soc Open 
Sci. 2019;6(6):181566. https://doi.org/10.1098/rsos.181566 PMID: 31312468

	 8.	 Symonds MRE, Gemmell NJ, Braisher TL, Gorringe KL, Elgar MA. Gender differences in publication output: towards an unbiased metric of 
research performance. PLoS One. 2006;1(1):e127. https://doi.org/10.1371/journal.pone.0000127 PMID: 17205131

	 9.	 Dworkin JD, Linn KA, Teich EG, Zurn P, Shinohara RT, Bassett DS. The extent and drivers of gender imbalance in neuroscience reference lists. 
Nat Neurosci. 2020;23(8):918–26. https://doi.org/10.1038/s41593-020-0658-y PMID: 32561883

	10.	 Lincoln AE, Pincus S, Koster JB, Leboy PS. The matilda effect in science: awards and prizes in the US, 1990s and 2000s. Soc Stud Sci. 
2012;42(2):307–20. https://doi.org/10.1177/0306312711435830 PMID: 22849001

	11.	 Liu F, Holme P, Chiesa M, AlShebli B, Rahwan T. Gender inequality and self-publication are common among academic editors. Nat Hum Behav. 
2023;7(3):353–64. https://doi.org/10.1038/s41562-022-01498-1 PMID: 36646836

	12.	 Ding WW, Murray F, Stuart TE. Gender differences in patenting in the academic life sciences. Science. 2006;313(5787):665–7. https://doi.
org/10.1126/science.1124832 PMID: 16888138

	13.	 Gibney E. Teaching load could put female scientists at career disadvantage. Nature. 2017. https://doi.org/10.1038/nature.2017.21839

	14.	 Guarino CM, Borden VMH. Faculty service loads and gender: are women taking care of the academic family?. Res High Educ. 2017;58(6):672–94. 
https://doi.org/10.1007/s11162-017-9454-2

	15.	 Liu CC, Yalcinkaya B, Back AS, Ding WW. The impact of gender diversity on junior versus senior biomedical scientists’ NIH research awards. Nat 
Biotechnol. 2024;42(5):815–9. https://doi.org/10.1038/s41587-024-02234-y PMID: 38760551

	16.	 Spoon K, LaBerge N, Wapman KH, Zhang S, Morgan AC, Galesic M, et al. Gender and retention patterns among U.S. faculty. Sci Adv. 
2023;9(42):eadi2205. https://doi.org/10.1126/sciadv.adi2205 PMID: 37862417

	17.	 Silbiger NJ, Stubler AD. Unprofessional peer reviews disproportionately harm underrepresented groups in STEM. PeerJ. 2019;7:e8247. https://doi.
org/10.7717/peerj.8247 PMID: 31844596

	18.	 Maas B, Pakeman RJ, Godet L, Smith L, Devictor V, Primack R. Women and Global South strikingly underrepresented among top‐publishing ecol-
ogists. Conserv Lett. 2021;14(4). https://doi.org/10.1111/conl.12797

	19.	 Smith OM, Davis KL, Pizza RB, Waterman R, Dobson KC, Foster B, et al. Peer review perpetuates barriers for historically excluded groups. Nat 
Ecol Evol. 2023;7(4):512–23. https://doi.org/10.1038/s41559-023-01999-w PMID: 36914773

	20.	 Acharya KP, Pathak S. Applied research in low-income countries: why and how?. Front Res Metr Anal. 2019;4:3. https://doi.org/10.3389/
frma.2019.00003 PMID: 33870035

	21.	 Chugh M, Joseph T. Citizenship privilege harms science. Nature. 2024;628(8008):499–501. https://doi.org/10.1038/d41586-024-01080-x PMID: 
38622254

	22.	 Amano T, Ramírez-Castañeda V, Berdejo-Espinola V, Borokini I, Chowdhury S, Golivets M, et al. The manifold costs of being a non-native English 
speaker in science. PLoS Biol. 2023;21(7):e3002184. https://doi.org/10.1371/journal.pbio.3002184 PMID: 37463136

	23.	 Politzer-Ahles S, Girolamo T, Ghali S. Preliminary evidence of linguistic bias in academic reviewing. J Engl Acad Purp. 2020;47:100895. https://doi.
org/10.1016/j.jeap.2020.100895 PMID: 33088213

	24.	 Hanauer DI, Sheridan CL, Englander K. Linguistic injustice in the writing of research articles in english as a second language: data from Taiwanese 
and Mexican researchers. Written Commun. 2018;36(1):136–54. https://doi.org/10.1177/0741088318804821

	25.	 Deng JM, Flynn AB. “I Am Working 24/7, but I Can’t Translate That to You”: the barriers, strategies, and needed supports reported by chemistry 
trainees from English-as-an-additional language backgrounds. J Chem Educ. 2023;100(4):1523–36. https://doi.org/10.1021/acs.jchemed.2c01063

	26.	 Abramo G, D’Angelo CA. How do you define and measure research productivity?. Scientometrics. 2014;101(2):1129–44. https://doi.org/10.1007/
s11192-014-1269-8

	27.	 Espenshade TJ, Fu H. An analysis of English-language proficiency among U.S. immigrants. Am Sociol Rev. 1997;62(2):288. https://doi.
org/10.2307/2657305

	28.	 Peters E. The effect of out-of-class exposure to English language media on learners’ vocabulary knowledge. ITL. 2018;169(1):142–68. https://doi.
org/10.1075/itl.00010.pet

	29.	 Hwang K. Effects of the language barrier on processes and performance of international scientific collaboration, collaborators’ participation, organi-
zational integrity, and interorganizational relationships. Sci Commun. 2012;35(1):3–31. https://doi.org/10.1177/1075547012437442

	30.	 Matthews KRW, Yang E, Lewis SW, Vaidyanathan BR, Gorman M. International scientific collaborative activities and barriers to them in eight soci-
eties. Account Res. 2020;27(8):477–95. https://doi.org/10.1080/08989621.2020.1774373 PMID: 32515609

	31.	 Ramírez-Castañeda V. Disadvantages in preparing and publishing scientific papers caused by the dominance of the English language in science: 
the case of Colombian researchers in biological sciences. PLoS One. 2020;15(9):e0238372. https://doi.org/10.1371/journal.pone.0238372 PMID: 
32936821

	32.	 Jones K. Precarity of post doctorate career breaks: does gender matter?. Stud High Educ. 2023;48(10):1576–94. https://doi.org/10.1080/03075079
.2023.2245849

	33.	 Morgan AC, Way SF, Hoefer MJD, Larremore DB, Galesic M, Clauset A. The unequal impact of parenthood in academia. Sci Adv. 
2021;7(9):eabd1996. https://doi.org/10.1126/sciadv.abd1996 PMID: 33627417

https://doi.org/10.1098/rsos.181566
http://www.ncbi.nlm.nih.gov/pubmed/31312468
https://doi.org/10.1371/journal.pone.0000127
http://www.ncbi.nlm.nih.gov/pubmed/17205131
https://doi.org/10.1038/s41593-020-0658-y
http://www.ncbi.nlm.nih.gov/pubmed/32561883
https://doi.org/10.1177/0306312711435830
http://www.ncbi.nlm.nih.gov/pubmed/22849001
https://doi.org/10.1038/s41562-022-01498-1
http://www.ncbi.nlm.nih.gov/pubmed/36646836
https://doi.org/10.1126/science.1124832
https://doi.org/10.1126/science.1124832
http://www.ncbi.nlm.nih.gov/pubmed/16888138
https://doi.org/10.1038/nature.2017.21839
https://doi.org/10.1007/s11162-017-9454-2
https://doi.org/10.1038/s41587-024-02234-y
http://www.ncbi.nlm.nih.gov/pubmed/38760551
https://doi.org/10.1126/sciadv.adi2205
http://www.ncbi.nlm.nih.gov/pubmed/37862417
https://doi.org/10.7717/peerj.8247
https://doi.org/10.7717/peerj.8247
http://www.ncbi.nlm.nih.gov/pubmed/31844596
https://doi.org/10.1111/conl.12797
https://doi.org/10.1038/s41559-023-01999-w
http://www.ncbi.nlm.nih.gov/pubmed/36914773
https://doi.org/10.3389/frma.2019.00003
https://doi.org/10.3389/frma.2019.00003
http://www.ncbi.nlm.nih.gov/pubmed/33870035
https://doi.org/10.1038/d41586-024-01080-x
http://www.ncbi.nlm.nih.gov/pubmed/38622254
https://doi.org/10.1371/journal.pbio.3002184
http://www.ncbi.nlm.nih.gov/pubmed/37463136
https://doi.org/10.1016/j.jeap.2020.100895
https://doi.org/10.1016/j.jeap.2020.100895
http://www.ncbi.nlm.nih.gov/pubmed/33088213
https://doi.org/10.1177/0741088318804821
https://doi.org/10.1021/acs.jchemed.2c01063
https://doi.org/10.1007/s11192-014-1269-8
https://doi.org/10.1007/s11192-014-1269-8
https://doi.org/10.2307/2657305
https://doi.org/10.2307/2657305
https://doi.org/10.1075/itl.00010.pet
https://doi.org/10.1075/itl.00010.pet
https://doi.org/10.1177/1075547012437442
https://doi.org/10.1080/08989621.2020.1774373
http://www.ncbi.nlm.nih.gov/pubmed/32515609
https://doi.org/10.1371/journal.pone.0238372
http://www.ncbi.nlm.nih.gov/pubmed/32936821
https://doi.org/10.1080/03075079.2023.2245849
https://doi.org/10.1080/03075079.2023.2245849
https://doi.org/10.1126/sciadv.abd1996
http://www.ncbi.nlm.nih.gov/pubmed/33627417


PLOS Biology | https://doi.org/10.1371/journal.pbio.3003372  September 18, 2025 13 / 13

	34.	 Lindahl J, Colliander C, Danell R. The importance of collaboration and supervisor behaviour for gender differences in doctoral student performance 
and early career development. Stud High Educ. 2020;46(12):2808–31. https://doi.org/10.1080/03075079.2020.1861596

	35.	 Merton RK. The Matthew effect in science. Science. 1968;159(3810):56–63. https://doi.org/10.1126/science.159.3810.56

	36.	 Bol T, de Vaan M, van de Rijt A. The Matthew effect in science funding. Proc Natl Acad Sci U S A. 2018;115(19):4887–90. https://doi.org/10.1073/
pnas.1719557115 PMID: 29686094

	37.	 Stockemer D, Wigginton MJ. Publishing in English or another language: an inclusive study of scholar’s language publication preferences in the 
natural, social and interdisciplinary sciences. Scientometrics. 2019;118(2):645–52. https://doi.org/10.1007/s11192-018-2987-0

	38.	 von Garrel J, Mayer J. Artificial Intelligence in studies—use of ChatGPT and AI-based tools among students in Germany. Humanit Soc Sci Com-
mun. 2023;10(1). https://doi.org/10.1057/s41599-023-02304-7

	39.	 Australian Research Council. Research Opportunity and Performance Evidence (ROPE). Australian Research Council, Australian Government. 
2023.

	40.	 Bortolus A. Running like Alice and losing good ideas: on the quasi-compulsive use of English by non-native English speaking scientists. Ambio. 
2012;41(7):769–72. https://doi.org/10.1007/s13280-012-0339-5 PMID: 22956451

	41.	 Amano T, Berdejo-Espinola V, Christie AP, Willott K, Akasaka M, Báldi A, et al. Tapping into non-English-language science for the conservation of 
global biodiversity. PLoS Biol. 2021;19(10):e3001296. https://doi.org/10.1371/journal.pbio.3001296 PMID: 34618803

	42.	 Hunter NB, North MA, Slotow R. The marginalisation of voice in the fight against climate change: The case of Lusophone Africa. Environ Sci Policy. 
2021;120:213–21. https://doi.org/10.1016/j.envsci.2021.03.012

	43.	 Abramo G, D’Angelo CA, Rosati F. Gender bias in academic recruitment. Scientometrics. 2015;106(1):119–41. https://doi.org/10.1007/
s11192-015-1783-3

	44.	 Weisshaar K. Publish and Perish? An assessment of gender gaps in promotion to tenure in academia. Soc Forces. 2017;96(2):529–60. https://doi.
org/10.1093/sf/sox052

	45.	 EF Education First. EF English Proficiency Index. 2020.

	46.	 The World Bank. World Bank list of economies (June 2020). 2020.

	47.	 Yates LA, Aandahl Z, Richards SA, Brook BW. Cross validation for model selection: a review with examples from ecology. Ecol Monogr. 
2023;93(1). https://doi.org/10.1002/ecm.1557

	48.	 R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation for Statistical Computing. 2024. Available 
from: https://www.R-project.org/

	49.	 Wickham H, Averick M, Bryan J, Chang W, McGowan L, François R, et al. Welcome to the Tidyverse. JOSS. 2019;4(43):1686. https://doi.
org/10.21105/joss.01686

	50.	 Ripley B, Venables B, Hornik K, Gebhardt A, Firth D. MASS: support functions and datasets for Venables and Ripley’s MASS. 2013.

	51.	 Hothorn T, Zeileis A, Farebrother RW, Cummins C, Millo G, Mitchell D. lmtest: testing linear regression models. 2022.

	52.	 Auguie B. gridExtra: miscellaneous functions for “grid” graphics. 2017.

	53.	 Fox J, Monette G. cv: Cross-Validating Regression Models. CRAN: Contributed Packages. The R Foundation. 2023. https://doi.org/10.32614/cran.
package.cv

https://doi.org/10.1080/03075079.2020.1861596
https://doi.org/10.1126/science.159.3810.56
https://doi.org/10.1073/pnas.1719557115
https://doi.org/10.1073/pnas.1719557115
http://www.ncbi.nlm.nih.gov/pubmed/29686094
https://doi.org/10.1007/s11192-018-2987-0
https://doi.org/10.1057/s41599-023-02304-7
https://doi.org/10.1007/s13280-012-0339-5
http://www.ncbi.nlm.nih.gov/pubmed/22956451
https://doi.org/10.1371/journal.pbio.3001296
http://www.ncbi.nlm.nih.gov/pubmed/34618803
https://doi.org/10.1016/j.envsci.2021.03.012
https://doi.org/10.1007/s11192-015-1783-3
https://doi.org/10.1007/s11192-015-1783-3
https://doi.org/10.1093/sf/sox052
https://doi.org/10.1093/sf/sox052
https://doi.org/10.1002/ecm.1557
https://www.R-project.org/
https://doi.org/10.21105/joss.01686
https://doi.org/10.21105/joss.01686
https://doi.org/10.32614/cran.package.cv
https://doi.org/10.32614/cran.package.cv
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

