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ARTICLE INFO ABSTRACT
Keywords: Gender imbalance in academia has been confirmed in terms of a variety of indicators, and its
Science of science magnitude often varies from country to country. Europe and North America, which cover a large

Research career

e5ed . fraction of research workforce in the world, have been the main geographical regions for research
Citation practice

on gender imbalance in academia. However, the academia in East Asia, which accounts for a
substantial fraction of research, may be exposed to strong gender imbalance because Asia has
been facing persistent and stronger gender imbalance in society at large than Europe and North
America. Here we use publication data between 1950 and 2020 to analyze gender imbalance in
academia in China, Japan, and South Korea in terms of the number of researchers, their career,
and citation practice. We found that, compared to the average of the other countries, gender
imbalance is larger in these three East Asian countries in terms of the number of researchers and
their citation practice and additionally in Japan in terms of research career. Moreover, we found
that Japan has been exposed to the larger gender imbalance than China and South Korea in terms
of research career and citation practice.

1. Introduction

Gender imbalance persists in many aspects of society. It is present in academia in terms of research performance (Xie & Shauman,
1998, van den Besselaar & Sandstrom, 2016), academic awardees (Lincoln et al., 2012, Lunnemann et al., 2019, Meho, 2021, Card et
al., 2023), faculty hiring (Steinpreis et al., 1999, Moss-Racusin et al., 2012, Sheltzer & Smith, 2014), citations received by researchers
(Caplar et al., 2017), funding applications (Bornmann et al., 2007, Witteman et al., 2019), authorship positions (Lariviére et al., 2013,
Holman et al., 2018), and many more (Llorens et al., 2021). Furthermore, it has been observed that female researchers are more
disadvantaged than male researchers in hiring and promotion processes (Steinpreis et al., 1999, Moss-Racusin et al., 2012, Sheltzer
& Smith, 2014, De Paola & Scoppa, 2015) and that females tend to be less credited than males in research contributions (Ross et al.,
2022). Mechanisms of these gender imbalances are intricately interrelated, complicating the formulation and evaluation of policies
to address gender imbalance in academia (Llorens et al., 2021). Persistent gender imbalance may generate a naive interpretation that
female and male researchers are not equivalent in their research capabilities, which may hamper women’s progression in academia
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and undervalue women’s academic contributions. A growing body of evidence, however, suggests that the gender imbalance may
arise from academic systems (e.g., research career (Holliday et al., 2014, Evers & Sieverding, 2015, Lerchenmueller & Sorenson,
2018, Jadidi et al., 2018, Huang et al., 2020, Liang et al., 2020, Bradshaw et al., 2021, Morgan et al., 2021, Kim et al., 2022,
Sebastidn-Gonzalez et al., 2023)) and practices of individual researchers (e.g., citation practice (Cameron et al., 2016, Caplar et al.,
2017, King et al., 2017, Dion et al., 2018, Nunkoo et al., 2019, Dworkin et al., 2020, Wang et al., 2021, Teich et al., 2022, Kong et
al., 2022, Tekles et al., 2022, Lerman et al., 2022)) rather than from their research performance.

Gender imbalance in academia has been investigated in terms of various indicators. First, it has widely been quantified by the
number of researchers. The number of male researchers has been consistently larger than that of female researchers in various
research disciplines (Holman et al., 2018, Paswan & Singh, 2020, Huang et al., 2020, Chan & Torgler, 2020), across different career
stages (e.g., assistant professors or lecturers (Auriol et al., 2022), full professors (Barabino et al., 2020)), editorial boards (Hafeez
et al., 2019, Palser et al., 2022, Liu & Holme et al., 2023), and academic honorees and awardees (Lincoln et al., 2012, Lunnemann
et al.,, 2019, Meho, 2021, Card et al., 2023). Second, gender imbalance in academia has been investigated in terms of individual
researchers’ careers (Holliday et al., 2014, Evers & Sieverding, 2015, Lerchenmueller & Sorenson, 2018, Jadidi et al., 2018, Huang
et al., 2020, Liang et al., 2020, Bradshaw et al., 2021, Morgan et al., 2021, Kim et al., 2022, Sebastidn-Gonzalez et al., 2023). For
example, gender imbalance in the likelihood of becoming a principal investigator is largely explained by that in the number of
publications in the early career in life sciences (Lerchenmueller & Sorenson, 2018). Another study showed that gender imbalance
in the number of publications in the entire career is largely explained by that in the publishing career length (Huang et al., 2020).
Third, citation practices are subject to gender imbalance (Cameron et al., 2016, Caplar et al., 2017, King et al., 2017, Dion et al.,
2018, Nunkoo et al., 2019, Dworkin et al., 2020, Wang et al., 2021, Teich et al., 2022, Kong et al., 2022, Tekles et al., 2022, Lerman
et al., 2022). For example, male researchers tend to cite their own papers more often than female researchers do (Cameron et al.,
2016, King et al., 2017). As another example, male researchers tend to cite more papers written by male than female researchers
with the difference in the number of papers written by male and female authors being taken into account (Dworkin et al., 2020,
Wang et al., 2021, Teich et al., 2022). Because the number of citations received by a researcher is a basic indicator of their research
performance, gender imbalance in terms of the number of citations received may be associated with other facets of gender imbalance
such as research career. These and other data and analysis results are expected to promote the formulation of policies to improve the
gender imbalance in academia (Llorens et al., 2021, Casad et al., 2021). In this study, we focus on the aforementioned three topics,
i.e., the number of researchers, research careers, and citation practices, among many topics.

In general, gender imbalance in society differs from country to country. Evidence suggests that Asia has been exposed to larger
gender imbalance than Europe and North America. The World Economic Forum (WEF) in 2022 reported that Europe and North
America each has ranked higher than Central Asia, “East Asia and the Pacific”, and South Asia between 2006 and 2022 in terms
of the gender gap index (World Economic Forum, 2022). Therefore, gender imbalance in academia in Asia may be larger than that
in Europe and North America. However, many previous studies (e.g., (Abramo et al., 2013, Morgan et al., 2021, Kwiek & Roszka,
2021b, Abramo et al., 2021, Elsevier, 2021, Kwiek & Roszka, 2021a)) have focused on researchers in Europe and North America for
two main reasons. First, researchers in Europe and North America have been mainly leading advanced research and cover a large
fraction of workforce. For example, the publications from Europe, North America, and Asia received 35.3%, 42.3%, and 17.7%,
respectively, of the approximately 62 million citations made by over eight million publications published between 2003 and 2010
(Pan et al., 2012). In addition, 267 Nobel laureates in Physiology or Medicine, Physics, or Chemistry until 2017 are from Europe, 310
from North America, and only 26 from the Asia-Pacific (Heinze et al., 2019). Second, in general, it is difficult to infer the gender from
Asian names (Santamaria & Mihaljevié, 2018). For this reason, a previous study on gender imbalance made a conservative decision
to exclude researchers working in Asian countries (i.e., China, Japan, Malaysia, North Korea, Singapore, and South Korea) from the
analysis (Huang et al., 2020).

We focus on gender imbalance in academia in China, Japan, and South Korea because they are globally research-active East Asian
countries. Recent research outputs from these three countries are comparable to those from Europe and North America. For example,
the rapid growth of China’s share of research outputs in the world is remarkable (Zhou & Leydesdorff, 2006, Gomez et al., 2022).
Japanese research highly ranked in the world until about 2000, whereas its research capability has been declining in recent years
(National Institute of Science and Technology Policy, 2022). South Korea has ranked high in the world in terms of research and
development expenditure as a percentage of the gross domestic product (The World Bank, 2022) and ranks the sixth of 132 countries
in the global innovation index in 2022 (World Intellectual Property Organization, 2022). Additionally, Times Higher Education
reported that the three countries hold 19 of the top 200 universities listed in the world university ranking 2023 (11 universities in
China, two in Japan, and six in South Korea) (Times Higher Education, 2023). These numbers have largely been growing over recent
years, while European and North American universities are yet dominant in this ranking (e.g., 58 universities in the US, 28 in the
UK, and 22 in Germany) and other rankings. While Singapore also has a high research capability (e.g., it holds two universities that
ranked 19th and 36th in the same ranking), we exclude Singapore because its small number of researchers due to the country size
would make our data analysis difficult.

In the present study, we hypothesize that China, Japan, and South Korea are exposed to larger gender imbalance than other
research-active countries. These countries in East Asia have long faced gender imbalance across a multitude of societal aspects
(Molony et al., 2016). In fact, China, Japan, and South Korea ranked 102nd, 116th, and 99th, respectively, out of 146 countries
in the global gender gap in 2022 (World Economic Forum, 2022). There are a number of previous studies on historical factors
associated with gender imbalance in East Asian societies (Raymo et al., 2015). Furthermore, recent studies provided evidence of
gender imbalance in academia in these three East Asian countries, while it was only in terms of the number of researchers (Lariviere
et al., 2013, Chan & Torgler, 2020, Meho, 2021). For example, all the three countries are included in the bottom 10 among 43



K. Nakajima, R. Liu, K. Shudo et al. Journal of Informetrics 17 (2023) 101460

countries in terms of the proportion of female researchers among the most highly cited researchers (Chan & Torgler, 2020). These
observations motivate us to further compare gender imbalance among the three East Asian countries and the other countries.

We also hypothesize that Japanese academia is exposed to larger gender imbalance than Chinese and South Korean academia.
Japan has been exposed to large gender imbalance across areas of society including industries (Wright et al., 1995), education
(McDaniel, 2010), and politics (Pharr, 1981). In fact, Japan ranks the lowest in the global gender gap in 2022 among the G7
countries as well as in the region of “East Asia and the Pacific” (World Economic Forum, 2022). Moreover, a previous study reported
that women accounted for 31 percent of doctoral graduates in Japan in 2014, where the percentage is the lowest among the 14
countries investigated including China and South Korea (Shin et al., 2018). Such a scarcity of female students is a facet of gender
imbalance in Japanese academia. In addition, previous studies suggested that Japan has a larger gender imbalance in terms of the
number of researchers than other countries including China and South Korea (Lariviére et al., 2013, Holman et al., 2018). However,
gender imbalance among the three East Asian countries is not still well understood beyond in terms of the number of researchers. A
technical barrier here is to collect sufficient samples of gender-assigned researchers in the three East Asian countries based on their
names (Bendels et al., 2018, Elsevier, 2020, Huang et al., 2020).

To test these hypotheses, we use publication data between 1950 and 2020 provided by the OpenAlex project (Priem et al.,
2022) and quantify gender imbalance in the number of researchers, research career, and citation practice of researchers in different
countries including the three East Asian countries. To this end, we use samples of 18,002,917 gender-assigned researchers, with
387,925 researchers in China, 1,267,205 researchers in Japan, 342,452 researchers in South Korea, and 16,005,335 researchers in
the other countries. We discuss limitations of the samples used in our analyses in Section 4.

2. Methods
2.1. Data

We use publication data from a snapshot of OpenAlex released on July 9th, 2022. OpenAlex is an open database of research
publication records, which replaces the discontinued Microsoft Academic Graph (MAG) (Priem et al., 2022). See Section 4 for
potential problems with this data set. We used the 104,169,109 papers that were published between 1950 and 2020 because the
number of academic authors (i.e., those who write academic papers) working in South Korea before 1950 is small. For each paper
z, the publication date, “concepts”, which are research fields of the paper, publication type (e.g., “Journal Article” and “Proceedings
Article”), authors’ IDs, papers cited by z, and author position (i.e., first, middle, or last) are available. We assigned one of the 19
research disciplines to each paper z based on the concepts associated with z (see Supplementary Section S1 for the assignment
method).

2.2. Data preprocessing

We will compare gender imbalance in the research career and citation practice among authors working in China, Japan, and
South Korea. To this end, we infer the gender and nationality of authors from the publication data in various countries.

2.2.1. Identifying unique authors

Author-name disambiguation is a challenging problem in bibliographic data analysis (Ferreira et al., 2012). Like the MAG, the
OpenAlex uses a proprietary algorithm to identify and assign a unique ID to each author using their name, publication record, ci-
tation patterns, and if available, Open Researcher and Contributor ID (ORCID) (Priem et al., 2022). The OpenAlex’s author-name
disambiguation algorithm identified 40,134,800 authors. We assigned one of the 19 research disciplines to each of the 37,921,048
authors (94.5%) based on their papers; we assigned no discipline to the other authors (see Supplementary Section S1 for the assign-
ment method). We also assigned a country to each author based on the country code (i.e., the ISO two-letter country code) associated
with their institutions (see Supplementary Section S2 for the assignment method). As a result, 7,684,496 authors were affiliated with
an institution in China, 2,103,087 authors in Japan, 784,120 authors in South Korea, and 29,563,097 authors in other countries. It
should be noted that this country assignment is distinct from the author’s country of origin, their ethnicity, or the language that their
name is from.

2.2.2. Separating first and last names

We use the first name to infer an author’s gender. However, the author’s name is not explicitly separated into the first and last
names in the OpenAlex data. Therefore, we enumerated candidates of their first and last names as follows. First, we excluded the
112,763 authors (0.3%) with a one-word name, which is presumably due to error in the original data. Then, because different words
in the author’s name are separated by space (e.g., John Smith), we regarded that the last name is the last space-separated word. For
example, the last name of “John Smith” is Smith according to our procedure.

Next, we acquired the candidates of the first name for the authors in China, Japan, or South Korea (i.e., those for whom we
estimated the country to be China, Japan, or South Korea from their affiliations) as follows. Chinese or Japanese names written in
English typically consist of two words separated by space (e.g., Meiling Jiang or Hitomi Yamada). In South Korean names, the first
two or more space-separated words may be their first name. For example, “Gil Dong” may be the first name of the name “Gil Dong
Hong”. Therefore, if the author is in China, Japan, or South Korea and their name consists of k space-separated words, denoted by
wy, Wy, ..., wy, then we use w;, ww,, ..., and w; - w;_, as k— 1 candidates of their first name. For example, the unique candidate of
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the first name for the name “Gildong Hong” is “Gildong”. In contrast, the candidates of the first name for the name “Gil Dong Hong”
are “Gil” and “Gil Dong”.

For the rest of the authors, i.e., those who reside in countries other than China, Japan, and South Korea, we assume that the first
space-separated word of their name is their first name.

2.2.3. Gender of authors

We infer an author’s gender using an application programming interface (API) named the Gender APL! The database constituting
Gender API contains over six million unique names across 191 countries. Gender API has been deployed in previous studies that
investigated gender imbalance in academia (Caplar et al., 2017, Dworkin et al., 2020, Squazzoni et al., 2021, Teich et al., 2022).
Furthermore, its accuracy for Asian names is superior to competing services on a benchmark data set (Santamaria & Mihaljevic,
2018).

We constructed the gender assignment methods that yield at least 90% classification accuracy on the small set of samples with
the ground truth, which we call the test set, as follows. First, when one inputs a first-name candidate to Gender API, it returns
either “female”, “male”, or “unknown”, its ‘accuracy’ (which is a terminology of Gender API and different from the classification
accuracy on the test set discussed below; therefore we put the quotation marks here and in the following text), and the number of
samples of the provided first name in the database. Second, for the authors in either China, Japan, or South Korea, we decided to
feed their country, which is an optional input to the API, in addition to each candidate of their first name. In contrast, for the authors
in the other countries, we fed each candidate of their first name to the API without specifying their country. We used the country
in some cases and not others because the classification accuracy on the test set was higher in this way. Note that we assessed the
classification accuracy of any gender assignment method by manually checking the correctness of the assigned gender on the test
set (see Supplementary Section S3 for the details). Third, we discarded the API's output when the ‘accuracy’ that the API returned
was smaller than 6 or the number of samples was smaller than n,. We then identified the largest ‘accuracy’ value among all the
input first-name candidates that returned female as output. Similarly, we identified the largest ‘accuracy’ value among all the input
first-name candidates that returned male as output. If the former was larger than the latter, we assigned female to the author. If the
former was smaller than the latter, we assigned male to the author. If the former was equal to the latter, then we did not assign
female or male to the author.

We set the 6 and n, values depending on a given author’s country and first publication year. Specifically, for the authors in China,
we set § = 90% and n, = 10 if their first publication year, denoted by y, is 1990 or before; 8 = 99% and n, = 10 if 1991 < y <2000;
0 =99% and n, = 50 if 2001 < y <2010; 6 = 95% and n, = 10 if 2011 < y < 2020. For the authors in Japan, we set § = 99% and n, = 10
if y <1990, and 6 = 90% and n, = 10 if 1991 < y <2020. For the authors in the other countries including South Korea, we set § = 90%
and n; = 10 for any y. With this choice, the classification accuracy on the test set is at least 90% for each pair of the country (i.e.,
China, Japan, South Korea, and the other countries) and the year group (i.e., (i) y <1990, (ii) 1991 < y <2000, (iii) 2001 < y <2010,
and (iv) 2011 < y <2020).

In this manner, we assigned a binary gender to 18,002,917 (with 6,485,368 females) out of the 40,134,800 authors, with 387,925
authors (with 89,838 females) in China, 1,267,205 authors (with 216,579 females) in Japan, 342,452 authors (with 44,257 females)
in South Korea, and 16,005,335 authors (with 6,134,694 females) in the other countries. The fractions of gender-assigned authors are
5.0% (~ 387,925/7,684,496), 60.2% (~ 1,267,205/2,103,087), 43.7% (~ 342,452/784,120), and 54.1% (~ 16,005,335/29,563,097)
in China, Japan, South Korea, and the other countries, respectively. The fraction of gender-assigned authors is low for our Chinese
samples. Therefore, our Chinese samples may lack representativeness compared to the samples from Japan, Korea, and the other
countries. We discuss this limitation in Section 4. The authors in the top 31 countries in terms of the number of gender-assigned
authors collectively account for 90.0% of the number of gender-assigned authors in “the other countries” category. In descending
order in terms of the number of gender-assigned authors, these countries are US, UK, Germany, Brazil, France, India, Canada, Spain,
Italy, Australia, Islamic Republic of Iran, Netherlands, Switzerland, Mexico, Russian Federation, Poland, Turkey, Sweden, Indonesia,
Belgium, Egypt, Colombia, Israel, Denmark, Austria, Pakistan, Czechia, Greece, Argentina, Finland, and Malaysia.

2.2.4. Nationality of authors

A Japanese author and a foreign author in Japan may be subject to different degrees of gender imbalance. To examine this
possibility, we used an API named Nationalize.io? to infer the nationality of the authors in China, Japan, or South Korea. For a
given first or last name, Nationalize.io returns the candidates of the nationality of the person and their probabilities. The database
constituting Nationalize.io contains approximately 114 million names across many countries.

For each author u, we ran Nationalize.io separately with u’s last name as input and with each candidate of ’s first name as input.
For each input, Nationalize.io returned up to five nationality candidates with the largest probabilities. Denote by ¢ the country in
which u resides (i.e., China, Japan, or South Korea). If Nationalize.io outputs ¢ as a candidate of «’s nationality and its probability is
at least 0.9 for at least one candidate of u’s first name or «’s last name, we set ¢ as u’s nationality and therefore regard that u is a native
author (i.e., those who work in the country where they have nationality) in country c. In contrast, we regard that u is a non-native
author if the probability of country ¢ is not greater than 0.1 for all candidates of ’s first name and u’s last name. Specifically, we
do so if at least one of the following three criteria is met for each of the author’s name words as input: (i) Nationalize.io outputs

1 https://gender-api.com/en/ (Accessed December 2022).
2 https://nationalize.io/ (Accessed December 2022).
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¢ as a candidate of the nationality and its probability is 0.1 or smaller; (ii) Nationalize.io does not output ¢ as a candidate of the
nationality, and the smallest probability of the country in the output of Nationalize.io is at most 0.1, or (iii) Nationalize.io does not
output ¢ as a candidate, and the sum of the probabilities associated with all the output countries is at least 0.9. Note that, if criterion
(ii) or (iii) is met, then the probability of nationality ¢ is at most 0.1 because the API returns up to five nationality candidates with
the largest probabilities. Otherwise, we regarded the author to be neither native nor non-native to the country.

For example, if the author’s name is “Hitomi Yamada”, we separately input “Hitomi” and “Yamada” to Nationalize.io. Suppose
that Nationalize.io returns the following nationalities and their probabilities: {(Japan, 0.80), (China, 0.05)} for “Hitomi” and {(Japan,
0.91), (Thailand, 0.02), (Vietnam, 0.01)} for “Yamada”. If the author is in Japan, we regard that the author is a Japanese native
because the probability of Japan given “Yamada” is larger than 0.9. In contrast, if Hitomi Yamada is in China, we regard that the
author is non-native because the output for the input name “Hitomi” satisfies criterion (i) and that for the input name “Yamada”
satisfies criteria (ii) and (iii).

Among the gender-assigned authors, we found 131,372 native and 13,700 non-native authors in China, 1,179,036 native and
17,030 non-native authors in Japan, and 200,325 native and 6,338 non-native authors in South Korea. Note that many authors are
not assigned to be native or non-native.

2.3. Characterizing gender imbalance in research career

We characterize the career of author u using the five indicators proposed in (Huang et al., 2020): (i) total productivity defined
as the number of papers authored by u; (ii) total impact defined as the sum of the citation impact across papers authored by u (see
Supplementary Section S4 for the definition of citation impact of a paper); (iii) career length defined as the difference between the
publication dates of the first and last papers authored by u, which we divide by 365; (iv) annual productivity defined as the ratio
of u’s total productivity to u’s career length; (v) number of coauthors defined by the number of authors that coauthored at least one
paper with u.

For the combination of an indicator and a set of authors, we define the gender gap by (up — sy / iy, Where pp and py; denote the
mean value of the indicator for the female and male authors in the set, respectively. A positive gender gap value implies that females
have stronger careers than males in terms of the indicator used, and vice versa.

2.4. Characterizing gender imbalance in citation practice

We quantify gender imbalance in citation practice of authors in China, Japan, South Korea, and the other countries using the
methods developed in (Dworkin et al., 2020). We focus on citations between pairs of papers among the 27,616,941 papers for each
of which both the first and last authors have the same country, including the case of a country other than China, Japan, and South
Korea. We denote by S the set of all the papers. We identify four categories, i.e., MM, MW, WM, and WW, based on the gender of the
first and last authors, where the first letter, M or W, indicates that the first author is male (man) or female (woman), respectively,
and the second letter indicates the gender of the last author. We classify single-author papers to the MM or WW category.

Consider two subsets of papers denoted by .Sg,,, € S and S, € S. We measure the extent to which the papers in Sg,;,, over- or
under-cite the papers in S;, and in a given gender category (i.e., MM, MW, WM, or WW). To this end, for each paper z € Sg,,r,, We
focused on citations made by z to each paper z’ € S, such that (i) the publication date of z’ is at most ten years older than that of z
and (ii) both first and last authors of z’ are neither the first nor last author of z. The original method used all the citations made by z
to any papers published before z to investigate gender imbalance in citation practice (Dworkin et al., 2020). In contrast, a previous
study adopted criterion (i) to measure gender imbalance in the research career (Huang et al., 2020). We adopt criterion (i) because
in this manner we can simultaneously examine gender imbalance in research career and citation practice with the same data. We
impose criterion (ii) to avoid self-citations. We denote by S,,(z) the set of the papers that meet criteria (i) and (ii) for a given paper
Z.

Given a gender category g € {MM, MW, WM, WW}, we first count the citations made by each paper z € Sg,,, to the papers in
Si(z) and in gender category g, which we denote by N4 obs- Then, we compare Y. . Seom Mz—g.0bs With the expectation under the
so-called random-draws model (Dworkin et al., 2020). The random-draws model assumes that ¢, papers cited by paper z € Sg,,, are
drawn from S\, (z) uniformly at random, where ¢, is the number of citations made by z to the papers in S,,(z). Then, the expected
number of citations that the papers in S,,(z) and in gender category g receive from z under the random-draws model, denoted by
¢ rand> 1S €qual to c,p, ., where p, . is the fraction of the papers that are in both Sio(z) and g. We sum ;g rand OVEr z, which
yields the expected number of citations received by the papers in both .S, and g. Then, we calculate the over/under-citation of the
papers that belong to both .S, and g as (ZzeSfmm Nz—g.0bs ~ ZZESfrom g rand)/ ZZESfrom Mz grand-

Previous studies additionally deployed another reference model, called the relevant characteristics model, for calculating the
expected number of citations (Dworkin et al., 2020). We do not use this method because the Newton’s method to determine the
smoothing parameters does not sufficiently converge due to a huge number of papers. Therefore, the present study reports the
over/under-citation obtained using the random-draws model.
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Fig. 1. Counts of authors in China, Japan, South Korea, and the other countries. (a) Number of authors between 1990 and 2020. (b) Fraction of female authors
between 1990 and 2020.

3. Results
3.1. Gender imbalance in research career

We first examine gender imbalance in the set of authors in China (i.e., their country of affiliation was estimated to be China),
Japan, South Korea, and the other countries. We identified 7,684,496 authors in China, 2,103,087 authors in Japan, 784,120 authors
in South Korea, and 29,563,097 authors in the other countries. In each country group, the number of authors has increased from
1990 to 2020, in particular in China (see Fig. 1(a)); by definition, we counted the authors who had published their first paper in
each given year. Among these authors, we were able to assign a binary gender to 387,925 authors in China, 1,267,205 authors in
Japan, 342,452 authors in South Korea, and 16,005,335 authors in the other countries. The fractions of female authors are 23.2%,
17.1%, and 12.9% in China, Japan, and South Korea, respectively. The ranking among the three East Asian countries in our data set
is consistent with previous results (Chan & Torgler, 2020, Meho, 2022). These fractions are smaller than that for the other countries
in our data set (i.e., 38.3%). As a reference, the fraction for 83 countries excluding China, Japan, and South Korea was 28.5% in
a previous study (Huang et al., 2020). The fraction of female authors is the highest in psychology and the lowest in engineering
among the 19 disciplines in the three East Asian countries, whereas it is the highest in sociology and the lowest in physics in the
other countries (see Supplementary Section S5 for details). The fraction of female authors has increased over the three decades in
each country group (see Fig. 1(b)). Specifically, while female authors represented 16.4%, 6.4%, 3.4%, and 28.2% in China, Japan,
South Korea, and the other countries, respectively, in 1990, the fraction increased to 24.8%, 22.2%, 19.5%, and 45.4% in 2020. The
fractions for China, Japan, and South Korea have been smaller than that for the other countries over the three decades (see Fig. 1(b)).

We now compare gender imbalance in the research career among different countries. In the remainder of this subsection, we
focus on the gender-assigned authors in each country group (i.e., China, Japan, South Korea, or the other countries) who meet the
following criteria: (i) they publish at least two papers, (ii) the difference between the publication dates of their first and last papers
is more than 365 days, (iii) they publish fewer than 20 papers per year on average, and (iv) their last publication date is on or before
December 31st, 2015. Criteria (i)—(iii) are the same as those employed in (Huang et al., 2020). We extended the year of the last
publication in criterion (iv) from 2010, which was used in (Huang et al., 2020) given that the last year that their data set covered
was 2016, to 2015 given that the last year that our data set covers is 2020. There are 17,813 such authors (with 20.3% being females)
in China, 327,946 (14.0% females) in Japan, 57,466 (9.8% females) in South Korea, and 2,544,059 (33.4% females) in the other
countries.

We have found that the authors in Japan are exposed to a notably larger gender gap in terms of the total productivity than those
in “the other countries” group, whose gender gap is larger than those in China and South Korea (see the bars labeled “Overall” in
Fig. 2(a)). These results persist when we compare the top 20% female authors and the top 20% male authors in each country group
(see the bars labeled “Top 20%” in Fig. 2(a)). When we compare the middle 20% females and the middle 20% males in each country
group, the gender gap is almost eliminated for China and South Korea but remained for Japan and the other countries (see the bars
labeled “Middle 20%” in Fig. 2(a)). Last, there is no gender gap between the bottom 20% females and the bottom 20% males in
each country group (see the bars labeled “Low 20%” in Fig. 2(a)). Our results for China and South Korea including the magnification
of the gender gap in the “Top 20%” authors and its suppression in the middle and bottom groups of authors are similar to those
in a recent study analyzing 83 countries although that study excluded China, Japan, and South Korea (Huang et al., 2020). All
the non-zero differences between the two genders shown in Fig. 2(a) are significant (see Supplementary Section S6 for statistical
results).

In terms of the total impact of an author, we have observed qualitatively different results (see Fig. 2(b)). Female authors receive
more citations than male authors on average in China and South Korea and vice versa in Japan and the other countries. These results
remain qualitatively the same when we compare the top 20% females and the top 20% males in each country group. In contrast, in
the comparison between the middle 20% females and the middle 20% males, and between the bottom 20% females and the bottom
20% males, the females receive more citations than the males in each country group. All these gender gaps are statistically significant
(see Supplementary Section S6). Our results for China and South Korea are different from the previous results (Huang et al., 2020) in
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Fig. 2. Gender imbalance in the research career for the authors in China, Japan, South Korea, and the other countries. (a) Total productivity. (b) Total impact.
(c) Annual productivity. (d) Career length. In each panel, the gender gap for all authors in the country group, top 20%, middle 20%, and bottom 20% authors are
shown. For example, the top 20% refers to the gender gap between the top 20% females and the top 20% males in the country group.

that the overall and top 20% females receive more citations than the males in China and South Korea in ours. Our results for Japan
and the other countries are consistent with the previous results (Huang et al., 2020).

For further investigation of the gender gap in total productivity, we decompose the total productivity of each author into the
product of their annual productivity and career length (Huang et al., 2020); the career length is defined as the difference between
the first and last publication dates. We have found a small gender gap in the annual productivity of the authors in each country
group (see Fig. 2(c)). The gender gap remains small in the comparison between the top 20% females and the top 20% males in each
country group as well. Consistent with these results, many of the gender gaps shown in Fig. 2(c) are statistically insignificant (see
Supplementary Section S6). These results are consistent with the previous results (Huang et al., 2020).

The lack of gender gap in annual productivity in each country group suggests that the country-to-country difference in the gender
gap in total productivity may be ascribed to that in career length. As expected, the gender gap in the career length is present in
each country group both when we compare all females and males and when we compare the top 20% authors of each gender (see
Fig. 2(d)). All the non-zero gender gaps shown in Fig. 2(d) are significant (see Supplementary Section S6). The gender gap in the
career length is the strongest in Japan, then “the other countries” group, South Korea, and the weakest in China. This result is also
expected because the annual productivity is roughly free of the gender gap and the gender gap in the total productivity is also the
strongest in Japan, then “the other countries” group, South Korea, and the weakest in China. The presence of a gender gap in career
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Fig. 3. Gender imbalance attributed to the author’s nationality or author’s position in the author list. (a) Native versus non-native authors. (b) Any eligible papers
versus those in which the author occupies a prominent position.

length for the overall and top 20% authors by gender in each country group is consistent with the previous results (Huang et al.,
2020).

To sum up, we found that the gender gaps in terms of the four indicators in each country group are overall similar to the previous
results (Huang et al., 2020) and that these gender gaps are the largest in Japan, then “the other countries” group, South Korea, and
weakest in China.

Gender imbalance may be different between native and non-native authors in a country. For example, Chinese authors working in
China and foreign authors working in China may be exposed to different levels of gender imbalance. Therefore, we compare gender
imbalance between “native” authors and “non-native” authors in China, Japan, and South Korea. There are 4,915 natives (with
20.7% females) and 974 non-natives (with 25.6% females) in China; 311,550 natives (with 13.2% females) and 2,858 non-natives
(with 19.0% females) in Japan; and 32,144 natives (with 13.0% females) and 666 non-natives (with 17.7% females) in South Korea.
We compare the four indices of gender gap between native and non-native authors in China, Japan, and South Korea in Fig. 3(a). The
figure suggests that non-native females tend to be at more disadvantage than native females in China. In contrast, in Japan, native
females tend to be at more disadvantage in terms of research career than non-native females except in terms of annual productivity.
The results for South Korea are, roughly speaking, intermediate between those for China and Japan. These results suggest that natives
and non-natives perceive different gender imbalance and how they do so depends on countries even within East Asia.

While we have been ignorant of the author’s position, a previous study suggested that female authors are less likely to appear in
the prominent author position (i.e., the first- or last-author position or sole author) (Lariviére et al., 2013, West et al., 2013); authors
in these positions generally play main roles in the research and writing of the paper in many research disciplines. To investigate
whether gender imbalance depends on the author position, we now restrict the set of papers for each author u to those in which u
is in the prominent position. Then, using the restricted set of papers, we examine whether or not u meets the same four criteria for
filtering the authors. Note that u may not satisfy the criteria after we restrict the papers in this manner even if u satisfies the same
criteria based on the entire set of papers (e.g., u has written papers but never as prominent author). After removal of the authors
that do not satisfy the four criteria as prominent author, there are 10,180 authors (with 15.4% females) for China, 185,874 authors
(with 10.2% females) for Japan, 31,936 authors (with 8.3% females) for South Korea, and 1,825,707 authors (with 29.4% females)
for the other countries. The gender gap qualitatively remains the same in each country group when one calculates the four indicators
of research career only using the papers in which u is in the prominent position (see Fig. 3(b)). In other words, females publish fewer
papers, receive more citations in China and South Korea but fewer citations in Japan and the other countries, and have shorter career
lengths than males, and the annual productivity is similar between the females and males. Furthermore, female authors tend to be
at more disadvantage in the prominent author position than in any author position in all the country groups, except in terms of the
career length for China (see Fig. 3(b)).

Among our research performance indicators (i.e., total productivity, total impact, and annual productivity), we have observed
gender imbalance in the total productivity and total impact. Prior research showed that gender imbalance in the career length (Huang
et al., 2020) and that in the number of coauthors (Li et al., 2022) explain most of the variance in the research performance. To test
the existence of similar correlates in each country group, we carry out matching experiments (Huang et al., 2020, Li et al., 2022)
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Fig. 4. Gender imbalance in research performance after controlling for the career length or the number of coauthors. (a) Total productivity. (b) Total impact. Each
panel shows the results of the matching experiment in which the author’s career length (CL) and/or their number of coauthors (NC) are controlled in addition to
their country group, year of the first publication, and research discipline. The bar labeled “No control” in each panel is identical to that labeled “Overall” for the
corresponding indicator and country group in Fig. 2.

in which the gender gap in terms of the career length or number of coauthors is eliminated. We generate the three matched sets of
authors as follows. For each female author, we select without replacement a male that has the same country group, the same year
of the first publication, the same discipline, and the same career length in the case of the first matched set. For the second matched
set, we impose that the matched male author has the same number of coauthors instead of the same career length as the female
author. For the third matched set, we impose that the matched male author has both the same career length and the same number
of coauthors. In these matching experiments, we do not use the authors to whom a research discipline has not been assigned. Then,
we measure the gender imbalance within each set.

We have found that the gender gaps in both total productivity and total impact have drastically decreased after controlling for
either the career length or the number of coauthors in all the country groups, except for total impact for China and South Korea (see
Fig. 4). When we only use the papers in which the author is in the prominent position, the gender gaps have considerably decreased
in the matching experiments in all the country groups (see Supplementary Section S7 for details). Therefore, consistent with the
previous results (Huang et al., 2020, Li et al., 2022), both the career length and the number of coauthors seem to be key contributors
to the gender imbalance in the total productivity and total impact of authors in East Asia as well as in other countries. Moreover,
the gender gaps in total productivity and total impact little decrease after controlling for both the career length and the number
of coauthors compared with controlling for just one of them. These results suggest that the author’s career length and number of
coauthors are correlated. In fact, the Pearson correlation coefficient between the career length and the number of coauthors of the
authors is roughly 0.4 for each country group (see Supplementary Section S8 for details).

3.2. Gender imbalance in citation practice

The gender imbalance in research performance may owe not only to differences between females and males in their research
career, such as the career length and the number of coauthors, but also those in citation practices (Ferber, 1988, King et al., 2017,
Lerman et al., 2022). Therefore, we compare gender imbalance in citation practice between authors in each country group in this
section. We use the 27,616,941 papers each of which falls into four gender categories (i.e., MM, MW, WM, or WW) and has the first
and last authors in the same country group (i.e., China, Japan, South Korea, or the other countries). Note that we regard sole-author
papers by males and females as MM and WW papers, respectively. There are 66,569 papers (i.e., 53,918 MM, 2,451 MW, 3,945 WM,
and 6,255 WW papers) available for this analysis from China, 1,741,061 papers (i.e., 1,547,977 MM, 38,199 MW, 130,235 WM, and
24,650 WW papers) from Japan, 248,388 papers (i.e., 212,509 MM, 6,507 MW, 23,999 WM, and 5,373 WW papers) from South
Korea, and 25,560,923 papers (i.e., 16,240,956 MM, 2,000,691 MW, 3,546,901 WM, and 3,772,375 WW papers) from the other
countries.

We now compare gender imbalance in citations made by authors in China, Japan, South Korea, and the other countries. We first
count the number of citations made by any papers from each country group to any papers in each gender category (i.e., MM, MW,
WM, and WW). Then, we compare the obtained citation counts with the expected numbers for the random-draws model, which
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Fig. 5. Gender imbalance in citations made by papers whose authors are in China, Japan, South Korea, and the other countries. (a) All papers. (b) MM papers. (c) MW
papers. (d) WM papers. (e) WW papers.

assumes that each paper cites other papers uniformly at random. We have found that main patterns of over/under-citation of papers
in each gender category is qualitatively the same in China, Japan, and South Korea; papers published in these countries over-cite
MM and WM papers and under-cite WW papers (see Fig. 5(a)). The degree of these over/under-citations is weaker in China than
in Japan and South Korea, and slightly larger in Japan than in South Korea (see Fig. 5(a)). Compared with the three East Asian
countries, the papers published in the other countries cite less MM papers and more MW, WM, and WW papers (see Fig. 5(a)). Our
results of the over-citation of MM papers, which is observed for China, Japan, and South Korea, and the under-citation of WW papers,
which is observed for any country group, are consistent with those in previous studies that examined papers from different countries
altogether (Dworkin et al., 2020, Fulvio et al., 2021, Wang et al., 2021).

The amount of over/under-citation made by the papers in each gender category is qualitatively similar among China, Japan, South
Korea, and the other countries, which we summarize as follows. First, the MM papers over-cite MM and WM papers and under-cite
WW papers (see Fig. 5(b)). Second, the MW papers under-cite MM and WW papers and over-cite MW and WM papers (see Fig. 5(c)).
The WM papers from each country group also show qualitatively the same citation practice (see Fig. 5(d)). Therefore, the MM, MW,
and WM papers from each country group under-cite WW papers on average. Third, in contrast, the WW papers under-cite MM papers
and over-cite MW, WM, and WW papers (see Fig. 5(e)). These results are consistent with the previous results for papers published
from any countries on neuroscience in that MM, MW, and WM papers under-cite WW papers and that WW papers under-cite MM
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papers and over-cite WW papers (Dworkin et al., 2020, Wang et al., 2021). Fourth, papers in any gender category of author tend
to cite WM papers more than MW papers (see Figs. 5(b)-(e)). In sum, we observe consistent gender imbalance with which papers
involving males in a prominent position tend to over-cite male papers, broadly defined, and papers in which the first and last authors
are both females tend to over-cite female papers.

Fig. 5 also reveals differences in over/under-citation behavior among the four country groups. First, in any gender category of
author, papers from the three East Asian countries under-cite WW papers and over-cite MM papers more strongly than those in the
other countries, except for the MM papers from China. Second, papers from the three East Asian countries under-cite MW and WM
papers more strongly than in those in the other countries, while we do not have active interpretation of this result. Third, among the
three East Asian countries, in any gender category of author, Japanese and South Korean papers under-cite WW papers more strongly
than Chinese papers.

Citation practice is often subject to country bias. For example, health professionals in the US and UK tend to over-cite articles
published in a medical journal of their own countries (Campbell, 1990); in nanotechnology, Chinese authors are more likely to cite
each other than US authors do (Tang et al., 2015). Motivated by these previous findings, we hypothesize that papers from China,
Japan, and South Korea cite papers from the same country in a different gender-biased manner compared to when citing papers
from the other countries. To investigate this possibility, we decompose citations made by the papers from each country into domestic
citations (i.e., citations to the papers published in the same country as the authors’) and foreign citations (i.e., citations to the papers
published in different countries), and calculate gender imbalance separately for domestic and foreign citations for each country.

It turns out that patterns of the over/under-citations for the foreign citations are qualitatively the same as those for the overall
citations (see Fig. 5 and Supplementary Fig. S3). This result is expected because the foreign citations are yet dominant in China,
Japan, and South Korea; they account for 98.2% of the overall citations in China, 77.8% in Japan, and 93.4% in South Korea. We
now turn to domestic citations made by the papers from China, Japan, and South Korea. First, while the papers from China under-cite
WW papers on average (see Fig. 5(a)), they over-cite WW papers from China (see Supplementary Fig. S2(a)). Second, papers in any
gender category and any country are more likely to cite WW papers from the same country than they cite WW papers from any
country, except for MM papers from Japan (see Figs. 5(b)-(e) and Supplementary Figs. S2(b)-(e)). Third, WW papers from each
country are more likely to cite papers involving female authors in a prominent position (i.e., MW, WM, or WW papers) in the same
country than they cite those in any country (see Fig. 5(e) and Supplementary Fig. S2(e)). In fact, on average, the WW papers from
China, Japan, and South Korea over-cite the MW, WM, or WW papers from the same country at least twice more than they over-cite
the MW, WM, or WW papers in general. In particular, the WW papers from Japan and South Korea over-cite the WW papers from
the same country 56.8 and 35.8 times, respectively, more than they over-cite WW papers in general. These results are also consistent
with the previous findings that authors tend to cite papers from the same country (Campbell, 1990, Bakare & Lewison, 2017, Baccini
et al., 2019) and that the author’s gender and another variable (e.g., authors’ race and country) can have combined effects on gender
imbalance in citation behavior (Kozlowski & Lariviére et al., 2022, Zheng et al., 2023).

4. Discussion

In this study, we hypothesized that China, Japan, and South Korea are exposed to larger gender imbalance in academia than other
countries. Therefore, we compared gender imbalance among authors in the four country groups (i.e., China, Japan, South Korea,
and the other countries). We found that the fractions of female authors in China, Japan, and South Korea are smaller than that in
the other countries. We also found that the gender imbalance in research career is notably larger in Japan and is present but weaker
in China and South Korea than in the other countries. In terms of citation practice, papers from the three East Asian countries are
more likely to under-cite WW papers (i.e., papers in which women occupy the prominent author positions) than those in the other
countries do. These results are largely consistent with the previous results in that Asian countries tend to be exposed to larger gender
imbalance in academia than other countries (Lariviére et al., 2013, Holman et al., 2018, Bendels et al., 2018, Thelwall et al., 2019,
Chan & Torgler, 2020, Elsevier, 2020, Meho, 2022, El-Ouahi & Lariviere, 2022). Because East Asia accounts for a substantial fraction
of research expenditure, number of researchers, and research output in the world, gender imbalance in academia in East Asia is
considered to affect our understanding of the global landscape of gender imbalance in academia.

We also hypothesized that Japan is exposed to larger gender imbalance in academia than China and South Korea. We compared
the gender imbalance among authors in China, Japan, and South Korea aided by a unified and high-accuracy gender assignment
method. In our data set, the fraction of female authors was the largest in China and smallest in South Korea; in previous studies,
it was the largest in China (Lariviére et al., 2013, Holman et al., 2018, Chan & Torgler, 2020, Meho, 2022) and the smallest in
Japan (Lariviére et al., 2013, Holman et al., 2018) or South Korea (Chan & Torgler, 2020, Meho, 2022). Therefore, our results are
roughly consistent with theirs. We also found that the gender imbalance in research career and the degree of under-citation of any
WW papers are larger in Japan than in China and South Korea. Haghani et al. suggested that gender imbalance in total productivity
has been larger in Japan than in South Korea between 2006 and 2020 (Haghani et al., 2022), which is consistent with our results.
Due to a poor accuracy at identifying the gender from East Asian names, other studies either failed to sample a sufficient number of
gender-assigned researchers in the three East Asian countries or excluded those researchers in an early stage of their analysis (Bendels
et al., 2018, Elsevier, 2020, Huang et al., 2020). In contrast, we addressed this technical barrier to comprehensively compare gender
imbalance in the academia of three East Asian countries in terms of the number of researchers, research career, and citation practice
of individual researchers. Our results are a significant addition to the previous studies that examined the three countries but only in
terms of the number of researchers.
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For bibliographic data analysis involving gender comparison, one usually needs to identify authors’ gender from their names
(Lariviere et al., 2013, West et al., 2013, Huang et al., 2020). This task is difficult for East Asian names (Bendels et al., 2018,
Santamaria & Mihaljevié, 2018, Jadidi et al., 2018). We built an algorithm to detect the gender of Chinese, Japanese, and Korean
names with a classification accuracy of at least 90% on our benchmark data. In the course of parameter tuning, we found that, given
the parameter values, the classification accuracy depends on the era, which is quantified by the year of the first publication, as well
as the country. For example, for the authors in China, we needed to impose a higher threshold of ‘accuracy’, §, when the names of
more recent than old authors are input. This phenomenon implies that the gender of more recent Chinese names is more difficult to
detect. In contrast, it was more difficult to detect the gender of older than more recent authors in Japan. We also observed that tuning
the threshold on the number of samples in the database, n,, can improve the accuracy of gender inference for East Asian names;
other studies used the same technique before for author names from various countries (Thelwall, 2020, Meho, 2022). Despite our
efforts, the fraction of gender-assigned authors in China (i.e., 5.0%) was much lower than that in Japan and South Korea (i.e., 60.3%
and 43.7%, respectively). Therefore, our Chinese data may not be representative of the entire population of Chinese researchers.
It is notably difficult to infer gender from Chinese names written in English (Karimi et al., 2016, Bendels et al., 2018, Elsevier,
2020). In fact, previous studies failed to collect sufficiently many samples of Chinese gender-assigned authors when their names
were written in English (Holman et al., 2018, Bendels et al., 2018). Another study used 31,150 samples of Chinese gender-assigned
authors whose names were written in Mandarin (Elsevier, 2020). The fraction of the gender-assigned authors in the latter study was
40.7% (~ 31,150/76,627), which is much larger than the fraction for our Chinese samples. Similarly, case studies in Italy (Abramo et
al., 2021), Norway (Abramo et al., 2021), and Poland (Kwiek & Roszka, 2021b) exploited the researcher’s gender provided by local
academic databases to enhance the accuracy of gender assignment. Given these motivating results, investigating gender imbalance
in Chinese academia using data with names and other information in the Chinese language warrants future work.

We did not systematically examine different gender inference tools. We employed Gender API, which yielded the highest accuracy
on average for Asian names on a benchmark data set (Santamaria & Mihaljevié, 2018). In fact, there are more recent developments
in gender inference tools. For example, Van Buskirk et al. developed an open-source gender inference tool built on publicly available
data spanning over 150 countries and more than a century (Van Buskirk et al., 2023). Antonoyiannakis et al. proposed a gender
inference method to address the issue of overestimating the gender likelihood for rare names by relaxing a conventional sampling
assumption on names (Antonoyiannakis et al., 2023). Combining our gender-inference algorithm with such tools may improve the
accuracy of gender inference for East Asian names. However, we should also note that the accuracy of gender inference tools is
approaching a plateau (Van Buskirk et al., 2023) and that error rates are heterogeneously distributed for names with different
languages, races, and ethnicities (Lockhart et al., 2023), which both pose challenges.

Recent studies suggested that the strength of gender imbalance varies by the academic author’s race and ethnicity (Bertolero et
al., 2020, Kozlowski & Lariviére et al., 2022). Similar to these studies, we found that the strength of gender imbalance is partially
attributed to the author’s nationality (i.e., the author’s country of origin inferred from their first name) in the three East Asian
countries. Alesina et al. introduced “ethnic inequality” measured by within-country differences in well-being across ethnic groups
and compared it across 173 countries including the three East Asian countries (Alesina et al., 2016). Their results suggested that
ethnic inequality is much larger in China than in Japan and South Korea. It may be fruitful to measure ethnicity inequality in
academia and investigate interaction between gender imbalance and ethnicity inequality in academia in East Asia and elsewhere. On
the other hand, inferring an author’s race, ethnicity, or nationality may incur a bias. In fact, a recent study found that thresholding-
based approaches to inference of races from the author’s name are not accurate (Kozlowski & Murray et al., 2022). The accuracy of
inferring the author’s nationality may be similarly compromised for some nations in our samples. Detailed analyses of biases in the
inference of author’s nationality warrant future work.

There remains a long-standing need to collect and analyze data on gender representation across different aspects of academia
and to evaluate policy interventions aiming at improving gender imbalance (Llorens et al., 2021). We limited our analyses to gender
imbalance in academia in terms of the number of researchers, research careers, and citation practices, among many issues and
indices. Other issues include gender diversity in research teams (Macaluso et al., 2016, Yang et al., 2022, Ross et al., 2022, Zheng &
Li et al., 2022), research careers of female researchers who have children (Morgan et al., 2021, Zheng & Yuan et al., 2022, Sebastian-
Gonzalez et al., 2023), associations between gender, race, and ethnicity imbalances in academia (Bertolero et al., 2020, Kozlowski
& Lariviéere et al., 2022), which we discussed above, underrepresentation of female researchers in peer-review processes (Fox et al.,
2016, Helmer et al., 2017, Murray et al., 2019, Squazzoni et al., 2021), and gender imbalance in terms of the effects of the COVID
pandemic around 2020 on research careers (Myers et al., 2020, Minello et al., 2021, Deryugina et al., 2021).

Quantitative tracking tools for addressing gender imbalance in academia have also been proposed (Llorens et al., 2021). Examples
include recent efforts to address gender imbalance in citation practices of individual authors using a so-called Citation Diversity
Statement and cleanBib tool (Zhou et al., 2020, Zurn et al., 2022). The Gender Balance Assessment Tool is a tool to quantify gender
imbalance in words appearing in documents (e.g., a conference program) (Sumner, 2018). NamePrism is a tool to infer the ethnicity,
nationality, or race from a given name (Ye et al., 2017). Such tools are expected to promote our quantitative understanding of
gender imbalance in academia. For example, Ruzycki et al. used the tool proposed in (Sumner, 2018) to quantify gender imbalance
in speakers at major academic medical conferences held in Canada and the United States between 2007 and 2017 (Ruzycki et al.,
2019). Webber et al. also used the same tool to quantify gender bias in words within documents on evaluations of pediatric faculty
(Webber et al., 2022). Liu et al. used NamePrism to quantify race imbalance in editorial board members of journals published by six
publishers (Liu & Rahwan et al., 2023). Deploying these and similar tracking tools to investigating regional differences in gender and
race imbalance in academia may be fruitful.
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Our study has additional limitations. First, when analyzing the research career, we focused on the authors whose last publication
year was 2015 or earlier. Therefore, our data set may not reflect recent efforts to support the academic participation of women in
East Asian countries (e.g., China (Ma et al., 2018), Japan (Osumi, 2018), and South Korea (Lau, 2020)). Moreover, recent changes in
academic environments in China are remarkable, as evidenced by the rapid growth of research outputs (Zhou & Leydesdorff, 2006,
Xie et al., 2014, Gomez et al., 2022), the number of doctoral students (Cao et al., 2019), and the number of researchers who returned
to China after receiving academic training in foreign countries (Cao et al., 2019). Because we needed to discard many researchers in
China because of the difficulty in gender identification, further work is needed to verify our findings on China. Second, we only used
the OpenAlex database. Because OpenAlex is a successor of MAG, our results may be biased due to the problems that the MAG had.
For example, MAG database covers a larger number of publications but misses more citations than other data (e.g., Scopus and Web
of Science) do (Visser et al., 2021). Third, our analysis only focused on researchers writing academic papers. A recent study suggested
that Japanese children acquire the gender stereotype to associate brilliance with males after they start to go to school (Okanda et al.,
2022). It is also important to investigate gender imbalance in wider education than has been investigated in the present study (e.g.,
(Evans et al., 2021)). Fourth, statistical modeling including that for comparing the results among countries may help us to identify
further features of gender imbalance in East Asian academia. Addressing these and other limitations is expected to help us better
quantify and improve gender imbalance in academic systems and in practices of individual researchers.
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