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Abstract

In academia, manuscripts serve as an important component of career development. The past
several years have seen heightened evaluation of the role of the gender gap in career advancement,
as well as other bibliometric changes in publications. We therefore analyzed authorship and
publication trends in the Annals of Biomedical Engineering over the past three decades (one
complete year of manuscripts for each decade; 1986, 1996, 2006, and 2016). The variables
analyzed were number of authors per manuscript, numerical position of the corresponding author,
number of collaborating institutions and countries, number of references, and number of citations
per manuscript. The gender of both the first and corresponding authors was identified and
analyzed over time and by region. Globally, the percentage of female first and corresponding
authors significantly increased from 0% in 1986 to 28.6% (v = 0.003) and 20.4% (p = 0.0009)
respectively, in 2016. Although there were significant differences regarding female first and
corresponding author over time, they did not vary by region of origin (p = 0.5 and 0.2,
respectively). Overall, these findings highlight the improvements made and the challenges that still
exist related to publishing within the bioengineering field.
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3. INTRODUCTION

Gender gaps still exist between men and women even though women comprise 49.6% of the
world’s population.#’ The disparities are often greatest in male-dominated fields such as
certain sciences and engineering.* 28 44 Qver the past 30 years, gender gaps have slowly
been closing. Currently, 14.6% of CEO positions and 8.1% of top earning positions are held
by women.23 In 2015, 19.9% of bachelor’s degrees (B.S.) in engineering were awarded to
women.®0 The total percentage of women pursuing master’s (M.S.) and doctoral (Ph.D.)
degrees in engineering were 24.1% and 26.2%, respectively.0 Additionally, in 2015, 15.7%
of academic faculty positions were occupied by women, a 4% increase from 2006.50 Of
interest, female engineering faculty who started as assistant professors left the profession at
higher rates than did men, particularly between the third and seventh year from their start
date. This discrepancy has not been observed in other disciplines such as agricultural,
biological, mathematical, and biomedical sciences.2>

In 2015 in biomedical engineering (BME), women received 40.9% of the B.S. degrees as
compared to 13.2% and 12.5% in mechanical and electrical engineering, respectively.26
Women in BME have also received more M.S. and Ph.D. degrees than in traditional
engineering areas.28

In the academic community, publication in peer-reviewed journals is the primary means for
researchers to communicate their contributions, and publications are also required for
academic career advancement. Authorship has been defined as a currency within academia
overall, within the engineering field, and BME specifically.5: 7: 28. 34 Studying authorship
trends provides valuable information on the prevalence of current and future directions in the
field studied. The Annals of Biomedical Engineering (ABME®)is “...an interdisciplinary,
international journal which presents original and reviewed articles in the major fields of
bioengineering and biomedical engineering”.1® It focuses on research providing integrated
approaches to the solutions of biological and biomedical problems. The purpose of this
study was to analyze authorship trends, including gender, in the ABME® over the past 30
years.

4. MATERIALS AND METHODS

Data Collection Process

The analyses were performed on manuscripts published over a 30-year period. Data were
collected from manuscripts published in ten-year intervals from 1986 to 2016. This periodic
sampling technique has been previously described and validated.4® The most recent year
with a complete set of publications was 2016 as the study commenced in 2017. The gender
of both the first author(s) and the corresponding author(s) was documented. A “Baby Name
Guesser” website (http://www.gpeters.com/names/babynames.php) was used to identify the
gender of both the first and corresponding authors. Briefly, the first name is entered, and the
website provides the most likely gender and a gender ratio. A ratio of 3.0 or higher was
considered a “correct” identification of gender. If the ratio was less than 3.0, then the
author’s gender was confirmed via a Google™ search. If the search did not result in
confirming the author’s gender, then the entry was excluded for gender analyses.
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To examine and organize the publication data, EndNote X7™ (Clarivate Analytics,
Philadelphia, PA) was used. The EndNote™ data was organized by exporting it into a
Microsoft Excel™ 2013 (Microsoft, Redmond, WA) file. Manuscripts with no author were
excluded as well as editorials, letters, commentaries, memorandums, meeting notes,
abstracts, and all publications that were available electronically prior to editorial typesetting
etc. (e.g. e-pub ahead of print) for that specific year but not published until the following
year. The countries in which the corresponding authors resided were recorded and the state
or province for those in the United States or Canada, respectively, were also recorded. The
numerical position of the corresponding author (e.g. 1, 2, and 3...last author), number of
references, and publication length (total printed page number) was recorded. The humber of
times each publication had been cited was obtained via a Scopus search of each specific
publication. All Scopus searches were completed in December of 2017.

Assignment of Geographic Region

Canada and the United States of America were designated as North America. Mexico,
Central America, and South America were grouped as Latin America. Europe was classified
as all European countries including Turkey and Russia. Asia included all Asian countries
east of Turkey as well as Middle Eastern countries, including Israel. The other regions were
Africa and Oceania (Australia and New Zealand).

Biomedical Engineering Society (BMES) Presidents and ABME® Editorial Board Members

As the ABME® is a publication of the BMES, we collected data for the gender and region
of BMES presidents over time. Additionally, gender and region of ABME® Editorial Board
members (Editors, Associate Editors, and Editorial Board) for the same years was gathered,
allowing us to compare gender and regional trends between the authors and the Editorial
Board.

Statistical Analyses

Continuous data are reported as the mean + 1 standard deviation. Discrete data are reported
as frequencies and percentages. Non-parametric tests were used for analyses between groups
of continuous data due to non-normal distributions (Mann-Whitney U- 2 groups; Kruskal-
Wallis test — 3 or more groups). The Fisher’s exact test (2 x k tables) and the Pearson’s X2
test (>2 x 2 tables) were used to analyze the difference between groups of discrete data. The
Cochran linear trend test (CLT) was used to analyze trends over time (2 x k tables). A
multifactorial ANOVA was used to study the effect of 2 or more categorical variables on any
continuous variable, since there is no good non-parametric multi factorial ANOVA
equivalent. The continuous variables analyzed were the number of authors, institutions,
countries, references, pages, normalized citations, and corresponding author position and
how they were effected/dependent upon three categorical factors combined (author gender,
decade, and region excluding the 9 manuscripts from Oceania). A pvalue less than 0.05 was
considered statistically significant. Systat 10 software™ (Systat Software, Chicago, IL) was
used to perform all statistical analyses.
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5. RESULTS

A total of 402 publications met the inclusion criteria: 35 in1986, 58 in 1996, 155 in 2006,
and 154 in 2016. The gender for 1.7% of first authors and 1.5% of corresponding authors
could not be determined.

Analyses by Region

Overall, 68.2% (274) of the manuscripts originated from North America, 19.4% (78) from
Europe, 10.2% (41) from Asia, and 2.2% (9) from Oceania (Fig. 1). No manuscripts were
published from Africa or Latin America. Based on these initial findings, for the next series
of analyses, Oceania, Africa, and Latin America were excluded due to few or no manuscripts
(Africa and Latin America were excluded from all analyses).

The United States contributed 91.2% of the manuscripts from North America, while Canada
contributed 9.8% of the manuscripts. Within Canada, 54.2% of the manuscripts originated
from Ontario. Within the United States, California and New York combined together
contributed 19.6% of the manuscripts. Among the European countries, the United Kingdom
contributed 16.7% of manuscripts, followed by Italy (12.8%), and the Netherlands (11.5%).
Among manuscripts originating from Asia, China and Israel equally contributed 24.4%,
followed by Japan at 19.5%.

Trends Over Time and By Region

The average number of authors increased from 3.1 £ 1.7 in 1986 t0 5.8 £ 2.6 in 2016 (p<
107%) (Fig. 2a); the corresponding author position increased from 1.6 + 1.1 in 1986 to 3.8
+2.9in 2016 (p= 107%) (Fig. 2a); the number institutions and countries per manuscript
increased from 1.4 £ 0.7 in 1986 to 2.5 + 1.5 in 2016 (p< 1075) and 1.1 + 0.4 in 1986 to 1.5
+ 0.7 in 2016 (p = 0.000008), respectively (Fig. 2b). The number of printed pages per
manuscript declined from 15.5 + 4.4 in 1986 to 12.3 + 2.3 in 2016 (p < 1075) (Fig. 2c). The
average number of references per manuscript almost doubled from 21.7 + 12.1 in 1986 to
42.2 +18.3in 2016 (p < 1075) (Fig. 2d). Since the manuscripts published in 2016 were only
one year old at the time of data collection, citation data was normalized by dividing the
number citations by the number of years since publication. Using this method, the number of
times each paper was cited increased from 0.6 + 0.6 in 1986 to 3.2 + 3.3 in 2016 (p < 1075)
(Fig. 2e).

The number of authors varied by region (p=0.0012) and was highest for Asia (5.4 £ 2.5),
followed by Oceania (4.8 £ 2.9), Europe (5.0 + 2.6), and North America (4.2 + 2.3) (Fig.
3a). The average corresponding author position also varied by region (o =0.003) and was
highest for Asia (3.6 £ 2.8), followed by Oceania (3.1 = 3.3), North America (2.9 + 2.3), and
Europe (2.4 + 2.6) (Fig. 3a). The number of institutions collaborating on manuscripts varied
by region of origin (p = 0.009). Manuscripts originating from Oceania had the highest
number of collaborating institutions at 2.6 + 1.5, followed by Europe and Asia both at 2.4

+ 1.5, and North America at 1.9 + 1.2 (Fig. 3b). The number of collaborating countries also
varied by region (o= 0.0007): Europe at 1.5 £ 0.7, Oceania at 1.4 + 0.5, Asiaat 1.4 £ 0.7,
and North America at 1.2 + 0.5 (Fig. 3b). The number of pages printed did not vary by
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region (p = 0.80) (Fig. 3c) nor did the average number of references (o= 0.77) (Fig. 3d).
There were differences by region for the normalized citation number (Europe at 3.6 + 2.8,
Oceania at 2.6 £ 1.7, North America at 2.4 + 2.9, and Asia at 1.5 £ 1.2 (p= 0.006)) (Fig. 3e).

Gender Distribution of Authors Over Time by Region

The percentage of female first authors increased from 0% in 1986 to 28.6% in 2016 (CLT, p
= 0.003) (Fig. 4a). Asia had highest percentage of female first authors (29.3%), followed by
North America (22.8%), and Europe (20.0%) (Fig. 4b), although these differences were not
significant (p = 0.5). The percentage of female corresponding authors rose from 0% in 1986
to 20.4% in 2016 (CLT, p=0.0009) (Fig. 4c). Europe had the highest proportion of female
corresponding authors (20.8%), followed by North America (18.4%), and Asia with the least
(7.7%) (Fig. 4d), although these differences were not significant (p= 0.20).

Gender Combinations Between First and Corresponding Authors

We also studied gender combinations between the first and corresponding authors. The four
different combinations were defined as MM (both male first and corresponding authors), MF
(first author male and corresponding author female), FM (first author female and
corresponding author male), and FF (both female first and corresponding authors). There
were significant changes over time (p = 0.00008). The MM combination decreased from
100% in 1986 to 71.8% in 2016, while there was a significant increase in the other
combinations. The MF combination increased from 0% in 1986 to 6.4% in 2016; FM
combination from 0% in 1986 to 12.9% in 2016, and the FF combination from 0% in 1986
t0 8.9% in 2016 (Fig. 5). The manuscript length was analyzed between these four groups,
with no significant difference; the number of pages was 12.3 + 4.1 for MM, 11.7 + 2.6 for
FM, 10.7 £ 2.2 for MF, and 11.6 + 3.4 for FF (p=0.21).

Effect of Gender/Region/Decade on Continuous Variables

When entering first author gender, decade, and region into the model, the decade had a
significant effect on all of the continuous variables, and region had an effect on the number
of authors, countries, normalized citations, and corresponding author position
(Supplementary Table 1). First author gender had no effect on any of the continuous
variables after controlling for decade and region. As seen with first author gender, when
entering corresponding author gender, decade, and region into the model, the decade had a
significant effect on all of the continuous variables and region had an effect on number of
institutions, countries, normalized citations and corresponding author position.
Corresponding author gender also had an effect on the number of institutions.

Comparisons between ABME® Editorial Board Members and Authors

The percentage of female ABME® Editorial Board members has steadily increased from 3%
in 1986, 8% in 1996, 13% in 2006, and 28% in 2016 (Fig. 6a), along with the percentage of
female first authors and corresponding authors. Regarding the region of Editorial Board
members, in 1986 and 1996 all resided in North America. In 2006, 1 resided in Asia (3%),
while the remainder resided in North America (97%). By 2016, 65% resided in North
America, 19% in Europe, 9% in Asia, 5% in Oceania, and 2% in Africa.
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Comparisons between BMES Presidents and Authors

During the 50 year history of BMES, 4 of the 46 presidents have been women. Starting in
2008, the BMES presidential term increased from 1 year to 2 years, changing the number of
serving presidents per decade. The first female president was in 2001. The other 3 female
presidents were in 2012, 2016, and 2018. The percentage of female BMES presidents in the
10 years proceeding the year in which manuscripts were analyzed, as well as the percentage
of female first and corresponding authors over time, are shown in Fig. 6b. The percentage of
women increased for all 3 groups over time, paralleling one another, with the presidential
line the lowest. It should be noted that the two most recent presidents (2016 and 2018) are
women, but are not reflected on the chart based on the years denoted.

6. DISCUSSION

In academia, scientific publications are a critical aspect of developing a career. At the same
time, publications are used as a measurement of achievement and productivity.2 4 27. 38 \\We
performed a bibliometric analysis of many variables in ABME® over the last 30 years. We
first studied the author gender to see if there has been an improvement in gender parity in
ABME®. We focused on the gender of the first and corresponding author as typically the
first author is identified as the individual who contributed the most to the work, including
composing the manuscript, and is typically a junior colleague or mentee. Simultaneously, the
corresponding author is traditionally accountable for the study design and the majority of the
research is typically conducted in his or her laboratory or division. Although corresponding
authors may not have performed the research, they are usually the ones guiding the study.
6,7, 35,39, 41,45 Fyrthermore, corresponding authorship as well as co-authorship is essential
for the advancement of the individual’s academic career.5: 7- 11,19, 31,39

We found a significant increase in the percentage of female first and corresponding authors
in ABME® over the last 30 years. The percentage of female first authors increased 28.6%
since 1986, and female corresponding authors increased 20.4%. Similar 30 year bibliometric
studies were performed recently in several orthopaedic surgery (which is traditionally a male
dominated field)/bone biology journals (which have a higher female representation than
orthopaedic surgery).8: 17. 24,32, 42,43, 49 AB71E® was tied with the Journal of Orthopaedic
Research for the highest percentage point increase (rounded to nearest whole number) in
manuscripts with female first authors over 30 years (Range: 1 to 30). Similarly, ABME®
was second for the highest percentage point increase over 30 years in female corresponding
author manuscripts published (Range: 0 to 27). Looking across many academic medicine
journals, while the study design was not identical, the overall trends were similar for
percentage increases over time (female first author Range: —4 to 33; female last author
Range: 5 to 27).5:14.16.30. 36 Thys gender authorship trends appear to be similar for
ABME® as they are for other academic journals/fields.

One interesting observation is related to the differences between female first and
corresponding author percentages. This is perhaps one of the most interesting findings as the
percentage of females in the first author position in ABME® manuscripts (28.6%) narrowly
exceeds the percentage of females in the corresponding author position (20.4%) in 2016.
This 8.2% difference is encouraging and suggests that the gender gap is closing. Similar
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trends are also seen in other academic journals.> 14. 16. 30. 36 |t is possible that the lower
percentage of female corresponding authors could be attributed to the fact that women
occupy fewer upper level positions in academia,?® even when the percentage of females
pursuing undergraduate and Ph.D. programs have been steadily increasing.2® As the
percentage of both female first and corresponding authors increased over the past 30 years,
and have almost equalized, it is hopeful such trends will continue in the future.

In academia, the educational benefits of diversity and inclusivity are concrete and
significant.% 10 Recent studies have demonstrated that all forms of diversity (gender, ethnic,
disciplinary, and academic) are important for both moral and ethical reasons as well as
financial 4 Indeed, it has been demonstrated that diversity improves financial gains and
increases productivity in business.? In science, manuscripts with diverse authorship have
increased citations.l 20 Thus, there are unique opportunities in the field of BME due to its
wide appeal to women, underrepresented minorities, and people with disabilities.10
Although gender is one aspect of diversity, there are many others, including racial and ethnic
diversity. While we were unable to identify the racial or ethnic background of the authors,
the region of origin was used as one proxy for these measures. We noted several significant
differences by region. The total number of authors, corresponding author position, number
of collaborating institutions, number of collaborating countries, and number of normalized
citations all varied significantly by manuscript region of origin. Asia had the highest
percentage increase of female first authors since 1986 (43.5%), followed by North America
(26.7%) and Europe (17.2%). For corresponding authors, North America had the highest
increase since 1986 (21.1%), followed by Europe (19.4%), and Asia (9.5%). Hopefully these
numbers will increase in the future since the percentage of women pursing a Ph.D. in BME
is increasing.26

As with any study, there are limitations. As noted above, we were unable to specifically
assess author ethnicity. Additionally, the accuracy of our gender based analysis depends on
the accuracy of the website for gender ratio scores greater than 3.0. However, this website/
technique was previously validated.36 We also only analyzed one year per decade. While we
recognize that fluxes (e.g. economic) within a decade could in theory impact the data, we
believe this will not be the case in practice for two main reasons. First, the decade method
compared to a 10% random sampling of all manuscripts from each year has been previously
validated in the Journal of Bone and Mineral Research.*® There were no significant
differences based on the method used. We are thus confident that the decade approach is
reliable for these types of bibliometric studies. Second, the life for any one manuscript from
inception of the study to final publication is markedly different for many reasons, including
the need for grant funding or not, study complexity, writing, time to editorial decision, time
for revision, variability in acceptance rates among journals, and even variability in time from
acceptance to publication. Thus, economic fluxes for one year would likely be mitigated/
neutralized by these other factors, as some studies may have begun 5-10 years before
publication, while for others the time span from inception to publication may only be one
year or less.

Over the last 30 years, ABME® has shown an increase in the number of manuscripts
published, and for the manuscripts themselves, there has been an increase in the number of
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authors, corresponding author position, number of collaborating institutions and countries,
references cited, and citations received. As the Biomedical Engineering Society (BMES) is
the society associated with the ABME®, we wished to compare the member region of
residence and member gender composition of the society to the first and corresponding
author gender composition and manuscript origin.

Regarding geographic region, 68.2% of all ABME® manuscripts originated from North
America. Of note, although BMES is an international organization, as of June 2018
approximately 95.8% of all BMES members reside in the United States (North America
region). Thus, the marked increase observed in female first authors residing outside of the
United States, and in particular in Asia (29.3%), cannot be due to a change in BMES
membership composition. Although not conclusive, the following data may lend insight as
to the striking increase in female first author manuscripts originating from Asia in ABME®.
As detailed in the National Science Foundation 2015 Doctorate Recipients from U.S.
Universities,3” female U.S. citizens and permanent residents have earned more than 50% of
doctorate degrees since 2002. During this same period, more than 1/3 of temporary visa
holders earning doctorates were women. Of note, approximately 36% of the science and
engineering doctorates were awarded to temporary visa holders since 2007. From 2005—
2015 ten countries accounted for 71% of the doctorates awarded to temporary visa holders
(in order: China, India, South Korea, Taiwan, Canada, Turkey, Thailand, Iran, Japan, and
Mexico), with 7 of 10 being located within Asia. Additionally, the largest growth in the
number of female doctorate recipients between 2005 and 2015 was in engineering with
bioengineering and BME taking the lead. Taken together, these data describe a large number
of U.S. doctorate degrees being awarded in BME to females from Asia. Another study
shows that Chinese students completing doctoral studies in the U.S. have on average 25—
30% higher scientific output than other students.?2 29 In addition to changes in Asia,
ABME® female first authors markedly increased over time from North America (22.8%)
and Europe (20.0%).

Regarding gender, in June 2018, within the BMES membership data, there were 3 main
categories of members which are likely contributing to the bibliometric data in this study.
The “student” and “early career” members likely serve as first author, while the “members”
likely serve as corresponding authors. Interestingly, a large percentage of members did not
specify a gender (16.5%, 10.9%, and 8.0% for BMES members in the respective categories:
student, early career, and member). In 2018, 37% of BMES members self-identified as
female. This is somewhat higher that the percentage of female first authors (28.6%) and
female corresponding authors (20.4%) in 2016. These statistics are encouraging for the
future, as currently 40.8% of BMES student members and 37.0% of early career members
self-identified as females, and generally speaking one usually serves as a first author before
serving as a corresponding author. We thus believe that the Annals of Biomedical
Engineering has, and will continue to serve, its readership by improving gender parity within
the field.

In summary, although our study does not conclusively prove cause and effect, several
important correlative trends have been identified which may provide BMES, ABME®, and
the BME field with insights for further closing gender-based gaps (which may also be
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relevant for generalized diversity). First, increasing representation of women (and
investigators from diverse backgrounds/regions) in the field is critical (recruitment and
retention). Second, increasing representation of women (and investigators from diverse
backgrounds/regions) on Editorial boards and in leadership positions (such as president of
BMES) appears to improve parity.18 It has been shown that editors (and teams of reviewers)
are more likely to accept papers from authors with the same gender whom are from their
same country.*6 There has been a striking increase in the diversity of the Editorial Board
members from 2006 to 2016. When Dr. Kyriacos Athanasiou became Editor-in-Chief in
2010, he made a strategic decision to significantly modify the Editorial Board composition.3
Indeed, he wrote, “We also have an opportunity to expand our diversity by increasing the
number of submissions from different scientific areas and from constituents around the
world. We have already begun to diversify our Board of Associate Editors by inviting
leading scholars from Europe, Asia, Australia, the Middle East, and Africa (please see the
journal’s masthead).” While it is unclear whether the Board was specifically charged with
increasing parity, and if these actions could be deemed as causal, we did at least observe a
corresponding increase in manuscript acceptances in terms of overall diversity (both
geographic and gender) during this same time period. Although not currently a policy of
ABME®, many journals have adopted the double-blind review approach to further reduce
bias and increase author diversity.2! Many studies have shown that unconscious bias exists
with respect to gender, race, and country of origin,? 13. 21. 33 although others have not.12 48
Although some argue against double-blind reviews due to the burden for concealing the
identity of authors and difficulty in identifying conflicts of interest, the likely advantages of
levelling the playing field, decreasing bias, and providing all scientists with the opportunity
to have their work judged by its scientific merit, may outweigh the disadvantages. Taken
together, these concrete steps have and will continue to improve parity in BMES, ABME®,
and the field of BME.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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B.S. Bachelor of Science

CLT Cochran linear trend test

Ann Biomed Eng. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aguilar et al.

Page 10

M.S. Master of Science

Ph.D. Doctor of Philosophy

8. REFERENCES

B WO DN P

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.
22.

. Adams J The fourth age of research. Nature. 497:557-560, 2013. [PubMed: 23719446]

. Angell M Publish or perish: A proposal. Ann. Intern. Med 104:261-262, 1986. [PubMed: 3946958]
. Athanasiou KA Passing the baton to the Davis editorial office. Ann. Biomed. Eng 38:1, 2010.

. Beddoes K, Borrego M, and Jesiek B. Mapping International Perspectives on Gender in Engineering

Education Research, 2009.

. Bhattacharyya N and Shapiro NL. Increased female authorship in Otolaryngology over the past

three decades. Laryngoscope 110:358-361, 2000. [PubMed: 10718419]

. Borenstein J Responsible authorship in engineering fields: an overview of current ethical challenges.

Sci. Eng. Ethics 17:355-364, 2011. [PubMed: 21512859]

. Borenstein J and Shamoo AE. Rethinking authorship in the era of collaborative research. Account.

Res 22:267-283, 2015. [PubMed: 25928178]

. Brinker AR, Liao JL, Kraus KR, Young J, Sandelski M, Mikesell C, Robinson D, Adjei M, Lunsford

SD, Fischer J, Kacena MA, Whipple EC, and Loder RT. Bibliometric analysis of gender authorship
trends and collaboration dynamics over 30 years of Spine 1985 to 2015. Spine. 43:E849-E854,
2018. [PubMed: 29438219]

. Budden AE, Tregenza T, Aarssen LW, Koricheva J, Leimu R, and Lortie CJ. Doubleblind review

favours increased representation of female authors. Trends Ecol. Evol 23:4-6, 2008. [PubMed:
17963996]

. Chesler NC, Barabino G, Bhatia SN, and Richards-Kortum R. The pipeline still leaks and more
than you think: A status report on gender diversity in biomedical engineering. Ann. Biomed. Eng
38:1928-1935, 2010. [PubMed: 20162356]

Clement T Authorship Matrix: A rational approach to quantify individual contributions and
responsibilities in multi-author scientific articles. Sci. Eng. Ethics 20:345-61, 2014. [PubMed:
23813053]

Commonwealth of Australia. Department of the Prime Minister and Cabinet, Going blind to see
more clearly. 2017 https://www.pmc.gov.au/news-centre/domestic-policy/beta-report-goingblind-
see-more-clearly. Accessed August 5, 2018.

Darling ES Use of double-blind peer review to increase author diversity. Conserv. Biol 29:297—
299, 2015. [PubMed: 25039807]

Dickersin K, Fredman L, Flegal KM, Scott JD, and Crawley B. Is there a sex bias in choosing
editors? Epidemiology journals as an example. JAMA 280:260-264, 1998. [PubMed: 9676675]
Duma S, editor. Annals of Biomedical Engineering: Biomedical Engineering Society.

Filardo G, da Graca B, Sass DM, Pollock BD, Smith EB, and Martinez MA. Trends and
comparison of female first authorship in high impact medical journals: observational study (1994—
2014). BMJ. 352:i847, 2016. [PubMed: 26935100]

Fischer JP, Wininger AE, Scofield DC, Tucker A, Kacena-Merrell EJ, Whipple EC, Kacena MA,
and Loder RT. Historical analysis of bibliometric trends in the Journal of Pediatric Orthopaedics
with a particular focus on sex. J. Pediatr. Orthop 38:€168—e171, 2018. [PubMed: 29319662]
Fishman M, Williams WA 1., Goodman DM, and Ross LF. Gender differences in the authorship of
original research in pediatric journals, 2001-2016. J. Pediatr 191:244-249, 2017. [PubMed:
29033241]

Fong EA and Wilhite AW. Authorship and citation manipulation in academic research. PLoS One.
12:e0187394, 2017. [PubMed: 29211744]

Freeman R and Huang W. Strength in diversity. Nature. 513:305, 2014. [PubMed: 25230634]
Garvalov BK Who stands to lose from double-blind review? Nature. 452:28, 2008.

Gaule P and Piacentini M. Chinese graduate students and U.S. scientific productivity. Rev. Econ.
Stat 95:698-701, 2013.

Ann Biomed Eng. Author manuscript; available in PMC 2020 May 01.


https://www.pmc.gov.au/news-centre/domestic-policy/beta-report-goingblind-see-more-clearly
https://www.pmc.gov.au/news-centre/domestic-policy/beta-report-goingblind-see-more-clearly

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Aguilar et al.

23.
24.

25.

26

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

Page 11

Goldin C The Gender Gap. The Concise Encyclopaedia of Economics. 1993.

Gu A, Almeida N, Cohen JS, Peck KM, and Merrell GA. Progression of authorship of scientific
articles in The Journal of Hand Surgery, 1985-2015. J. Hand Surg. Am 42:291.e1-291.e6, 2017.
[PubMed: 28185698]

Gumpertz M, Durodoye R, Griffith E, and Wilson A. Retention and promotion of women and

underrepresented minority faculty in science and engineering at four large land grant institutions.
PL0S One. 12:0187285, 2017. [PubMed: 29091958]

. Gutierrez C, Paulosky M, Aguinaldo A, and Gerhart J. Women break an engineering barrier: While

other engineering disciplines stumble, BME represents a success story in attracting American
women to a male-dominated field. IEEE Pulse. 8:49-53, 2017. [PubMed: 29155379]

Halperin E Publish or perish—-and bankrupt the medical library while we’re at it. Acad Med
74:470-2, 1999. [PubMed: 10353275]

Holman L, Stuart-Fox D, and Hauser CE. The gender gap in science: How long until women are
equally represented? PLoS Biol. 16:62004956, 2018. [PubMed: 29672508]

Hunt V, Yee L, Prince S, and Dixon-Fyle S. Delivering Through Diversity. McKinsey & Company,
2018 https://www.mckinsey.com/business-functions/organization/ourinsights/delivering-through-
diversity. Accessed November 18, 2018.

Jagsi R, Guancial EA, Worobey CC, Henault LE, Chang Y, Starr R, Tarbell NJ, and Hylek EM.
The “gender gap” in authorship of academic medical literature—a 35-year perspective. N. Engl. J.
Med 355:281-287, 2006. [PubMed: 16855268]

Kassis T How do research faculty in the biosciences evaluate paper authorship criteria? PLoS One.
12:e0183632, 2017. [PubMed: 28829822]

Khan F, Sandelski MM, Rytlewski JD, Lamb J, Pedro C, Adjei MBN, Lunsford S, Fischer JP,
Wininger AE, Whipple EC, Loder RT, and Kacena MA. Bibliometric analysis of authorship trends
and collaboration dynamics over the past three decades of Bone’s publication history. Bone.
107:27-35, 2018. [PubMed: 29100955]

Link AM US and non-US submissions: An analysis of reviewer bias. JAMA. 280:246-247, 1998.
[PubMed: 9676670]

McGregor C, Smith KP, and Percival J. Women in biomedical engineering and health informatics
and its impact on gender representation for accepted publications at IEEE EMBC 2007. Conf.
Proc. IEEE Eng. Med. Biol. Soc. 2008 pp 2881-2884.

McNutt MK, Bradford M, Drazen JM, Hanson B, Howard B, Jamieson KH, Kiermer V, Marcus E,
Pope BK, Schekman R, Swaminathan S, Stang PJ, and Verma IM. Transparency in authors’
contributions and responsibilities to promote integrity in scientific publication. Proc. Natl. Acad.
Sci. USA 115:2557-2560, 2018. [PubMed: 29487213]

Mimouni M, Zayit-Soudry S, Segal O, Barak Y, Nemet AY, Shulman S, and Geffen N. Trends in
authorship of articles in major ophthalmology journals by gender, 2002-2014. Ophthalmology.
123:1824-1828, 2016. [PubMed: 27221734]

National Science Foundation. Doctorate Recipients from U.S. Universities: 2015. National Center
for Science and Engineering Statistics, 17-306, 2017.

Neill U Publish or perish, but at what cost? J. Clin. Invest 118:2368, 2008. [PubMed: 18596904]
Parish AJ, Boyack KW, and loannidis JPA. Dynamics of co-authorship and productivity across
different fields of scientific research. PLoS One. 13:e0189742, 2018. [PubMed: 29320509]
Powell K These labs are remarkably diverse - here’s why they’re winning at science. Nature.
558:19-22, 2018. [PubMed: 29875493]

Riesenberg D and Lundberg GD. The order of authorship: who’s on first? JAMA. 264:1857, 1990.
[PubMed: 2402047]

Russell AF, Loder RT, Gudeman AS, Bolaji P, Virtanen P, Whipple EC, and Kacena MA. A
bibliometric study of authorship and collaboration trends over the past 30 years in four major
musculoskeletal science journals. Calcif. Tissue Int 2018.

Russell AF, Nguyen M, Bhuiya M, Likine EF, Fischer JP, Grassel K, Groswald M, Kabir R, Spagna
S, Wright S, Whipple EC, Kacena MA, and Loder RT. Comparative analysis of bibliometric,
authorship, and collaboration trends over the past 30-year publication history of the Journal of
Orthopaedic Trauma and Injury. J. Orthop. Trauma 32:e327-333, 2018. [PubMed: 30028797]

Ann Biomed Eng. Author manuscript; available in PMC 2020 May 01.


https://www.mckinsey.com/business-functions/organization/ourinsights/delivering-through-diversity
https://www.mckinsey.com/business-functions/organization/ourinsights/delivering-through-diversity

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Aguilar et al.

44,

45.

46.

47.

48.

49.

50.

Page 12

Sax L Why gender matters, revised and updated: What parents and teachers need to know about the
emerging science of sex differences. New York: Crown Publishing, 2017.

Shapiro DW, Wenger NS, and Shapiro MF. The contributions of authors to multiauthored
biomedical research papers. JAMA. 271:438-442, 1994. [PubMed: 8295318]

Singh CD Huge peer-review study reveals lack of women and non-westerners. Nature. 561:7723,
295, 2018.

The World Bank. World development indicators: Population, female (% of total), 2017 https://
data.worldbank.org/indicator/SP.POP.TOTL.FE.ZS. Accessed November 28, 2018.

Webb TJ, O’Hara B, and Freckleton RP. Does double-blind review benefit female authors? Trends
Ecol. Evol 23:351-3; author reply 353-4, 2008. [PubMed: 18450323]

Wininger AE, Fischer JP, Likine EF, Gudeman AS, Brinker AR, Ryu J, Maupin KA, Lunsford S,
Whipple EC, Loder RT, and Kacena MA. Bibliometric analysis of female authorship trends and
collaboration dynamics over JBMR’s 30-year history. J. Bone Miner. Res 32:2405-2414, 2017.
[PubMed: 28777473]

Yoder B Engineering by the Numbers. American Society for Engineering Education, 2016.

Ann Biomed Eng. Author manuscript; available in PMC 2020 May 01.


https://data.worldbank.org/indicator/SP.POP.TOTL.FE.ZS
https://data.worldbank.org/indicator/SP.POP.TOTL.FE.ZS

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Aguilar et al.

A

Page 13

B No o Mamncr ot

FIGURE 1.
Maps showing the countries and states/provinces from which publications originated: A)

North America; B) Europe; C) Asia; and D) Oceania. Black represents the highest
percentage of manuscripts while white indicates no manuscripts were published in the
country or state/province.
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FIGURE 2.

Bibliometric trends over time. A) Number of authors and corresponding author position. B)
Number of countries from which authors on manuscripts reside and the number of
institutions collaborating on published manuscripts. C) Number of pages in the published
manuscripts. D) Number of references cited within each manuscript. E) Number of times
each published manuscript was cited in other manuscripts (normalized by the age of the
manuscript). The data are the mean + 1 standard deviation.
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FIGURE 3.

Trends by region. A) Number of authors and corresponding author position. B) Number of
countries from which authors on manuscripts reside and the number of institutions
collaborating on published manuscripts. C) Number of pages in the published manuscripts.
D) Number of references cited within each manuscript. E) Number of times each published
manuscript was cited in other manuscripts (normalized by the age of the manuscript). The
data are the mean + 1 standard deviation. North America = NA, EU = Europe, OC =
Oceania.
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FIGURE 4.

Percentage of female first and corresponding authors by time and region. A) Gender
distribution of first authors over time. B) Gender distribution of first authors by region. C)
Gender distribution of corresponding authors over time. D) Gender distribution of
corresponding authors by region.
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FIGURE 5.
Gender combinations between first and corresponding authors over time. MM = both first

and corresponding authors are male, MF = first author is male and corresponding author is
female, FM= first author is female and corresponding author is male, and FF = both first and
corresponding authors are female.
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A) Changes in gender composition over time for first and corresponding authors and
Editorial Board members. B) Percentage of females serving as ORS president, first author,
or corresponding author over time. FA denotes first author, CA denotes corresponding
author, EDT denotes Editorial Board, P denotes president, F denotes female, and M denotes

male.
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