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Abstract

Purpose—There has been much recent interest in promoting gender equality in academic 

medicine. This study aims to analyze gender differences in rank, career duration, publication 

productivity and research funding among radiation oncologists at U.S. academic institutions.

Methods—For 82 domestic academic radiation oncology departments, the authors identified 

current faculty and recorded their academic rank, degree and gender. The authors recorded 
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bibliographic metrics for physician faculty from a commercially available database (SCOPUS, 

Elsevier BV, Amsterdam, NL), including numbers of publications and h-indices. The authors then 

concatenated this data with National Institute of Health funding for each individual per Research 

Portfolio Online Reporting Tools (REPORTer). The authors performed descriptive and correlative 

analyses, stratifying by gender and rank.

Results—Of 1031 faculty, 293 (28%) women and 738 (72%) men, men had a higher median h-

index (8 (0-59) versus 5 (0-39); P<.05) and publication number (26 (0-591) versus 13 (0-306); P<.

05) overall, and were more likely to be senior faculty and receive NIH funding. However, after 

stratifying for rank, these differences were largely non-significant. On multivariate analysis, there 

were significant correlations between gender, career duration and academic position, and h-index 

(P<.01).

Conclusions—The determinants of a successful career in academic medicine are certainly 

multi-factorial, particularly in traditionally male-dominated fields. However, data from radiation 

oncologists show a systematic gender association withfewer women achieving senior faculty rank. 

However, women who achieve senior status have productivity metrics comparable to their male 

counterparts. This suggests early career development and mentorship of female faculty may 

narrow productivity disparities.

Over the last several decades, there has been an increase in the numbers of female medical 

students, residents and faculty1. Despite the demographic shift seen across many specialties, 

we have not seen increased representation of women in the field of radiation oncology, with 

women comprising 32% of all residents in 2011, a percentage that is unchanged compared to 

20011. There remain potential overt and covert impositions which might deter optimization 

of female career opportunities in medical science. Several data regarding gender inequalities 

in publication rates2, salaries3, funding4,5 and career trajectories6,7 suggest that a gender-

neutral, merit-based work environment remains an elusive goal. Further, recent data 

published in Proceedings of the National Academy of Sciences suggest female scientists 

operate in environments where subtle but real biases cause female scientists to be at a 

systematic disadvantage compared to male counterparts8. This study, which received 

considerable attention in the mainstream media, showed both men and women were more 

likely to rate a candidate assigned a male name as more competent, more hirable, and 

worthy of a higher starting salary than a candidate with an identical resume assigned a 

female name8. Investigators in several fields of academic medicine have reported on the 

gender differentials in their specific specialties and have sought to ascertain the rationale for 

relative specialty selection differences as a function of gender9-12.

Introduction

Despite increasing interest, methods to recognize and quantify gender differences in 

traditionally male-dominated academic fields such as radiation oncology are still needed. 

We previously published data comparing bibliometric measures estimating scholarly activity 

among U.S. radiation oncology faculty13, using the Hirsch index (h-index)14. The h-index is 

a number calculated as the Npapers published by an individual having at least Ncitations14. 

For example, an individual with 10 papers each having 10 or more citations would have a 

calculated h-index of 10. The h-index not only represents quantity of academic output, but 
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also quality, as an individual with 10 papers each having only 1 citation would have an h-

index of 1. The h-index, which has been widely accepted since its introduction in 2005, has 

been implemented by several fields in medicine and academics to evaluate and compare 

scholarly productivity. It is now easily accessible through programs such as SCOPUS 

(Elsevier BV, Amsterdam, The Netherlands) and Google Scholar. When evaluating 

academic productivity among radiation oncology faculty between 1996 and 2007, we 

previously noted women comprised 28% of faculty. Additionally, we found women had a 

significantly lower h-index than men overall12. Although a full discussion of the merits and 

deficiencies of the h-index is beyond the scope of this discussion, the inherent dependence 

of the h-index on time is a concern when using this metric to compare individuals. Those 

who have been conducting research longer will have the opportunity to publish more papers, 

and the longer a paper has been in press, the more opportunities it has to be cited. The m-

index is a correction of the h-index for time (m = h/n, where h is the h-index, and n is the 

number of years since an author's first paper was published). The m-index has been 

described as a good predictor of future publication success but can also be used to compare 

productivity of those with different career durations14. In his original work describing both 

the h and n indices, Dr. Hirsch describes an m-index of about 1 to indicate a successful 

scientist, at least as it pertains to data from the physics and chemists from which the original 

index was conceived14. Consequently, in order to more rigorously evaluate potential gender 

differences across the career timeline in the field of academic radiation oncology, we have 

sought to characterize not only h-index and m-index, but also number of publications, NIH-

reported research funding, as well as academic rank and career trajectory between 1996 and 

2012 for male and female academic radiation oncologists. We believe the issue of gender 

differences within the field of radiation oncology is an informative example of the position 

of women in the greater academic medical community, particularly in traditionally male 

dominated fields. We hope these data will also serve as hypothesis generating for future 

research in early-career interventions in radiation oncology as well as the academic 

community at large.

Materials and Methods

Inclusion Criteria

We compiled a comprehensive list of 82 domestic radiation oncology residency-training 

institutions using the Association of Residents in Radiation Oncology (ARRO) Directory. 

We then accessed publically available departmental websites between February 14, 2012 

and February 28, 2012 to obtain a list of 1031 current faculty as listed by the individual 

institutions. We included all clinical faculty with M.D., D.O. or M.D./D.O.-Ph.D credentials. 

When available, we collected demographic parameters including gender and academic rank. 

Academic rank was classified as professor and or chair, associate professor, assistant 

professor and other, which comprised clinical instructor, non-tenure track faculty or 

unspecified. A single collector [EBH] imputed gender from extant data.

Data Collection

Institutional Review Board approval was not required for this study, as the data we analyzed 

were all publically available. For each faculty member, we performed a custom search using 
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a commercial database (SCOPUS, Elsevier BV, Amsterdam, The Netherlands). We created 

a custom search string using the Author Search function and examined the resulting 

documents in a concerted effort to select all publications attributable to an individual during 

the study period (1996-2012). We used the Citation Tracker function to generate the 

bibliographic database-derived total number total number of publications, total number of 

citations, and h-index for each individual. A single data collector [EBH] performed the 

searches in a pre-determined interval between February 28, 2012 and March 28, 2012 to 

minimize temporal bias in data collection. The bibliographic database outputs included total 

number of publications, total number of citations and h-index. Additionally, we recorded 

date of first publication and utilized this as an approximate surrogate for inception of 

academic career. We calculated career duration as the year of first publication subtracted 

from 2012, and we calculated the m-index by dividing h-index by the career duration. 

Finally, we accessed the National Institutes of Health (NIH) Research Portfolio Online 

Reporting Tools (RePORTER) website and used a custom search for each faculty using the 

Principal Investigator function for all fiscal years. We then exported the resulting project 

data into a spreadsheet for analysis and cross correlation with the aforementioned rank and 

bibliometric data, using a concatenation function.

Statistical Analysis

We performed a descriptive analysis to calculate the median and confidence interval for the 

total number of publications, h-index, m-index, Ph.D. status and NIH funding of the 

individual radiation oncology faculty as well as temporal metrics such as career duration as 

estimated from the year of first publication to 2012, date of first publication and date of first 

NIH funding. We stratified data by gender and academic rank and performed a multivariate 

logistic regression analysis to determine which variables were best associated with h-index. 

Included candidate covariates were academic rank, gender, Ph.D. status and career duration. 

As Shapiro-Wilk test showed the data were not distributed normally, we performed post hoc 

statistical analysis using Man-Whitney-U test for between group comparisons. All statistical 

analyses were performed using the SAS-based statistical software package JMP (Version 7; 

SAS Institute Inc, Cary, NC).

Results

A total of 82 U.S. academic radiation oncology departments were identified with a total of 

1031 current faculty included for analysis. Of current faculty, 293 (28%) were women and 

738 (72%) were men.

Academic position

Overall, men were more likely to hold the rank of chair/professor with women not present in 

these higher academic echelons proportional to their presence in the field at large. Women 

comprised 30%, 33.3%, 32% and 13.9% of clinical instructor/other, assistant professors, 

associate professors and full professors/chairpersons, respectively (Figure 1).
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Number of publications, h-index and m-index

Men had a higher median number of publications overall; P<.001. The median number of 

publications was 26 (range 0-591) for men and 13 (range 0-306) for women. When stratified 

by academic rank, there were also significant differences between men and women in the 

same position, except for among assistant professors, where there was no difference. Among 

professor/chairpersons, the median number of publications was 116 (range 3-591) for men 

and 75.5 (range 7-258) for women; P=.008. Among Associate professors, the median 

number of publications was 38 (range 2-262) for men and 28 (range 2-306) for women; P=.

037. Among faculty classified as other, the median number of publications was 10 (range 

0-245) for men and 5.5 (range 0-53) for women; P=.012. Men also had a higher median h-

index overall. The median h-index was 8 (range 0-59) for men and 5 (range 0-39) for 

women; P<.001. However, when stratified by academic rank, there was likewise no 

significant difference between men and women in the same position except for among 

faculty classified as other, in whom men had a median h-index of 4 (range 0-33) and women 

had a median h-index of 2 (0-17); P=.49. Finally, men also had a higher median m-index 

than women. The median m-index was 0.58 (range 0-3.23) for men and 0.47 (range 0-2.5) 

for women; P=.011. However, the m-index was no different when comparing men and 

women in the same academic rank (Table 1).

NIH funding

Overall, men were more likely to have received NIH funding than women (19.3% vs 10.9%; 

P<.05). However, once stratified by academic rank, there was no significant difference 

between men and women in the same position (Table 1).

Career Trajectory

Overall, male faculty had a longer median career duration than their female counterparts (17 

(range 0-54) versus 12 (range 0-46) years, respectively; P<.05). Male assistant and associate 

professors also had longer median career durations than their female counterparts, 10 (range 

0-42) versus 8 (range 0-46); P=.016, and 19 (range 2-52) versus 16 (range 3-42); P<0.001, 

respectively. On multivariate analysis, there were significant correlations between duration 

of career, gender, academic position and h-index (P<.01).

Highly Productive Women

After ranking all female radiation oncologists by h-index, we further analyzed the top 10% 

(No=30). The h-index of the most productive female faculty ranged from 19-39, median 26. 

The m-index ranged from 0.64 to 2.47, and the median was 1.02. Fifteen (50%) had received 

NIH funding, and they had career durations ranging from 9 to 42 years, median25.5 years. 

When examining the top 10% of men in our cohort after ranking by h-index (No=74), we 

found the h-index ranged from 30-59, and the median was 37. The m-index ranged from 

0.83 to 3.23, and the median was 1.43. Thirty-three (44.6%) had received NIH funding, and 

they had career durations ranging from 11 to 41 years, median 26 years.
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Discussion

The Association of American Medical Colleges (AAMC) reports that, in 2011, the 

percentage of female medical school applicants was 47%. Furthermore, the AAMC Women 

in U.S. Academic Medicine Statistics and Benchmarking Report for 2011-2012 reports the 

percentage of female residents increased from 39.2% in 2001 to 46.2% in 20111. Women 

made up 37% of academic faculty surveyed in 2011, but the distribution of women faculty 

was not evenly distributed among specialties. Obstetrics and gynecology had the highest 

percentage of female faculty in 2011-2012 (54%), and orthopedic surgery had the lowest 

(15%). Radiation oncology faculty numbers were not cited in this report, but the percentage 

of female radiation oncology residents remained stagnant at 32% from 2001 to 2011.

Our data suggest the percentage of female radiation oncology faculty did not change 

between 2007 (28%)13 and 2012 (28%). However, the total number of radiation oncology 

faculty did increase from 826 in 200713 to 1031 in 2012. Based on the 2009 ARRO 

directory, 33% of current residents in 2009 were women, so that means the number of 

women new hires at least remained reasonably proportionate to the number of women in the 

field. Additionally, the percentage of women in higher academic ranks likewise seems 

constant, with 33%, 26%, 23% and 17% of instructor, assistant professor, associate 

professor and full professor/chairperson positions, respectively, occupied by women as of 

200713 and 30%, 33.3%, 32% and 13.9% of the same positions occupied by women in 2012. 

This suggests radiation oncology reasonably reflects academic medicine as a whole with 

women reported to occupy 53%, 43%, 32% and 20% of instructor, assistant professor, 

associate professor and full professor positions, respectively in 2011, compared to 47%, 

36%, 24% and 13%, respectively in 20011.

There was an increase in the percentage of women members of the American Society for 

Radiation Oncology (ASTRO) to 27% in 2005. However, there still remains exceedingly 

low numbers of women chairpersons, ASTRO board members, past ASTRO presidents and 

ASTRO gold medal awardees15. This trend of unequal participation in academic leadership 

and productivity is not unique to radiation oncology. Studies have characterized gender 

differences across a wide variety of fields9-11, 16-19.

One factor considered in the hiring and promotion of academic faculty of both genders is 

publication productivity. Men published more papers than women in our cohort, and the 

difference persisted when comparing men and women in the professor/chair, associate 

professor, and other rankings. However, not all published papers make the same impact, 

which lead to the development of the h-index as an objective measure describing quality as 

well as quantity of publications to be used when considering promotion, acceptance into 

professional societies and allocation of funding resources14. There have been previous 

studies indicating a threshold h-index of 15 that exists as a breakpoint between junior and 

senior radiation oncology faculty13. Additionally, a more recent study identified a break 

point h-index of 10 that indicated likelihood of receiving NIH funding among academic 

radiologists20. It is thought that h-index is a better way to measure and compare publication 

productivity than simply evaluating the number of publications on a resume as it gives some 

insight into the relative impact and importance of the papers published. Our data suggest 
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women have a lower h-index overall when compared to men, but there were fewer 

differences when comparing men and women in the same academic rank. This suggests that, 

although men may publish more papers than women within in given academic rank, women 

are publishing papers that generate sufficiently more citations as to have comparable h-

indices. Additionally, as h-index is directly linked to career duration, the shorter career 

duration of women faculty compared to men likely contributes to this difference as well. In 

order to correct for the difference in career duration between men and women, we also 

calculated and compared the m-indices of men and women overall, and within each 

academic rank. As described above, the m index is calculated by dividing an individual's h-

index by the years since their first publication. Overall, men had a higher m-index than 

women, which suggests that the difference observed in productivity is not due to career 

duration alone.Since male and female faculty had similar h- and m-indices when compared 

within the same academic rank, the overall differences are likely due to the larger proportion 

of men in senior level positions when compared to women.

It has been suggested that the importance of family and parenthood affects the trajectory of 

careers differently between men and women. One national survey-based study suggested 

women were more likely to perceive their institution as being “less family-friendly”21. A 

survey of surgeons reports that men are generally more likely than women to have children 

during residency and in their early career; however, most rely on their spouse for child care. 

Among men and women who had children, women were more likely to take leave from 

work (64 vs 12%). Additionally, although the reported working hours per week were similar 

for men and women in this study, women were more likely to spend over 20 hours per week 

on parenting and 80% of female respondents would consider a part time practice in order to 

spend more time with their families22, which would largely preclude them from entering a 

traditional academic tenure track . Thus, women wanting to start a family in residency in 

their early career are often at a disadvantage with regard to time away from work both 

during surrounding childbirth and because of child-rearing duties. One survey of surgeons 

suggested that pregnancies are more frequent and are tending to occur earlier during a 

woman's career, more than half of all women surgeons still delay childbearing until they 

complete training. A negative bias still exists on the part of co-residents and faculty towards 

becoming pregnant during training23, and this bias may follow female residents into their 

post-residency job search as they seek letters of recommendation or other forms of 

endorsement from individuals at their institution Additionally, when choosing an initial job, 

women with working spouses or with children may be more sensitive to geographic 

location, which may put them at a subtle disadvantage to men who can apply more broadly. 

Likewise, even during their careers, women may be more reluctant to move for a better 

opportunity. Although no formal study has been done to assess the effects of pregnancy and 

childrearing on the career trajectories of radiation oncologists, these are some mechanisms 

by which competing commitments to family can affect women even in traditionally “family-

friendly” specialties such as dermatology, radiology and radiation oncology with more 

predictable hours and less overnight call. The effects may even be more subtle than that, 

with women working similar hours as men on the clock and spending more time on 

childrearing duties, they may be less likely to take on committee appointments, research 

projects or other responsibilities that would require an additional time commitment.

Holliday et al. Page 7

Acad Med. Author manuscript; available in PMC 2015 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



While some suggest the gender inequality in academic medicine, particularly among 

physician-scientists, is due to a preference of women to participate in clinical or teaching 

duties over research24, a more recent study demonstrated female K-award recipients were 

significantly less likely to receive R01 funding than their male counterparts, suggesting 

gender inequality exists even among those with a similar commitment to research4. A survey 

of radiology faculty reported similar rates of publication between men and women but with 

women receiving significantly less research funding. They reported men and women spent a 

similar amount of time performing clinical, teaching and research duties, but women were 

less likely to hold tenured positions, and were less likely to hold chair or vice-chair 

positions8. Additionally, as of 2011, only 15.9% of all editors-in-chief and only 17.5% of all 

editorial board members of the 60 major medical journals were women24. Women were also 

much less likely to hold leadership positions in professional societies25.

There is much interest in the role of mentoring in career advancement for academic 

physicians. There have been survey studies seeking to evaluate the role of mentorship at 

multiple steps in the so-called “pipeline” of future academic faculty. A systematic review 

published of 39 self-report surveys, one case control study and one cohort study reported 

less than half of all medical students and less than 20% of faculty had a mentor. They noted 

women perceived having greater difficulty finding a mentor than men and perceived a 

mentor of the same gender would be more understanding. Additionally, they emphasized the 

importance of mentorship for personal development, career guidance, career choice, 

including publication rates and grant success26. One survey of medical students noted 

female students were significantly more likely to choose surgery if they came from a school 

with more female faculty27. A case control study was performed in academic gynecologic 

oncology departments across 32 fellowship training institutions divided into high and low 

producing institutions. The higher producing group reported greater ease in identifying a 

mentor, a formal research mentor pairing program, as well as regularly scheduled research 

progress and feedback reports28. In traditionally male dominated fields such as radiation 

oncology where women comprise as minority of full professors, it may be particularly 

challenging for female faculty early in their careers to find senior mentors if a female mentor 

is desired.

Additionally, there is increasing attention being focused at the department, institution and 

national level on promoting women in leadership. For example, MD Anderson Cancer 

Center created an office in 2007 for Women Faculty Programs29. On the national level, the 

Hedwig van Ameringen Executive Institute for Leadership in Academic Medicine (ELAM) 

Program for Women was established in 1995. Women completing this program appear to 

have significant benefits in terms of career progression30. It stands to reason that mentorship 

is vital for career advancement, and as more women enter the field and serve as mentors, we 

may see a positive feedback effect on the number of successful women academicians and a 

narrowing of the observed gender gap.

Regarding this study's strengths, the cohort examined includes all radiation oncology faculty 

from domestic academic institutions, yielding a large, comprehensive group of subjects. To 

increase homogeneity, productivity metrics including h-index were obtained by a single 

person (EBH) from a single database (SCOPUS). This database and its bibliometric citation 
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software employed citation analysis back to 1996 to allow a thorough evaluation of the h-

index of the faculty included in this study. There are several commercially and publically 

available databases commonly used to obtain productivity metrics such as the h-index. It is 

beyond the scope of this discussion to compare and contrast the pros and cons of all the 

options31, but we chose to use SCOPUS over the publically available Google Scholar due to 

its full Medline coverage and its author discrimination tools to help insure publications were 

being ascribed to the correct individual. Google Scholar also incorporates academic 

websites, pre-prints, and conference abstracts, which we did not desire for this analysis.

Among study limitations, elapsed time between publication and h-index data collection and 

publication is problematic. SCOPUS allows for collection of calculated h-index as well as 

publication and citation numbers; however, these estimates are subject to dynamic change 

and are updated frequently. Additionally, SCOPUS only includes articles published in 1996 

or later when calculating the h-index. Therefore, those faculty members in the field for 

decades who were prolific in their early careers will have artificially low h-indices when 

compared to their total number of publications and citations.

The largest potential source for error inherent in the use of SCOPUS for data collection is 

authors' publications mistakenly being ascribed to another individual with the same or a very 

similar name or having publications mistakenly ascribed to them. We attempted to control 

for this by manually checking each publication ascribed to each faculty member as well as 

combining publications for authors who might have multiple entries in SCOPUS, due to 

having different institutional affiliations over the years.

Another related source of error is authors publishing under different names. This could 

particularly occur for women when changing a name after marriage or divorce. The number 

of publications and h-index may be artificially lower for female faculty for this reason. A 

similar problem that could occur in either gender is including a middle initial and/or suffix 

that was previously omitted, which could result in an incomplete list of publications 

generated by SCOPUS for an author search. As the practice of changing names due to 

marital events is a unique issue for women, we evaluated the rate of name changes in female 

radiation oncology faculty. We did this by performing a Google search for each female 

faculty using first and last name as well as current institution. When available, we accessed 

their curriculum vitae and noted whether or not they have previously published under a 

different name. We accessed curriculum vitae for a randomly selected 33% (n = 97) of the 

293 female faculty included in our sample. Of those, we found 12 (12.4%) women had 

changed their name during their publication career. Of those who published under more than 

one name, we performed additional author searches in SCOPUS and merged the total 

number of publications attributable to a woman who published under more than one name. 

The h-index was impacted by name change in only 8 (8.2%) of those reviewed.

Conclusions

The determinants of a successful career in academic radiation oncology, as in other fields of 

academic medicine, are certainly multi-factorial. However, our data show a clear gender 

association with women having a lower probability of becoming senior radiation oncology 
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faculty. It is encouraging that women who achieve senior faculty status have a mean h-

index, m-index, number of publications, and NIH funding comparable to their male 

counterparts. These trends observed in the traditionally male-dominated, research-heavy 

field of radiation oncology can better inform discussions regarding gender imbalances in 

academic medicine as a whole. These results also suggest early career development and 

mentorship of female faculty may help to further diversify academic medicine and narrow 

productivity and career trajectory disparities. We do not suggest a system of quotas so that 

women are arbitrarily represented among senior faculty ranks equal to their proportion in the 

field of radiation oncology, but we do hope to spur discussion and further systematic action 

so that women with aspirations for senior faculty or leadership career paths have equal 

opportunity to attain them. The effect of mentorship on academic productivity, in particular, 

has spurred much interest and is the topic of upcoming studies.
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Figure 1. The Academic Position of Radiation Oncology Faculty by Gender
Figure 1 provides the percentage of professor/chair, associate professor, assistant professor 

and other faculty (either clinical instructor, non-tenure track faculty, or unspecified) 

positions occupied by men and women for 1031 MD or MD/PhD faculty at 82 U.S. 

academic radiation oncology departments as determined by the accessing each individual's 

department website.
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