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Presenter
Presentation Notes
Good afternoon everyone. Thank you for coming, and thank you in advance for your questions and comments about this work. This research is still in its early stages, so your feedback is extremely important to us. Today we will be exploring whether there are differences in the degree to which federal research awards support male and female post-secondary students and faculty members in Science, Technology, Engineering, and Mathematics. �



Females are underrepresented in STEM
• Di Fabio et al (2008): Females represent 57 percent 

of undergraduate degrees awarded across all fields, 
but only:

25.1 percent in Computer Science
21.4 percent in Physics
20.5 percent in Engineering

• Underrepresentation becomes increasingly more 
pronounced at the graduate, post-graduate, and 
faculty levels (NSF-NCSES, 2013)
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Knowing if there are disparities in how federal research funding supports males and females in academic STEM programs is extremely important. A 2008 study by Di Fabio and coauthors found that while female undergraduates made up 57 percent of the bachelors degrees awarded across all disciplines in 2004, they made up only a quarter or less of the degrees conferred in CS, Physics, and Engineering. As striking as this underrepresentation is at the undergraduate level, disproportionate attrition rates lead to even more severe underrepresentation at subsequently higher levels of academia. Recognizing this, several universities, private firms, and government agencies (including the White House) have named the issue of underrepresentation of females in STEM programs as a top concern.And before I move on, I want to point out that these issues are not unique to females in STEM. Underrepresentation and high attrition are also pervasive among members of racial and ethnic minority groups. We are focusing on females for the sake of simplicity, but as this research agenda progresses, it will be crucial to study not only race and ethnicity, but also the intersections of sex, race, and ethnicity in federally funded STEM research. 



Research questions

1. Do males’ and females’ average number of 
awards differ?

• Do the differences change with the stage of 
one’s career? 

2. Does the amount of an award vary with the sex-
composition of a faculty research team?

3. Are the differences in the distribution of male 
and female graduate students across federally 
funded research awards associated with 
differences in degree completion?

3

Presenter
Presentation Notes
because previous research has been unable to link receipt of federal grant funds to students, little work has examined how funds are allocated across sexes and how that is related to outcomes such as degree completion, time until degree completion, future employment, etc.Our specific research questions that we will discuss today are: Do disparities in grant receipt even exist? Do they change for graduate students versus faculty members?  Are there disparities across different types of faculty research teams (e.g., solitary males, solitary females, male-male, female-female, female-male)Are differences in the inclusion of male and female graduate students in federally funded research related to differences in degree completion rates?Our full paper also explores the how the characteristics of researcher networks vary by gender, but for the sake of brevity we won’t discuss those results today



Data

• UMETRICS (1999-2014)
• STARMETRICS

• University Employee Payroll Data 
• 5 major research universities
• Payees of federal research awards

 NIH, NSF, USDA, DOE, NASA
• 2014 ProQuest Dissertation Data 

• 2010 Census
• Linked by Protected Identification Key (PIK)
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We use UMETRICS data linked to the 2010 Census for our analysis. UMETRICS is a data infrastructure designed to provide new insights into the mechanics and outcomes of federally funded scientific research. UMETRICS is built from STARMETRICS, which contain 5 universities’ payroll data for payees of federal research awards, including student research assistants, post doctoral fellows, faculty members, and support staff. The STARMETRICS data make it possible to observe researchers at all stages collaborating within and across awards. UMETRICS is STARMETRICS augmented with several other sources of data, including public information from CVs and websites, as well as commercial information on doctoral degree completion from ProQuest. The UMETRICS person-level data are linked to demographic information from the 2010 Census by the Protected Identification Key, or PIK, which the previous presenters have already discussed in detail.     Science and Technology for America’s Reinvestment: Measuring the EffecTs of Research on Innovation, Competitiveness, and ScienceUniversities: Measuring the EffecTs of Research on Innovation, Competitiveness, and Science



Linking employee data to 2010 Census

• When DOB is not present in university 
data, use IRS W-2 records along with:
• Employee name
• Place of residence (within 200 mile radius 

of university)
• Place of employment (university) for a 

given year

5

Presenter
Presentation Notes
Umetrics employee payroll data was PIK’d by Census staff using name, date of birth, and geography.However, not all universities provided date of birth resulting in higher rates of multiple PIKs per employeeID.  Staff within Census used name, place of residence within 200 miles of the university, and place of employment on W-2s to deduplicate PIKs.   When this process could not uniquely map a PIK to an employeeID, the employeeID was dropped from the sample.Because these data are very new, I will take a few slides to show the PIK rates, 2010 Census match rates, and demographic characteristics of the entire set of linked UMETRICS employees. After that, Ben will discuss the restrictions we impose to create our universe of analysis. 



Presence of DOB improves PIK assignment 
PIK rates by university for all employees, all years

University
Number of
Employees

Number of
Employees

Assigned a PIK
PIK Assignment

Rate

DOB absent

A 9,543 7,642 80.1

B 25,128 20,260 80.6

C 7,255 6,548 90.3

Subtotal 41,926 34,450 82.2

DOB present

D 27,248 26,430 97.0

E 23,761 23,698 99.7

Subtotal 51,009 50,128 98.3

Total 92,935 84,578 91.0

Source: STARMETRICS Employee data processed by the Person 
Validation System. 6
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Presentation Notes
The results of the PIK processing of the university employee make clear that, in terms of PIK rates, having date of birth information matters.   Knowing employee date of birth increases the average PIK rate from 82.2 to 98.3. The overall PIK rate is 91.0 percent.



Overall match rates 

Results of matching employees to 2010 Census

Count Percent

University employees with a PIK 84,578 100.0

Matched to 2010 Census 68,535 81.0

In Housing Unit 62,338 91.0

In Group Quarters 6,197 9.0

Source: STARMETRICS employee data (all years) linked to the 2010 
Census
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Of the 84.6 thousand employees with a PIK, it is possible to match about 81% to the 2010 Decennial Census Unedited File.The balance of those not matched can be explained by census nonresponse &  out of scope people.Currently, we do not try to deduplicate CUF crosswalk ids (MAFIC, CUF_PNC pairs) per PIK – we just drop those PIKs.   We lose about 5500 employees that have multiple records in the CUF crosswalk.   Just under 10% of matched employees live in group quarters; 99.77% of those live in university housing.



Demographic Characteristics
2010 Census characteristics of university employees, all years and occupations

Matched employee data QWI

Percent Female 47.7 50.0

Graduate Student 40.6

Faculty 32.6

Percent Black or African American Alone 3.1 6.0

Graduate Student 3.5

Faculty 2.2

Percent Hispanic 3.9 22.1

Graduate Student 4.9

Faculty 3.0

Source: STARMETRICS employee data linked to 2010 Census, Census QWI explorer 
(http://qwiexplorer.ces.census.gov) 2010Q2, states with STARMETRICS institutions
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Next, we wish to show how the distribution of sex, race, and ethnicity in the set of linked STARMETRICS employees compares to the population of employed individuals. To do this, we benchmark the STARMETRICS data against the Quarterly Workforce Indicators (QWI) for the 5 states in which the universities are located. The statistical period for the QWI is the second quarter of 2010.The categories – female, black or African American alone, and Hispanic  - are based on unedited, self-reported values of gender, race, and ethnicity questions on the census.  We can see that for each of the demographic categories, the matched employee data feature relatively fewer females and minority group members than appear in the population of employed individuals within these states.Graduate students and faculty numbers are lower still.



Additional restrictions for analysis

• Number of employees matched to Census: 
68,535
• Keep only those who participated in 

federally funded research during 2008-2014
• Keep only researchers participating in NIH 

or NSF awards

• Universe after restrictions:  65,751
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4.06 percent reduction



Attrition is evident among federal grant payees
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A primary question is whether the attrition and underrepresentation observed in other studies is also evident among participants in federally funded research. Gold shows male, brown shows female. Note that, because the STARMETRICS data only include people who participated in at least one federally funded research project, all of the results we will talk about exclude students and faculty members who never participate in federally funded science research. The first 4 categories are based on our entire sample of STARMETRICS employee data linked to the 2010 census information on sex. The takeaway is that the share of females among those participating in federally funded research is nearly at parity with the share of males at the undergraduate level, but at later stages females’ share of participants in federally funded research falls, ending at about 31% among faculty.The final column is based on a synthetic cohort of people who in 2010 and had been participating in federally funded research as graduate students for at least two years. This 2010 graduate cohort will be used later to look at the relationship between grant participation and graduation. We want to ensure that we are looking within a single cohort of graduate students. A final point. This slide shows we cannot just look at differences in total awards or total funding allocated to females versus males, since that would conflate differences in sex-shares with any possible differences in how awards are allocated across sexes. But, if we imagine that any given female has just as good a chance of participating in a federally funded research project as a given male, then the average number of awards a person participates in should be the same for females and males. 



Females participate in fewer federally 
funded research projects (2008-2014)
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Here we show the average number of awards a person participates in from 2008-2014, broken out by gender and stage of career. First thing to note is that females participate in fewer awards on average than males, both for our 2010 graduate cohort and for faculty members. Second, the difference is larger for faculty. But, some awards last a long time and others are very short-lived. We can condition out differences in award duration by looking at total number of years covered by awards.



Females spend less time participating in 
federally funded research (2008-2014)
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So, here we show just that. The average number of years participating in any federally funded research is plotted for males and females. Again, we see that females spend less time participating in federally funded research than men (about 6 months). Female faculty members have about two years less coverage than male faculty members.  



Female faculty’s share of awards

Source: UMETRICS linked to 2010 Census
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The following figure presents flows of federal research awards for research teams led by exactly one faculty member. The top horizontal line shows the distribution of grants across agencies, and the bottom horizontal line shows the distribution of grants by the sex of the faculty team leader.So, from the top line, you can see that NIH issues nearly 60% of all awards, while NSF issues about 40% of all awards. From the bottom line, you can see that in aggregate, only 23.3% of all awards go to research teams headed by an individual female faculty member. The gold lines, representing male faculty members, and the brown lines, representing female faculty members, show how these distributions are related. Specifically, teams headed by female researchers have 26.6 percent of NIH awards and 18.6 percent of NSF awards, which again is small relative to the share of awards going to teams headed by male faculty members. But…



Female faculty’s share of awards is larger than 
their share of award dollars

Source: UMETRICS linked to 2010 Census
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…their shares of award dollars are even smaller. Female-headed research teams have only 19.0 percent of total NIH dollars and 13.5 percent of total NSF dollars. This implies that the dollar amount of the average award amount for a team with a single female faculty member is less than the average dollar amount for teams with a single male faculty member. The corollary is that male researchers who are the sole faculty members on a grant have 76.7 percent of all awards and 83.1 percent of all award dollars. Results are similar when looking at teams with multiple faculty members. 



Award shares differ by agency, 2010 Cohort
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Now we focus on our 2010 cohort of graduate students. Here, each horizontal line from top to bottom represents the distribution of graduate students participating in federally funded research across funding agency, sex, and thesis completion. The middle horizontal line indicates that females make up well-under half (40.7 percent) of the funded graduate students in our data. But, females’ share of awards is not proportional across agencies. From the top horizontal line we can also see that females make up approximately 55.3 percent of students funded by NIH but 28.5 percent of the students funded by NSF.



But graduation rates appear unaffected
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The bottom horizontal line tells us the distributions of male and female students for whom we could find a dissertation registered in ProQuest. Just under half (44.4 percent) of the graduate students in the 2010 cohort have dissertations registered with ProQuest, and this appears roughly the same for male graduate students (44.5 percent) and female graduate students (44.3 percent). Therefore, the differences between males and females in the number and duration of grant coverage do not appear to have an influence in aggregate on the extensive margin of whether or not a person graduates. Future work will look at whether there are differences at the intensive margin in the timing of when males’ and females’ dissertations appear in ProQuest.NB: if anyone asks, 45% of NIH funded males graduated, but only 41% of NIH funded females graduate. For NSF, it’s 45% and 49%



Summary

• Female researchers participate in fewer and shorter 
federally funded research projects than male 
researchers

These differences are larger for faculty researchers 
than for a cohort of graduate students

• Among faculty researchers working alone, female 
researchers receive a disproportionately small share of 
federal award dollars

• Among a synthetic cohort of graduate students, 
graduation rates do not appear to be related to amount or 
source of funding
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Catherine Buffington: Catherine.D.Buffington@census.gov
Benjamin Cerf Harris: Benjamin.C.Harris@census.gov
John King: JohnLKing@outlook.com
Brett McBride: McBride.Brett@bls.gov

Thank you!
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