Received: 24 September 2020 Revised: 28 November 2020 Accepted: 1 December 2020

DOI: 10.1096/fba.2020-00091

RESEARCH ARTICLE

EASEB Advances . \\/[ | EY

The costs and benefits of a modified biomedical science

workforce

Michael D. Schaller

Department of Biochemistry, West
Virginia University School of Medicine,
Morgantown, WV, USA

Correspondence

Mike Schaller, Department of
Biochemistry, West Virginia University
School of Medicine, PO Box 9142, 1
Medical Center Drive, Morgantown, WV
26506, USA.

Email: mschaller@hsc.wvu.edu

1 | INTRODUCTION

Regularly over the course of several decades, concerns and the continued reliance on a workforce of trainees.

Abstract

Analyses of the biomedical research workforce, the biomedical research enterprise,
and its sustainability have identified a number of threats and offered many solutions
to alleviate the problems. While a number of these solutions have been implemented,
one solution that has not been broadly adopted, despite being widely recommended,
is to increase the number of staff scientists and reduce dependency on trainees. The
perceived impediment of this is the cost. This paper explores the costs associated with
laboratory personnel and the benefits, in terms of productivity, associated with differ-
ent positions in the workforce. The results of this cost-benefit analysis depend upon
the values assigned to different metrics of productivity by individuals and institutions.
If first and senior author publications are the most important metrics of productiv-
ity, a trainee-dependent workforce is much more cost effective. If total publications
are the most valued metric of productivity, the cost effectiveness of trainee and staff
scientists is reasonably equitable. This analysis provides data for consideration when
making personnel decisions and for the continued discussion of modification of the
biomedical research workforce. It also provides insight into the incentives for modi-
fication of the workforce at the grass roots, which must be considered by institutions
genuinely committed to workforce modification to sustain the biomedical research

enterprise.
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address the sustainability of the biomedical research enter-

prise based upon the flat NIH budget following its doubling
37

have been raised about the biomedical workforce, specifi- Utilization of a trainee workforce has increased the number
cally about the overproduction of trainees.' Recent reports of predoctoral and postdoctoral trainees while the number
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of academic faculty positions has remained constant.”
Further, the growing workforce coupled with the limits on
funding generated a hypercompetitive environment. A con-
sequence of the increased number of trainees qualified for a
static number of academic positions was an increase in dura-
tion of training period (particularly for postdocs),7’11 delaying
career advancement, and increasing the age of initial funding
by an NIH research grant.G’lz’13

Consensus recommendations for sustaining biomedical
research included increasing sustainable and predictable
NIH funding, reducing regulatory burden, and modifying
training and the workforce.'* Specific recommendations for
the workforce included increasing compensation for post-
docs, reducing training periods, incorporating professional
skills development into training, shifting trainee support to
individual and institutional training grants, and increasing
the use of staff scientists."**!*!” There have been nota-
ble changes since these recommendations were made. The
NIH budget has now increased for five consecutive years
with bipartisan and bicameral support in Congress. In re-
sponse to proposed changes to the Fair Labor Standards
Act, the National Research Service Award stipend recom-
mendations were increased, significantly increasing com-
pensation for some postdocs. Increasing awareness of the
length of training periods has led to significant efforts to
make the metrics of graduate education and postdoctoral
training transparent, for example, the Coalition for Next
Generation Life Science initiative, to stimulate identifica-
tion of mechanisms to reduce the duration of training with-
out compromising quality.20 Numerous reports identify
important professional skills that will be useful for trainees
regardless of their final choice of profc:ssion.m’z"22 The
NIH Director's Biomedical Research Workforce Innovation
Award: Broadening Experiences in Scientific Training
(BEST) supported efforts at 17 institutions to develop in-
novative approaches to prepare trainees for a broader range
of careers.”>** Collectively, these efforts have produced
changes alleviating some of the issues viewed as threats to
the enterprise; however, they have not addressed the struc-
tural issue associated with the biomedical workforce.

There has been little progress in efforts to support increas-
ing staff scientist positions in the workforce. A staff scien-
tist can be considered a PhD recipient, who has completed
postdoctoral training and is working as a full-time employee
with benefits performing research. Since 2016, the National
Cancer Institute has supported a mechanism providing salary
support for extramural staff scientists; however, this program
is small, with only 84 awards made through the end of FY19.
Resistance to this change in the workforce is based upon con-
cerns about the cost and productivity. A priori, one expects a
greater cost, but also more productivity, that is more papers
and citations, with an increase in seniority of the workforce.
Obviously, the cost associated with a more senior workforce

is due to salary but is also due to benefits available to em-
ployees that are unavailable to students and may or may not
be available to postdocs. The productivity gain is manifested
in an increase in publications and citations. Estimates of the
magnitude of the differences between the costs and produc-
tivity of individuals at various stages in the biomedical work-
force are not widely available. This analysis was undertaken
to determine the costs and benefits associated with changing
the balance of the biomedical workforce to inform decisions
at the individual and institutional level regarding hiring staff
scientists.

2 | MATERIALS AND METHODS

2.1 | Salaries and benefits

Public sources were utilized to estimate salaries and benefits
of different positions in the biomedical workforce. Sources of
salary information included the Ruth L. Kirschstein National
Research Service Award (NRSA) stipend levels effective for
FY20% and FY18,26 the Office of Personnel Management,27
and the AAMC Faculty Salary Report.28 Graduate student sal-
aries were also determined by surveying School of Medicine
websites for PhD stipend information, yielding stipend levels
from 69 institutions, which were averaged to provide an esti-
mated stipend. Benefits available to postdocs were from the
National Postdoctoral Association” and the costs of benefits
at academic institutions were from a survey by the American
Association of University Professors.>

2.2 | Publications and citations

Award data and publications affiliated with each award were
retrieved from NIH Reporter (https://projectreporter.nih.gov/
reporter.cfm). Publication data were curated to remove pub-
lications that did not include the PI of the award in the author
list and correct misspellings of the PI’s name in the author
list to facilitate the analysis. This impacted a small number of
publications. Between 1.28% and 2.19% of the publications
were culled and 2-3% of the publications required spelling
corrections. A python script was used to tally the number
of publications associated with each unique award, identify
publications on which the PI was first author or senior author,
and tally each. Publications were pro-rated based upon the
duration of each award. Two F31 awards and five awards
were excluded since the duration of these awards could not
be determined.

Citations were enumerated using a python script to input
the PMIDs of the PI’s publications into PubMed and retrieve
the list of PMCIDs of papers that cite the publication. The
number of PMCIDs for each publication was tallied. This
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analysis was performed for first author and senior author
publications by each PI.

The distributions of the publication and citation data were
not Gaussian and the variance of different samples was not
homogeneous. Therefore, non-parametric statistical analyses
were performed. For multiple comparisons, the data were
analyzed using the Kruskal-Wallis H test and Conover and
Dunn post hoc tests. The results were considered significant
if p < 0.01. The analysis was performed using the stats pack-
age from SciPy in Python.

The design of this study was reviewed and approved by
the West Virginia University Institutional Review Board
(WVU Protocol #: 2005003821).

3 | RESULTS

3.1 | Cost - survey of salaries and benefits

The cost associated with changing the demographics of the
biomedical workforce is primarily the difference between
the salaries and benefits paid to graduate students, postdocs,
and staff scientists. Salary estimates are provided for each
position based upon guidelines from the NIH, surveys of
salaries from publicly available data, and the Association of
American Medical Colleges (AAMC) (Table S1). A reason-
able estimate of the salary of a biomedical graduate student
is $30,305, based upon surveying medical school graduate
program web sites. An NIH pay scale for postdocs is based
upon experience, with an entry level postdoc earning $52,704
and a postdoc with 7 full years of experience earning $64,008
(for FY20).% According to the most recent NSF Survey of
Doctorate Recipients from US Universities 2018, the median
entry salary for biomedical postdocs was $48,000,*! which
was comparable to the FY18 NIH postdoc pay scale, where
the starting salary was $48,432.%° Staff scientists at the NIH
are paid on the General Schedule s.ystem.27 This schedule has
15 grades and 10 steps of salary incrementation per grade
(~3%). The entry level for a staff scientist is GS13 and NIH
has developed guidelines for elevation of staff scientists to
GS14 and GS15. The 2020 compensation for step 1 of GS13
is $78,681 as a base salary and at step 10 is $102,288. In ad-
dition to their base salary, most government employees may
also receive locality pay to offset discrepancies in pay be-
tween the government and the private sector. The Office of
Personnel Management of the federal government reports that
it takes on average 18 years to advance from step 1 to step 10
in a pay grade.3 % There are no data on staff scientist salaries
in academia, although there are several sources describing
salaries of other positions. The most recent AAMC survey of
faculty salaries indicates a median salary of $60,000, and a
75th percentile salary of $72,000 for Instructors.”® According
to the American Association of University Professors faculty
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TABLE 1 Estimated costs for labor in the workforce
Position Salary Benefits Cost
Grad Student $30,305 $3,334% $33,639
Grad Student $30,305 $21,750*° $52,055
(tuition incl.)
Postdoc (entry) $52,704 $11,490*¢ $64,194
Staff Scientist $78,681 $23,353¢ $102,034

(entry)
“Medical benefit at 11% salary.
"tuition of $18,416.

“Retirement benefit at 10.8% salary
“Full benefits at 29.68%.

compensation survey, the average salary of Instructors at
doctoral-granting Universities is $65,919. Lecturers’ salaries
average $67,896 and faculty with no rank average $79,383.%
Since staff scientists may currently be categorized under
these ranks, these salaries were also considered. However,
since these ranks also include many professionals who are
not staff scientists, the NIH guidelines for salaries for clearly
defined staff scientists were used for this analysis. The sala-
ries used to measure the cost of different positions are shown
in Table 1.

While reasonable estimates of costs associated with sal-
ary can be determined, estimating the costs associated with
benefits is more challenging. Typically, graduate student
benefits include health insurance. Some institutions include
tuition remission when discussing graduate student benefits.
The most recent data from the National Center for Education
Statistics (for the 20162017 academic year) indicate that the
average in-state graduate tuition was $18,416.% At public
institutions, the average was $11,617 and at non-profit pri-
vate institutions, the average tuition was $26,551. While the
cost of training is real (covered by tuition), this cost is often
born by the institution, and may not be part of the calculation
of costs by an individual Principal Investigator considering
modifying the laboratory workforce. However, this could be
a consideration by institutions in evaluating how to invest in
the biomedical workforce in future.

Benefits provided to postdocs are extremely variable. The
National Postdoctoral Association recently surveyed 190
institutions about issues important to postdocs, including
benefit packages available to postdocs.29 The survey parsed
postdocs into four categories: postdoc employees (e.g., sup-
ported on an RO1), postdoc trainees (e.g., supported on a
T32), individually funded postdocs (e.g., supported on an
F32), and externally funded postdocs (e.g., supported on a
foreign fellowship). The benefits available varied greatly be-
tween the different categories. Postdoc employees at more
than 75% of the institutions were eligible for family health,
dental and vision insurance, life insurance, tax-deferred re-
tirement, and paid time off. Benefits available to postdocs in
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other categories are inferior, as illustrated in Table S2, which
indicates the percentage of institutions providing select ben-
efits to different categories of postdocs.”” The disparity of
benefits available to postdocs in different categories is an
issue in itself, and illustrates the difficulty in assessing the
costs associated with restructuring the workforce. The cost
in employee benefits associated with transitioning from a
postdoc to a staff scientist could depend upon the source of
support for the postdoc. According to data from the National
Center for Science and Engineering Statistics, 63.7% of the
biology and biomedical sciences postdocs were supported by
research grants in 2018,34 that is, are classified as postdoc
employees by the National Postdoctoral Association. In their
2017 survey, the National Postdoctoral Association found
that 90% of institutions provided full family medical benefits
and 76% of institutions provided tax-deferred retirement ben-
efits to this class of postdoc.29 Only 47% of these institutions
provided matching retirement benefits to their postdoctoral
employees. Therefore, the cost of health insurance and re-
tirement benefits are included in the calculation of the cost
of a postdoc.

The estimated costs in benefits for staff scientists were
based upon American Association of University Professors
faculty compensation surveys.w’35 Included in these surveys
is compensation for instructors and lecturers, academic posi-
tions that may be comparable to the staff scientist position.
According to the 2019-2020 survey, 95.1% of all full-time
faculty at Doctoral Institutions receive medical benefits and
97.1% of faculty receive retirement benefits.”® The average
medical benefit provided by the institution is 11.0% of the
salary and the average retirement benefit is 10.8%, totaling
21.8% of the salary of the faculty member (Table S3). This
survey excluded institutional coverage for unfunded retire-
ment liability, prepaid retiree health insurance, social secu-
rity, long-term disability, Medicare, and life insurance. The
2018-2019 survey did not break out individual benefits, but
reported salary and total compensation (salary +all benefits).
The average benefit across all ranks and all doctoral institu-
tions was 29.68% of the average salary.35 Thus, the results of
the 2019-2020 survey underestimate the true cost of bene-
fits. The benefits used in measuring cost for each position are
shown in Table 1.

3.2 | Benefit - measurement of productivity

The benefit associated with changing the demographics of
the biomedical workforce is the increase in productivity, on
an individual basis, anticipated with the shift to a more expe-
rienced workforce. Two measures of productivity were used:
(1) publications, specifically total publications, the number
of first author publications, and the number of senior author
publications, and (2) citations, specifically of first author and

senior author publications. These metrics readily allow com-
parison of predoctoral and postdoctoral productivity. Lab and
institutional assignments for staff scientists vary, and may or
may not include driving a project to first- or senior author
publication. Nevertheless, overall productivity will be cap-
tured in the total publications. Identification of cohorts for
analysis is challenging, since postdocs have many different
titles for the same position,36 a challenge that may also exist
in the identification of staff scientists.’’ Therefore, the anal-
ysis was performed on populations of predoctoral trainees,
postdoctoral trainees, and staff scientists defined by the NIH,
that is recipients of individual NIH awards for support of
each of the three different positions. A caveat to this strategy
is that the analysis may focus upon above average individuals
in each category and productivity may exceed the average.
In fact, the productivity of F32 awardees is apparently 17%
higher than unsuccessful F32 applicants.38

The National Cancer Institute supports a funding mecha-
nism for staff scientists (PAR-1-291) that began in 2016. The
initial comparison was performed on PIs of R50 (staff scien-
tist), F32 (postdoc), and F31 (predoc) awards from the NCI
between 2016 and the present. The PIs of K99 (the first stage
of Pathway to Independence Awards) awards were also in-
cluded in this analysis. These cohorts were supported within
the same period for cancer-related projects, and thus repre-
sented the best match for comparison. The numbers of pub-
lications associated with each award, even if published after
the end date of the award, were captured for this analysis.

The publication profile of the cohorts is shown in Table
S4. The profiles of the F31 and F32 awardees are simi-
lar with ~43% publishing, ~30% publishing a first author
paper and only the rare awardee publishing a senior author
paper. Approximately 64% of the R50 awardees have pub-
lished and 9.5% have published a senior author paper. The
percentage of R50 awardees publishing a first author paper
was similar to the percentage for F31 and F32 awardees
(~30%). As a cohort, 71% of the K99 awardees have pub-
lished a paper, 57% have published a first author paper, and
14.4% have published a senior author paper. The statistical
analysis of the publication data is summarized in Table 2.
Analysis of the total publications revealed no difference in
the average numbers of papers per F31 and F32 awardee
(0.68 to 1.18 papers per awardee). Total publications by
R50 and K99 awardees was significantly different than the
F31/F32 awardees but there was no significant difference
between the R50 and K99 cohorts (an average of 3.19to 5.5
total papers per awardee). The F31, F32, and R50 awardees
published statistically indistinguishable numbers of first
author papers (0.34 to 0.56 papers per awardee), while the
K99 awardees published significantly more papers (1.21
papers per awardee). The F31 and F32 cohorts published
<0.01 senior author paper per awardee. The R50 and K99
cohorts published more senior author papers (an average
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TABLE 2 Statistical comparison of publication record of trainees and staff scientists

F31s
Total papers—trainees supported during FY2016 to present
0.68 +0.99
0.58t00.78

Average number of papers®
95% confidence interval
First author papers—trainees supported during FY2016 to present
0.34 + 0.60
0.28 t0 0.41

Average number of papers”
95% confidence interval
Senior author papers—trainees supported during FY2016 to present

0.003 + 0.053
—0.003 to 0.008

Average number of papers®

95% confidence interval

ASEB:i0Advances — WlLEYﬁ

“Kruskal-Wallis H test — Statistic =106.74, p < 0.001. Dunn post hoc test — F31 = F32, K99 = R50.
"Kruskal-Wallis H test — Statistic =55.68, p < 0.001. Dunn post hoc test — F31 = F32 = R50, K99 is different.
“Kruskal-Wallis H test — Statistic =65.128, p < 0.001. Dunn post hoc test — F31 = F32, K99 = R50.

TABLE 3 Statistical comparison of publication record of trainees

F31s

Total papers—trainees supported during FY2012 to FY2016

Average number of papers” 2.66 +2.94
95% confidence interval 2.56 to 2.75
First author papers—trainees supported during FY2012 to FY2016
Average number of papers® 1.66 + 1.83
95% confidence interval 1.60 to 1.72
Senior author papers—trainees supported during FY2012 to FY2016
Average number of papers® 0.03 +0.32
95% confidence interval 0.05 to 0.07

F32s K99 s R50 s
1.18 + 2.05 3.19 +5.40 55+7.1
0.86 to 1.49 2.30 to 3.99 3.97t07.03
0.54 + 1.02 1.21 +1.98 0.56 + 1.14
0.39 to 0.70 0.92 to 1.50 0.31 to 0.81
0.006 + 0.078 0.28 + 1.30 0.12 + 0.39
—0.006 to 0.18 0.087 to 0.47 0.035 to 0.20

F32s K99 s

3.03 +3.28 4.92 +4.53

2.93t03.14 4.671t05.18

1.71 + 1.84 2.01 + 1.86

1.65 to 1.77 1.91to02.12

0.08 + 0.38 0.71 + 1.41

0.09 to 0.12 0.74 to 0.92

*Kruskal-Wallis H test — Statistic =375.980, p < 0.001. Dunn post hoc test — F31, F32, and K99 are all different.
PKruskal-Wallis H test — Statistic =53.696, p < 0.001. Dunn post hoc test — F31 = F32 and K99 is different from both F31 and F32.
“Kruskal-Wallis H test — Statistic =1287.3, p < 0.001. Dunn post hoc test — F31, F32 and K99 are all different.

of and 0.12 to 0.28 senior author papers per awardee).
These results demonstrate increased productivity of staff
scientists over predoctorate and postdoctorate trainees in
total and senior author publications, but not in first author
publications.

The parameters of this comparison were driven by the
timing of the R50 Awards to staff scientists. The limitations
include the small number of awardees analyzed (84 R50
awardees) and the time frame, which runs to the present.
The publications will be under representative as studies in
new and ongoing projects are incomplete and not yet pub-
lished. Citations were not analyzed in these cohorts, given
the limited time period since initiation of the awards and the
concern that they would grossly underestimate the impact of
these publications.

To address these limitations, the analysis was expanded
to all NIH F31 and F32 recipients from FY2012 through
FY2016. As there was no staff scientist funding mechanism
during this time, the analysis was extended to K99 recipients,

to measure productivity of a population more advanced than
F32 recipients. The analysis of R50 and K99 recipients from
NCI from FY16 to the present suggests that total publica-
tion and senior publications are similar between these co-
horts and thus K99 data are a suitable proxy for the analysis.
This increased the number of awardees analyzed (8,445 total
awardees) and the interval since the time frame of support
provided time for project completion and publication, in-
creasing confidence in the measurement. This also allowed
the incorporation of citations into the analysis. There is a
small overlap in trainees between support mechanisms. Of
the 3605 F31 trainees, 3.1% were also supported by an F32
fellowship during the time period, and 4.1% of the F32 recip-
ients also received K99 awards that were active between the
beginning of FY2012 and the end of FY2016.

The publication profiles of these trainees are illustrated in
Table S5. Obviously, shifting the time frame for analysis back
led to a more robust publication profile. Approximately 83%
of F31/F32 and 93% of K99 trainees published at least one
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paper. First author papers were published by 73-75% of F31
and F32 awardees and 84% of the K99 trainees. The percent-
age of F31 and F32 trainees publishing senior author papers
was small (2-6%), whereas 34.7% of K99 awardees pub-
lished senior author papers. Preliminary analysis of an ear-
lier cohort of trainees (F31 and F32 awardees from FY2007
to FY2011) revealed similar publication profiles, suggesting
that further adjustment of the time frame of study would not
yield additional insight. Statistical analysis of the FY2012 to
FY2016 cohorts is shown in Table 3. There were significant
differences in the total number of papers published by the

F31, F32 and K99 Publications per year

81 40 (> §
30 A H
64 209 ¢ M

LU
{114 5
- Y51

F31 Total F32 Total K99 Total

tlid

F31 1st F32 1st K99 1st

FIGURE 1 Number of publications per year. The number of

first author and total publications per year for F31, F32, and K99
awardees is shown in a box and whisker plot. The inset includes the
outliers. The number of first author publications for K99 awardees is
significantly different than the others. The total number of publications
is significantly different between each of the groups

different cohorts (F31 = 2.66 papers/awardee, F32 = 3.03 pa-
pers/awardee, and K99 = 4.92 papers/awardee). F31 and F32
awardees published similar numbers of first author papers
(1.66 and 1.71 papers/trainee, respectively), while K99 train-
ees published significantly more first author papers (2.01
papers/awardee). Senior author publications differed signifi-
cantly between F31 (0.03 papers/trainee), F32 (0.08 papers/
trainee), and K99 (0.71 papers/trainee) recipients. To nor-
malize for the differences in duration of each fellowship, the
productivity of each cohort was pro-rated to generate an av-
erage number of papers per year (Figure 1, Table 4). In terms
of total papers, the F31 cohort published an average of 1.37
papers per year, F32 trainees published 1.57 papers per year,
and the K99 awardees published 3.02 papers per year. On
average, F31 and F32 trainees published 0.88-0.89 first au-
thor papers per year and K99 trainees published 1.21 papers
per year. The results demonstrate the expected increase in
productivity with academic advancement. There are several
caveats to the analysis. The results may overestimate produc-
tivity, since the cohorts contain the most highly competitive
individuals at each training level. Conversely, the results may
underrepresent productivity, since publications are restricted
to those associated with the funded project and may be only
a partial publication record of any given individual. Data for
staff scientists are unavailable for this analysis. By extrapola-
tion from Table 2, the first author publication record of K99
recipients exceeds staff scientists, but the total publications
and senior author publications are comparable.

The number of citations for each first author and senior
author paper by each trainee was tallied. Citations of first
author papers increased with advances in training (Table 5).
F31 publications were cited an average of 15.34 times, F32
trainee's papers were cited an average of 22.07 times, and
K99 first author papers were cited an average of 26.55 times.
These differences are significant. Conversely, citations for

TABLE 4 Statistical comparison of publication record of trainees — pro-rated for length of award

F31s

Total papers per year—trainees supported during FY2012 to FY2016
1.37 + 1.83
1.31to0 1.43

Average number of papers”

95% confidence interval

First author papers per year—trainees supported during FY2012 to FY2016

0.88 + 1.30
0.83 10 0.92

Average number of papersb

95% confidence interval

Senior author papers per year—trainees supported during FY2012 to FY2016

0.017 +0.17
0.01 to 0.02

Average number of papers®

95% confidence interval

F32s K99 s

1.57 +£2.00 3.02+3.15
1.50 to 1.64 2.85t03.20
0.89=/—-1.22 1.21 £1.22
0.85 +/-0.93 1.14 to 1.28
0.04 +0.23 0.46 + 0.96
0.03 t0 0.05 0.41 to 0.51

“Kruskal-Wallis H test — Statistic =559.038, p < 0.001. Dunn post hoc test — F31 is different from F32 is different from K99.
Kruskal-Wallis H test — Statistic =155.258, p < 0.001. Dunn post hoc test — F31 and F32 are the same, K99 is different.
“Kruskal-Wallis H test — Statistic =1316.951, p < 0.001. Dunn post hoc test — F31 is different from F32 is different from K99.
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TABLE 5 Statistical comparison of citation record of trainees

F31s
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Citations of first author papers—trainees supported during FY2012 to FY2016

Average number of papers® 15.34 +29.23

95% confidence interval 14.60 to 16.08

Citations of senior author papers—trainees supported during FY2012 to FY2016

ISASSERSI0S
10.06 to 21.05

Average number of papers’

95% confidence interval

F32s K99 s

22.07 + 41.56 26.55 + 54.17
21.03 t0 23.11 24.44 + 28.67
17.09 + 38.22 12.20 + 17.50

12.67 to 21.50 11.04 to 13.35

“Kruskal-Wallis H test — Statistic =244.337, p < 0.001. Dunn post hoc test — F31, F32, and K99 are all different.
"Kruskal-Wallis H test — Statistic =2.929, p = 0.231. There is no difference between F31, F32, and K99.

TABLE 6 Cost-benefit analysis

1 staff 1 Predoc +1
scientist 2 Predocs 3 Predocs 1 Postdoc 2 Postdocs Postdoc
Costs associated with workforce
Salary + benefits $102,034 $67,278 $100,917 $64,194 $128,388 $97,833
Salary + benefits $102,034 $104,110 $156,165 $64,194 $128,388 $116,249
+Tuition
Benefits associated with the workforce
Total papers 3.02 2.74 4.11 1.57 3.14 2.94
1st Author 0.89* 1.76 2.64 0.89 1.78 1.77
Sen. Auth. 0.46 0.034 0.051 0.04 0.08 0.057
Citations for 1st Author 23.63 27.00 40.50 19.64 39.28 33.14
Citations for Sen. Auth. 5.6 0.53 0.79 0.68 1.37 0.95
Total Citations 29.24 27.53 41.29 20.33 40.65 34.09

The costs are derived from salaries, benefits, and tuition presented in Table 1 (e.g., the cost for salary and benefits for 2 predocs is 2 X $33,639 = $67,278). The
benefits are derived from the pro-rated publications presented in Table 4 and citations presented in Table 5 (e.g., the first author papers for 2 predocs is 2 X 0.88 = 1.76
first author papers and the number of citations for 2 predocs is 1.76 (number of first author papers) x15.34 (citations per first author paper) = 27.0 citations. The

publications/citations for K99 awardees are used as a proxy for staff scientists.

“since the number of first author papers by staff scientists appears statistically different than first author papers by K99 awardees, but comparable to postdoctoral

trainees, the number of first author papers by postdocs is used.

senior author publications did not significantly differ be-
tween the cohorts. The highest number of citations per paper
was for papers by F32 trainees (17.09 citations per paper) and
the lowest was for papers published by K99 trainees (12.20
citations per paper). The observation that senior author pub-
lication by F32 and K99 trainees is cited less frequently than
first author publications is intriguing. The reason for this dis-
parity is unclear.

3.3 | Costs versus benefits

The costs and benefits associated with a lab workforce com-
prised of different combinations of predoctoral and postdoc-
toral trainees or a staff scientist are presented in Table 6. The
estimated total compensation for an entry level staff scientist
on the G13 pay scale and an entry level postdoc is included.
The estimated total compensation for a predoctoral trainee

including and excluding tuition is shown. Financial planning
at the lab level most often does not include a consideration of
tuition, whereas tuition is a component of institutional plan-
ning. The compensation of an entry level staff scientist is
equivalent to the compensation of 3.02 graduate students, ex-
cluding tuition, 1.95 graduate students, including tuition, and
1.58 postdoctoral trainees. Using entry level data minimizes
the cost differential. For comparison, the compensation of a
staff scientist at step 6 of the G13 pay scale is equivalent to
the compensation of 3.54 graduate students, excluding tui-
tion, 2.29 graduate students, including tuition, and 1.85 post-
doctoral trainees.

The data for benefits associated with each position
in Table 6 are derived from Tables 4 and 5. Data for K99
awardees are used as a proxy for staff scientists based upon
the similarity in productivity, as shown in Table 2, with the
exception of first author publications. As the number of
first author publications of staff scientists is not statistically
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different from the number of first author publications of
trainees (Table 2), the number of first author publications
for postdocs (Table 4) is used for staff scientists in Table 6.
The total benefits of these combinations of scientists are
composed of four components, total papers, first author pa-
pers, senior author papers, and total citations. Comparison
of total publications per year shows that the productivity
of a staff scientist is comparable to the productivity of the
combination of two predoctoral trainees or two postdoctoral
trainees, or a predoctoral and postdoctoral trainee. The total
publications per year of three predoctoral students exceeds
that of a staff scientist. From this perspective, the cost dif-
ferential is similar to the benefit differential. The number
of first author publications per year of any combination of
more than one predoctoral or postdoctoral trainee exceeds
the number of first author publications of a staff scientist.
In all of the workforce scenarios presented, the staff scien-
tist publishes more senior author papers. If primary pub-
lications, that is, the sum of first author and senior author
publications, are considered, any combination of more than
one predoctoral or postdoctoral trainee publishes more pri-
mary publications than a staff scientist. From this perspec-
tive, the costs of a staff scientist exceed the benefits. Finally,
the number of citations per year of any combination of pre-
doctoral and postdoctoral trainees exceeds those of a staff
scientist. This is a derivative of the number of first author
publications produced by each group.

4 | DISCUSSION

This report compares salaries and estimated total compensa-
tion between different positions in the biomedical workforce
to evaluate the costs associated with modifying the work-
force. While the comparison was made using entry level
positions and minimizes the cost differential, data within
the report and source material allow similar comparisons
of other scenarios. Estimates of the benefits associated with
modifying the workforce are based upon productivity, that
is, publications and citations. These estimates are based
upon the records of recipients of individual NIH training or
staff scientist awards and are reflective of above average in-
dividuals. The interpretation of this analysis depends upon
the value associated with first/senior author publications and
middle author publications. The contribution of first and sen-
ior authors to publications is apparent, and if this metric is
used as the benefit, moving from trainees to staff scientists
is a losing proposition. However, if the major considera-
tion is overall productivity, the costs and benefits of a staff
scientist are relatively equitable to different combinations
of trainees, with the exception of the combination of three
predoctoral trainees. How the different measures of produc-
tivity are weighed by individual principal investigators and

institutions will drive their interpretation of the costs and
benefits associated with changing the workforce and will in-
form their decisions.

This comparison of productivity indicates that doctoral
trainees may contribute on average 1.37 papers per year,
postdoctoral trainees a total of 1.57 papers per year, and
staff scientists (using K99 awardees as surrogates) a total of
3.02 papers per year. There are several other studies measur-
ing productivity of trainees. A study of 933 science and en-
gineering students at the California Institute of Technology
from 2000 to 2012 measured the number of publications per
year from 5 years prior to the year of dissertation defense
to 2 years after the defense. Peak productivity was in the
year prior to the defense and year of defense where the av-
erage number of papers was approximately 1.1 (for women)
and 1.25 (for men).* Their longitudinal analysis illustrated
another important consideration, that the productivity of
students is initially very low, rises to a peak and then con-
tinues after graduation as work initiated by the student is
completed and published. The productivity of a long-time
staff scientist is expected to be continuous and not subject
to the 5- or 6-year cycle of ramping up productivity. A dif-
ferent approach was used to study the contributions of lab
members to overall lab productivity from 1966 to 2000 in
the Massachusetts Institute of Technology Department of
Biology.40 Comparing annual lab productivity to lab com-
position, the authors suggest that one doctoral student con-
tributed to an increase of 0.14 publications per year and one
postdoc contributed 0.34 publications per year. The addition
of a research technician to a lab had no impact on the num-
ber of publications. The authors extrapolate this observa-
tion to indicate that the addition of staff scientists would
have little overall impact on lab productivity. However, the
argument can be made that research technicians and staff
scientists fulfill very different roles and have very differ-
ent skill sets. Interestingly, research technicians did have
an impact on the number of “breakthrough” publications,
that is, papers appearing in Science, Cell, or Nature. There
have been several studies measuring postdoc productivity.
To assess the impact of doubling of the NIH budget upon
productivity, a total of 3669 postdocs identified from the
Survey of Doctorate Recipients from 1995, 2001, and 2003
were studied.*! Productivity was measured by total number
of papers published in the preceding 5 years. The doubling
had no effect upon productivity, which averaged 1.08 papers
per year. In a study to assess the effect of extramural sup-
port upon research productivity, successful applicants for
F32 awards between 1980 and 2000 were compared with
unsuccessful applicants.38 Productivity was measured as the
number of publications in the 5 years following submission
of the application. Unsuccessful applicants published 0.92
papers per year, while successful applicants published 1.08
papers per year. Comparison with results in the literature
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suggests that 1.37 predoctoral papers per year and 1.57 post-
doc papers per year might overestimate trainee productivity
and thus underestimate the differential in productivity of a
staff scientist.

There are three strategies to employ staff scientists
in the biomedical workforce. The expectations of staff
scientists vary depending upon their assignment and this
could impact metrics of productivity. First, the staff sci-
entist could be a position in an individual research lab,
providing intellectual capacity, experience, and a tech-
nical skill set devoted to driving the research program
of the lab forward. The lab bears the cost and reaps the
benefits of the staff scientist, which could include first
and senior author publications exceeding the estimates in
Table 6. Second, the staff scientist could provide specific
expertise and technical skills to the research community,
for example, as the director of a core facility. The costs
are distributed broadly across users of the facility and the
institution and the users of the facility receive the bene-
fit of the staff scientist's expertise, which would primar-
ily be middle author publications in collaboration with
different labs. The benefits are tangible but may make a
relatively small contribution to any single research pro-
gram. Third, the staff scientist position could be shared
among several laboratories, each contributing to the cost
and receiving the benefits of the position. A staff scien-
tist in this position could be critical for team science ap-
proaches to problems and a key player in Program Project
Grants, CoBRE Grants in IDeA states, and other develop-
ing teams. Supporting staff scientists in these positions
would foster the development of team science.

This analysis was undertaken to examine the costs at the
individual level associated with changing the workforce to
gauge the incentives/disincentives associated with replac-
ing trainees with staff scientists. However, there are other
considerations for the scientific community to contemplate.
First, the recommendation to increase staff scientists in the
workforce was made in concert with other recommenda-
tions to modify training, which will impact the workforce.
The workforce in the biological and biomedical sciences in
academia in 2018 comprised of 52,627 predoctoral train-
ees, 21,533 postdoctoral trainees, and 8,250 non-faculty
researchers.*> Some non-tenure track faculty are also part
of the workforce. Since the vast majority of the workforce
are comprised of trainees, the enterprise continuously pro-
duces an excess of skilled researchers. There are jobs for
these researchers in academia, industry, and government,
but approximately 47% of trainees pursue jobs in non-re-
search intensive positions.43 While this analysis shows that
the productivity of three predoctoral trainees exceeds that
of a staff scientist for the same financial cost, the unseen
cost to the enterprise is the production of three additional
skilled researchers to advance in the workforce. Second,
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increasing staff scientists will increase stability of the
workforce. In 2018, 25% of the predoctoral trainees and
54.6% of the postdoctoral trainees in the biological and
biomedical sciences were temporary visa holders. The di-
versity of background of temporary visa holders and their
productivity are assets to the biomedical workforce. Forces
external to biomedical research can impact this component
of the workforce, for example, policies intended to curb
foreign influence in science. Shifting the workforce to sup-
port more staff scientists could negate this type of threat to
biomedical science.

If primary publications are the valued metric in making
these decisions at the lab level, the costs associated with re-
placing trainees with a staff scientist exceed the anticipated
benefits in increased productivity, thus providing no incen-
tive for this transition. Other incentives, for example, lack of
access to graduate students, could drive the incorporation of
staff scientists into research programs out of necessity rather
than design to reshape the workforce. If there are institutional
commitments to redress the workforce imbalance in the bio-
medical research enterprise, researchers will require incen-
tives to transition the workforce to meet future needs. The
National Cancer Institute took the initiative by establishing a
support mechanism for staff scientists. Additional institutes
at the NIH should consider implementing similar programs.
NIH should also consider supplements to partially defray
the costs associated with employing staff scientists on RO1
grants (e.g., providing half of the cost) and mechanisms to
support staff scientists who are critical to team science ini-
tiatives. Academic and research institutions must also play a
critical role in any modification of the biomedical workforce.
Institutional investments to support staff scientists to promote
team science and protect their investment in research against
erosion of graduate and postdoctoral programs in response to
changes in the research enterprise are required. Universities
also respond to incentives, and a number of factors contribute
to maintaining the status quo. Just as individual PIs require
incentives to modify their workforce, academic institutions
may require incentives to invest in restructuring the work-
force. Forward thinking and proactive institutions will posi-
tion themselves advantageously to meet future challenges to
the biomedical research enterprise.
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