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Overall Summary of the NIH Director’s New Innovator Award Evaluation by
the NIH

The NIH Director’s New Innovator (NI) Award program was created in 2007 to support
exceptionally creative early career stage investigators who propose unusually bold research with
the potential for broad impact. Early career stage investigators are defined as those within ten years
of receipt of their terminal research degree or completion of clinical residency and who have not
yet received substantial NIH funding. The NI Award program complements other NIH efforts to
support early career stage investigators by focusing on high-risk high-reward research conducted
by unusually promising investigators. It is one of the four initiatives that constitute the NIH
Common Fund High-Risk High-Reward (HRHR) Program.

In September 2014, NIH commissioned the Science and Technology Policy Institute (STPI) of
the Institute for Defense Analysis to undertake an independent evaluation of the outcomes of NI
Awards since by that time the first three cohorts of awardees had completed their five-year project
periods. The two major areas of interest for NIH in the evaluation were whether the NI Award
program was achieving its intended objective of fostering HRHR research and whether the NI
Award program was jeopardizing the awardees’ careers by encouraging them to pursue risky
projects at a particularly vulnerable stage in their careers. The two key study questions thus were
articulated as: 1) Is the NI research significantly more innovative, high risk, or impactful than
traditionally funded NIH research? and 2) What are the impacts, both positive and negative, of NI
awards on the careers of awardees compared to the career impacts of a comparable traditional
NIH award?

STPI approached these two key questions using comparison groups and a mixed-mode method
of analysis. To address the first key question, a matched set of early career stage investigator RO1
awardees (“ESI RO1 awardees™) was assembled. The ESI RO1 awardee comparison group was
generated by first starting with the set of all ESI R01 awardees who received their RO1s in 2007-
2009. Each of the New Innovator Awardees was matched to one of the ESI RO1 awardees in this
set based on degree type, year of award, area of research, publication frequency prior to award,
gender, and institution type. The matched ESI RO1 awardee group was then used as a comparison
group for conducting the bibliometric analyses, awardee surveys, case-study interviews, and senior
scientist reviews of research publications. To address the second key question, the set of
investigators who fared well in the review of their NI Award applications but did not receive the
award (the “Finalists”) was used as an additional comparison group, along with the ESI RO1
Awardees. Comparisons were made using awardee/finalist surveys, case-study interviews with
selected awardees, subsequent funding analyses, and bibliometric analyses. STPI reported the
comparison evaluation with the ESI R0O1 awardees and comparison evaluation with the Finalists
separately. This summary is being provided by NIH to integrate the findings from both reports.
All charts in this summary are adapted from those presented in the evaluation reports. Readers are
encouraged to consult the full reports for details.


https://grants.nih.gov/policy/new_investigators/history.htm
https://commonfund.nih.gov/highrisk/index
https://commonfund.nih.gov/highrisk/index

Summary of findings pertaining to key study question 1: Is the NI research significantly more
innovative, high risk, or impactful than traditionally funded NIH research?

For this key study question, the ESI RO1 awardees were used as the comparison group.

Bibliometric analyses: Only publications supported by the awards were considered in
this analysis. The NI Awardees scored higher in bibliometric measures associated with
impact per publication and lower in publication numbers and publication rate (Table 1).
The lower publication numbers and rates for NI awardees may be due in part to research
projects that were less developed and with less supporting data at the time of application
than was with case with ESI R01 Award applications.

Table 1. Comparison of bibliometric indicators

Bibliometric indicator NI Awardees compared with
ESI RO1 Awardees

Average Citations per Publication awardee RO

IPP (Journal impact factor) awardee RO

RCR (Relative Citation Ratio) awardee RO

SNIP (Journal Source-Normalized Impact per Paper) awardee RO

SJR (Scilmago Journal Rank) awardee RO

H - Index No statistically significant difference
Number of publications ESI RO1 awardees > NI awardees
Average annual publications ESI RO1 awardees > NI awardees
Time to first publication (Faster is greater) ESI RO1 awardees > NI awardees

Awardee surveys and expert analyses: Awardees were asked to assess the characteristics
of their own funded research. In almost all aspects evaluated, NI Awardees more strongly
characterized their own research to possess the attributes associated with innovative,
risky, and impactful research than ESI RO1 awardees characterized their own research to
possess these attributes (Table 2). In addition, case studies were performed in which
selected NI Awardees and ESI RO1 Awardees were interviewed in a semi-structured
format about the characteristics of their funded research and the effects of the award on
their careers. The results are qualitative and overall are consistent with the other modes of
analysis. Senior scientist subject matter experts were asked to evaluate awardee
publication packets assigned to them. In almost all aspects, senior scientists more
strongly characterized the publications of NI Awardees to possess the attributes of
innovative and risky research than they did when characterizing the publications of ESI
RO1 Awardees (Table 2).




Table 2. Comparison of Senior Scientist Reviews and Awardee Survey Results

Survey Item

Senior Scientist
Review

new idea

The research resulted in the formulation of a

The research resulted in the discovery of a
new phenomenon

NI awardees > ESI RO1

The research resulted in new synthesis of
disparate ideas

NI awardees > ESI R0O1

a theoretical concept

The research resulted in the advancement of

NI awardees > ESI RO1

The research resulted in the development of
a new technology

NI awardees > ESI R01

The research resulted in the development of
a new methodology

NI awardees > ESI RO1

Research a significant departure from
previous research

Awardee Survey

NI awardees > ESI RO1
NI awardees > ESI RO1
NI awardees > ESI RO1

NI awardees > ESI RO1

No statistically significant
difference

Research required knowledge outside of
field

Research involved novel combination of
ideas

NI awardees > ESI RO1

Research at odds with prevailing thinking

No statistically significant
difference

Research required novel technique or
equipment

NI awardees > ESI RO1

The research combined fundamental
principles, models, or experiments in novel
ways

NI awardees > ESI RO1

The research pursued an approach that was
contrary to the norm

NI awardees > ESI RO1

The research applied cutting-edge
approaches

NI awardees > ESI RO1

The research will have a significant impact
on the field

NI awardees > ESI R01

The research was innovative

NI awardees > ESI RO1

The research cut across multiple disciplines

NI awardees > ESI R01

The research introduced novel theoretical
ideas

NI awardees > ESI RO1

The research introduced radically different
tools

NI awardees > ESI RO1

The research will revolutionize the field

NI awardees > ESI RO1

The research was rigorous

No statistically significant
difference

NI awardees > ESI R0O1

NI awardees > ESI RO1

NI awardees > ESI RO1

NI awardees > ESI RO1

No statistically significant
difference

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Summary of findings pertaining to key study question 2: What are the impacts, both positive

and negative, of NI awards on the careers of awardees compared to the career impacts of a

comparable traditional NIH award?



The ESI RO1 Awardees and Finalists were used as the two comparison groups with the New
Innovator Awardees. Career impacts were grouped into those affecting professional advancement,

ability to obtain new funding, and publication records pre- and post-award.

Professional advancement: Indicators of professional advancement were research
expansion, professional recognition, and employment status. In almost all indicators, no
statistically significant differences were noted with either comparison group (Table 3).
The only significant differences noted were in popular press coverage and percentage with
tenure decision pending (with respect to ESI RO1 Awardees) and journal cover features

(with respect to Finalists).

Table 3. Comparison of professional development indicators

Indicators of professional
development

NI Awardees compared
with ESI R01 Awardees

NI Awardees compared
with Finalists

Expanded to new disciplines

No statistically significant
difference

No statistically significant
difference

Expanded research lab

No statistically significant
difference

No statistically significant
difference

Formed new collaborations

No statistically significant
difference

No statistically significant
difference

Received honor/award

No statistically significant

difference

Popular press coverage

NI Awardees > comparison
group

Journal cover feature

No statistically significant
difference

No statistically significant
difference

NIH study section regular reviewer

No statistically significant
difference

No statistically significant
difference

NI Awardees > comparison
group

No statistically significant
difference

Received tenure

No statistically significant
difference

Applied for tenure (still pending)

NI Awardees > comparison

group

No statistically significant
difference

NA

Ability to obtain new funding: NI Awardees were compared to ESI RO1 Awardees and to
Finalists in their record of applying for and obtaining additional NIH funding. Only the
RO1 award data are presented here since the R0O1 is the primary method for investigator-

initiated NIH funding.

Compared with ESI RO1 Awardees, NI Awardees submitted and received more Type 1
(new) RO1 applications than did the ESI RO1 Awardees, but submitted and received fewer
Type 2 (continuing) RO1 applications (Table 4). This is to be expected since NI Awards
are not renewable and NI Awardees typically would submit a Type 1 RO1 application to
continue their research project; whereas, ESI R01 awardees typically would submit Type 2
RO1 applications to continue their research project. If Type 1 RO1 applications from NI
Awardees are compared with Type 1 and Type 2 R0O1 applications from ESI R01



Awardees, then the two groups are similar in most respects. Compared with the Finalists,
the NI Awardees are similar in most respects since most Finalists applied for Type 1 R01

awards after not receiving the NI Award.

Table 4. Comparison of RO1 application and funding record subsequent to initial

award/funding decision

NI NI Awardees NI NI Awardees
NI Awardees | Awardees compared Awardees NI compared with
compared compared with ESI R01 compared Awardees Finalists
Funding | with ESIROL | withESI | AWwardees with | compared
indicator Awardees R0O1 Finalists .W'th
Awardees NI R01 Finalists NI RO1
Type 1, Type 1,
RO1 Type 1 ROL Tvpes | ESIROL RO 1T YPE | RO1Type2 | Finalist RO1
yp Type 1&2 Type 1&2
Proportion  ENIFAIETe[/=E82 No statistically s,,\:gtisticall NI Awardees >
of group comparison significant significanty comparison
applying group difference difference group
m(::]jg; of NI Awardees > NI Awardees > sl,\:gtisticall No statistically
applications comparison comparison significanty significant
submitted (ks group difference LIRS
Percentage No - No No -
NI Awardees > . No statistically . - No statistically
o icaons (Al “oieieLY |sgnifian | SR | st
bp group 9 difference 9 9 difference
awarded difference difference | difference
Median L No No L
NI Awardees > No statistically - - No statistically
Qurr;it::zt[i%fns comparison significant ifatr:lsft:g:::ty ifatr:lsft:g:::ty significant
bp group difference 9 9 difference
awarded difference | difference
. I No No R
Proportion N Awa_rdees > No s:ta_ltlstlcally statistically | statistically l\_lo s_ta_ltlstlcally
of group comparison significant SO SO significant
) significant | significant :
funded group difference : : difference
difference | difference

Bibliometric record before and after award or funding decision: To glean insights into the
overall bibliometric impact of funding, bibliometric indicators of NI Awardees were
compared with ESI R01 Awardees and Finalists pre- and post-funding. “Pre- and post-
funding” means pre- and post-start of funding for the NI Awardees and ESI RO1
Awardees and means pre- and post-decision not to fund the NI Award application for the
Finalists. To more accurately assess the impacts of funding, a shift of plus one year was
added in demarcating the pre- and post-funding publication periods. Given the time it
typically takes for a manuscript to be reviewed and published, publications in the first
year of the award are considered to not have been supported by the NI Award or ESI R0O1




Award. A similar plus one year shift is applied to the Finalists so that the relative
bibliometric indicators of this group can be better compared to that of the NI Awardees.

The bibliometric indicators were grouped into impact (the impact per publication and
overall impact — H-index), productivity (the raw number of publications and rate of
publication), co-authorship (the degree to which collaborators were engaged), and
interdisciplinarity (the breadth of scientific topics covered in the investigator’s
publication portfolio as determined by the count of unique Scopus subject codes
represented in the portfolio). The primary differences occur in the “impact” category, in
which the NI Awardees have greater impact measures than do the two comparison
groups, except with respect to the H — index (Table 5). With most other indicators, the NI
Awardees are similar to the two comparison groups.

Table 5. Comparison of bibliometric indicators pre- and post-award/funding
decision

NI Awardees NI Awardees NI Awardees
; . NI Awardees ;
compared with | compared with compared with compared with
Bibliometric ESI RO1 ESI RO1 pare Finalists
. Finalists
Indicator Awardees Awardees

Post-decision +
Pre-award + 1 1

NIAVTETG SR No statistically  NIVANE s EEERS No statistically
comparison significant comparison significant
group difference difference

Post-award + 1 Pre-decision + 1

Average Citations
per Publication

IPP (Journal Impact NI Awqrdees > NI Awa_rdees > NI Awa_rdees pd NI Awa_rdees >
comparison comparison comparison comparison
Factor)
SNIP (Journal NI Awardees > NI Awardees > NI Awardees > NI Awardees > o
Source-Normalized  [ReelpilsEIgEeN] comparison comparison comparison P
Impact per Paper) group group group group
. NI Awardees > NI Awardees > NI Awardees > NI Awardees >
SJR (Scilmago . . . .
comparison comparison comparison comparison
Journal Rank)
group group group group
No statistically | No statistically | No statistically
H - Index significant significant significant
difference difference difference -
No statistically | No statistically | No statistically No statistically
Number of Lo LT Lo .
ublications 5|.gn|f|cant S|_gn|f|cant S|_gn|f|cant S|_gn|f|cant
P difference difference difference difference Produc-
No statistically ENIFAVEIGEESSEN No statistically No statistically tivity
Average Annual L . LT .
P significant comparison significant significant
Publications : : .
difference group difference difference




NI Awardees NI Awardees NI Awardees
; : NI Awardees X
compared with | compared with compared with compared with
Bibliometric ESI RO1 ESI RO1 F?nalists Finalists
Indicator Awardees Awardees
Pre-decision + 1 | " ost-decision +
Pre-award + 1 | Post-award + 1 1
Average number of | No statistically | No statistically | No statistically No statistically |
co-authors per significant significant significant significant
publication difference difference difference difference
No statistically | No statistically FNFAWEG S No statistically
Unique co-authors significant significant comparison significant
difference difference group difference Co-
. No statistically | No statistically | No statistically No statistically authorship
Unique co-author - LT LT .
institutions significant significant significant significant
difference difference difference difference
. No statistically | No statistically | No statistically No statistically
Unique co-author - LT LT .
countries significant significant significant significant
difference difference difference difference _

Total unique subject No sttfa_ltlstlcally No s_'?tlstlcally No s_gce_ltlstlcally l\_lo s_tfe_ltlstlcally Interdisc-
codes significant significant significant significant iplinarity
difference difference difference difference

Conclusions:

Key study question 1: “Is the NI research significantly more innovative, high risk, or impactful
than traditionally funded NIH research?’” The mixed-mode method of evaluation used suggests
that, with most measures, the New Innovator Award program supports research that is more
innovative, risky, and impactful than research that typically is reviewed and funded using the
traditional RO1 program. This conclusion should not be construed to mean that traditional R01
funding does not support impactful research, but rather that New Innovator Award program has
been successful in specifically targeting research that is inherently risky and with the potential for
unusually great impact. It also follows that the New Innovator Award program has succeeded in
identifying researchers who are capable and willing to undertake such research. It should be noted
that the evaluation assesses only the first three cohorts of the NI Awards. The research
characteristics of later cohorts may have changed as may have the research characteristics of the
broader ESI RO1 awardee community.

Key study question 2: “What are the impacts, both positive and negative, of NI awards on the
careers of awardees compared to the career impacts of a comparable traditional NIH award?”
The mixed-mode method of evaluation used suggests that, with most measures, the New
Innovator Award did not have a significantly more positive or negative impact on the careers of
its awardees than did the ESI R01 Award. As indicated in the introduction, a primary motivation
for posing this question was the concern of whether supporting early career stage investigators
pursuing high-risk research was placing their research careers in jeopardy. However, the results
indicate that in terms of ability to secure subsequent NIH funding and advance along the career
path, the NI Award does not place its recipients at a particular disadvantage. It should be noted




that this evaluation only considers the first three cohorts of NI Awardees, so there may be
temporal confounders that affect this analysis, since the qualities of investigators attracted to this
program as well as the academic community’s awareness and perception of this program may
have changed over time. It also should be noted that only a few (1 — 3) years after the end of the
project period are considered here and that longer term trends in research productivity and
impact may not yet be apparent.
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Executive Summary

In September 2014, the National Institutes of Health (NIH) Office of the Director contracted
with the IDA Science and Technology Policy Institute (STPI) to evaluate the research and career
outcomes for the 2007-2009 recipients of the Director’s New Innovator (NI) Award Program. This
evaluation builds on previous NI award studies that STPI performed in 2011, including assessment
of the feasibility of evaluating the research and career outcomes of the 2007-2009 NI awardees.
The 2011 feasibility assessment determined that, by 2014, the 2007-2009 NI awardees would have
had enough time to complete their research, publish the results, and experience the effects of the
award on their career trajectories.

The NI Award Program was modeled after the successful NIH Director’s Pioneer Award
(NDPA) and targets investigators within 10 years of their terminal research degree or medical
residency who have not yet competed successfully for a substantial NIH research grant. Both the
NDPA and NI award programs differ from the traditional NIH Research Grant Program (R01)
awards (which support discrete, specified, circumscribed research projects) in ways that are
designed to enable innovative and higher-risk biomedical and behavioral research.

Methods

The primary assessment tools used in STPI’s mixed-methods approach to this NI award
outcome evaluation are as follows:

e Awardee survey. The STPI team designed a survey to query NI awardees about their
perceptions of their research and awards. Questions focused on whether they perceived (1)
their research to be high-risk and innovative; (2) the NI award to have had distinct impacts
on their career progression; and (3) the NI award mechanism to have been different from
traditional RO1 grant mechanisms. The survey was also distributed to a matched
comparison group of 115 Early Stage Investigators (ESI) who received their first RO1 in
2007-2009 and matched the NI awardees on the characteristics of gender, pre-award
publications, institute type (terminal degree), degree type, research area, and award year.

e Senior scientist review. The STPI team developed another survey to obtain senior
scientists’ expert opinions of the innovation and potential scientific impact resulting from
their review of NI awardee research, generally in the form of manuscripts the awardees
provided through the Awardee Survey. The senior scientists the STPI team selected to
survey were investigators whose RO1 grants were in their tenth or greater consecutive year
and who had served 6 months or longer on an NIH review committee. Concepts from the
NIH Research, Condition, and Disease Categorization Process were used to pair reviewers
with awardees.
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Bibliometric analysis. The STPI team analyzed data on publications attributed to the NI or
ESI RO1 award (attributed publications) and on all papers published by the awardee (career
publications). In the career publication analysis, pre-award publications (hnumber of papers
published prior to receiving an NI or ESI award plus 1 year) and post-award publications
(number of papers published after receiving an NI or ESI award minus 1 year) were
compared to assess changes in productivity (e.g., total publications), impact (e.g., Relative
Citation Ratio), coauthor network (e.g., average coauthor per publication), and
interdisciplinarity (e.g., unique subject codes).

Grant analysis. To evaluate the ability of NI awardees to compete successfully for grants
after receipt of the NI award, the STPI team collected NI and ESI R0O1 grant information
for analysis. The analysis included numbers of NDPA and RO1 applications and awards
and numbers of applications submitted and grants received by NI awardees for new
competitive grants and competitive grant renewals.

Case study interviews. The STPI team conducted case study interviews with selected NI
and ESI RO1 awardees. These semi-structured interviews obtained more in-depth,
anecdotal, and qualitative information about the research output from the awards and the
impact of the awards on recipients’ career progression. The case study interviews also
solicited recommendations from NI awardees on ways to improve the NI Award Program.

Integration of Findings

The diverse results the team obtained through the surveys, bibliometric and grant analyses, and
case study interviews fell into three areas: research, career, and award mechanism.

Research

The research component of the evaluation considered the extent to which research conducted
by NI awardees was more innovative, higher risk, and more impactful than research conducted by
an ESI RO1 comparison group. The STPI team integrated results from the awardee survey, senior
scientist review, and case studies to address the constructs of innovation and risk. A summary of
the team’s findings are as follows:

Innovation: For the purposes of this report, innovative research is operationalized as the
development, use, and diffusion of novel, interdisciplinary ideas. Overall, NI awardees
rated their research as more innovative than ESI RO1 awardees rated their research, and
senior scientist reviews were more likely to rate NI research as more innovative than ESI
RO1 research. STPI found no significant difference in interdisciplinarity for NI and ESI
RO1 awardee research for attributed publications as measured by the number of unique
subject codes assigned to journals publishing awardee research.

Risk: The STPI team defined high-risk research as having an inherent, high degree of
uncertainty and the capability to produce a major impact on important problems in
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biomedical or behavioral research. Overall, NI awardees and senior scientist reviewers
perceived NI awardee research as having more of the characteristics of high risk than ESI
RO1 awardees and senior scientist reviewers perceived for ESI R01 research.

Impact: To assess the potential of NI research to have a major scientific impact, the STPI
team examined the extent to which the research could lead to, or was likely to lead to,
advances in biomedical or behavioral research. Overall, NI awardees’ award-attributed
publications had higher citation rates and journal impact factors than ESI RO1 awardees’
award-attributed publications, suggesting higher research impact. NI awardees publish
fewer attributed publications than ESI R0O1 awardees, annually and in total, and take longer
to publish. This may be explained, in part, because more data may be required to publish
innovative findings and more iterations of journal review may be needed to publish in high-
impact journals.

Career

The career component of the evaluation considered the extent to which the NI award influenced
the careers of awardees compared to the career impacts of comparable traditional NIH awards. The
STPI team used the awardee survey, grant records, and case studies to assess characteristics of
professional advancement and ability to obtain new funding. Bibliometric analysis methods were
used to ascertain award effects on career publications. A summary of the team’s findings in these
areas are as follows:

Professional advancement: To assess professional advancement, the STPI team analyzed
indicators of laboratory and research expansion, professional recognition, and employment
status. Approximately the same percentage of NI and ESI R01 awardees expanded their
laboratories and changed institutions after receiving their respective awards. There was no
statistical difference in NI and ESI R0O1 awardee employment, and the majority of
respondents reported being employed by academic institutions. There was no significant
difference in interdisciplinarity for NI and ESI R01 awardee research for career
publications as measured by this approach. Overall, the NI award does not accelerate nor
impede professional advancement.

Ability to obtain new funding: The STPI team examined application and award records to
determine whether NI and ESI R01 awardees differed in their ability to compete for NIH
funding after their respective awards. STPI found that NI awardees were more likely to
submit applications and receive grants. NI awardees submit more applications for DP1 and
RO1 Type 1 (new) competitive grants than ESI RO1 awardees submit, and to receive more
awards. The converse occurs for RO1 Type 2 (competitive renewal) awards. NI awardees
apply for and receive fewer RO1 Type 2 grants than ESI RO1 awardees receive. Comparison
of NI awardees’ RO1 Type 1 and ESI RO1 awardees’ R0O1 Type 1 and Type 2 (combined)
grants indicates that NI awardees submit more applications, but the groups have a similar
likelihood of being funded.
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Award effects on career publication: To assess the broader effects of the NI award on the
awardee’s career, the STPI team used bibliometric approaches to compare characteristics
of NI and ESI RO1 career publications. The team assessed impact and productivity,
interdisciplinarity, and, as a measure of collaboration, co-author networks. The team found
that NI awardees had higher journal impact factors than ESI RO1 awardees both prior to
and following their awards; however, there was no difference in the citation rates for post-
award career publications for the two groups. In addition, NI and ESI RO1 awardees wrote
similar numbers of career publications after receipt of their awards, and although the
average number of NI awardee annual publications increased. NI and ESI RO1 awardees
were also similar in their co-author networks as well as in the interdisciplinarity of the
research in their career publications.

Award Mechanism

The award mechanism component of the evaluation considered the extent to which the novel
aspects of the NI award mechanism were perceived as beneficial to the awardee, as reported in
response to the awardee survey. A summary of the team’s findings are as follows:

Award process: As a measure of the alignment of NI awardee research with traditionally
funded NIH research, the STPI team examined awardee perspectives on the likelihood that
their research could fit the traditional NIH RO1 research paradigm and review process. The
team concluded that NI awardees were more likely to perceive their research as non-
traditional and inconsistent with the NIH grant process. Further, while they would have
sought NIH funding for their NI award research, the NI awardees believe that they would
be more successful obtaining funding from non-NIH sources.

Scope and flexibility: The STPI team also examined awardee perspectives on the scope and
flexibility of their awards and found that NI awardees perceived their awards as having the
flexibility and time to allow for non-traditional research; however, both NI and ESI R0O1
awardee groups reported modification of their research proposals during the 5-year grant
cycle.

Key Questions Addressed

The STPI team used the integrated findings from its outcome evaluation for the 2007-2009
cohort of NI award recipients to answer the evaluation’s two key questions:

1.

Is the NI research significantly more innovative, high risk, or impactful than traditionally
funded NIH research? The STPI evaluation demonstrates that, for the metrics and time
course employed in this evaluation, the NI Award Program is successfully attracting and
funding early career researchers who are proposing and conducting innovative, high-risk,
and impactful research. The STPI team acknowledges the time limitation of this evaluation.
The NI awards were made in 2007-2009. As 5-year awards, these early career investigators
were 1-3 years post award, and the need for more time for innovative and high-risk
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2.

research to mature, or the impact of the research to be realized, may be necessary. This
consideration may be explained, in part, by the need to produce more data to publish
innovative findings, and by the fact that more iterations of journal review are often needed
to publish in high-impact journals and accrue citations. It is also possible that productivity,
as measured by number of publications and time between award and first publication, may
be counter to the goals of the NI award, which promotes a flexible, high-risk research plan
and the ability to fail and re-direct research. It is important to note that STPI did not
evaluate the maturity of the innovative research nor assess whether it could be translated
successfully to traditional NIH R0O1 funding. The STPI grant analysis suggests that NI
awardees, as a group, were successful in applying for and receiving R01s, although over a
third received no new R01 awards following receipt of their NI awards.

What are the impacts, both positive and negative, of NI awards on the careers of awardees
compared to the career impacts of a comparable traditional NIH award? The STPI
evaluation demonstrates that receipt of the NI award did not provide an advantage to NI
awardees over the ESI RO1 award, as measured by the research, the laboratory, and most
professional recognition indicators employed in this evaluation. This finding may be a
function of the early career status of both awardees groups. Early career investigators at
academic and research institutions, regardless of funding mechanism, are focused on
factors that are essential to career progression and tenure, such as establishing an
independent research program, expanding laboratory resources and collaborative networks,
and publishing peer-reviewed papers. The STPI team also noted characteristics of NI
awardees that may indicate a higher likelihood of career success beyond the timeframe
covered in this analysis. For example, NI awardees have higher journal impact factors for
their award-attributed and career publications than ESI RO1 awardees. Further, they are
more likely to submit applications for new NIH competitive grants, including the NIH
Director’s Pioneer Award (NDPA), and be funded. The team identified no negative impacts
of the NI award on career trajectory through the awardee survey. A few case study
interviewees noted that their institutions did not recognize the NI award as meeting the
funding criterion for tenure because it was not seen as equivalent to an RO1 award and it
lacked the flexibility of a no-cost extension, which can hamper innovative research that
needs to be redirected and may require more than 5 years to complete.

Conclusion

The data reported in this evaluation show that the NIH Director’s New Innovator Award

Program has successfully attracted early career investigators who used the novel aspects of the
program to propose and conduct innovative, high-risk, and impactful biomedical and biobehavioral
research. The NI award does not significantly accelerate or impede the career trajectory of NI
awardees. It is important to note that the STPI evaluation does not demonstrate that the NI Award
caused changes in the indicators and metrics evaluated. Rather, the evaluation assesses the status
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of indicators for NI awardees compared to an awardee group similar in characteristics who
received a different but comparable award.
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1. Introduction

A. Overview of the National Institutes of Health Director’s New Innovator
Award Program

The National Institutes of Health (NIH) Director’s New Innovator (NI) Award Program was
created in FY 2007 to stimulate highly innovative research and support promising new
investigators who may not have the preliminary data to fare well in the traditional peer review
system.? This is the second NIH Director’s award program within the High Risk Research
Initiative operated by the NIH Office of the Director to support innovative biomedical and
behavioral research. The NI program was modeled after the successful NIH Director’s Pioneer
Award (NDPA) and targets early stage investigators, that is, investigators within 10 years of their
terminal research degree or medical residency who have not yet competed successfully for a
substantial NIH research grant, such as the NIH RO1 grant or equivalent.? The NDPA and NI award
programs differ from the traditional NIH R0O1 awards in several respects. Both programs have
review criteria that emphasize the creativity and innovative thinking of the investigator,
applications are relatively brief, preliminary data are not required, and the review process is
conducted by ad hoc committees of extramural reviewers rather than the traditional study sections
operated by the Center for Scientific Review. Additionally, NI award proposals do not require a
detailed budget submission, and the funds are disbursed in total at the beginning of the grant. Each
NI award allocates the total 5 years of funding ($1.5 million total direct costs) at the time of award.
Although NI award funding is similar to the value of 5-year R01 grants, this approach allows more
flexible use of funds by NI awardees and modification of research direction based upon research
results. The differences between the NIH Director’s New Innovator Award Program and the
traditional RO1 mechanism are designed to enable innovative and higher-risk biomedical and
behavioral research.

B. Purpose of the Outcome Evaluation

In September 2014, the NIH Office of the Director contracted with the IDA Science and
Technology Policy Institute (STPI) to evaluate the research and career outcomes of the 2007-2009
NI awardee cohorts so that NIH might understand if the NI-program-supported innovative research
and promising young investigators. This evaluation builds on the previous NI award studies that
STPI performed.

! Funding Opportunity Announcement: 2007 NIH Director’s New Innovator Award Program (DP2).
http://grants.nih.gov/grants/guide/rfa-files/RFA-RM-07-009.html

2 Grants considered equivalents include R23, R29, R37 or U01.
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In 2011, the STPI team conducted an evaluation of the process to solicit and select NI
awardees.® Later the same year, the STPI team also assessed the feasibility of evaluating the
research and career outcomes of the 2007-2009 NI awardees* and determined that, by 2014,
sufficient time would have elapsed for the investigators to complete the research in their awards,
publish the results, and experience the effects of the award on their career trajectories.

C. Study Questions

The 2007-2009 New Innovator Funding Opportunity Announcements and the STPI 2011
Feasibility Study provide the framework for the goals of the research and career outcomes
evaluation. Based upon these documents, and in consultation with NIH, the STPI team addressed
the following two key study questions:

1. Is the NI research significantly more innovative, high risk, or impactful than traditionally
funded NIH research?

To understand these key concepts, the STPI team performed a literature review on the
definitions and characteristics of innovation, risk, impact, and interdisciplinarity
(Appendix A). For the purposes of this study, high-risk, high-reward research is defined
as research with an inherently high degree of uncertainty and the capability to produce a
major impact on important problems in biomedical and behavioral research. Innovative
research is defined as duplicable knowledge considered new in the context in which it is
introduced and demonstrated to be useful in practice. The STPI team defined
interdisciplinarity as a mode of research that integrates concepts, methods, or data from
two or more bodies of specialized knowledge or research practice to advance new
fundamental knowledge or to solve complex problems whose solutions are beyond the
scope of a single field of research practice (STPI NI Award memo on interdisciplinarity,
January 2015).

2. What are the impacts, both positive and negative, of NI awards on the careers of awardees
compared to the career impacts of a comparable, traditional NIH award?

The impact of the NI award on an awardee’s career is assessed through indicators of
professional advancement such as the receipt of honors and awards, expansion of awardees’
laboratories, development of collaborative networks, tenure, employment status, and ability to
obtain new funding.

Process Evaluation of the National Institutes of Health Director’s New Innovator Award program: 2007-2009
(2011).

4 Feasibility Study of an Outcome Evaluation of the National Institutes of Health’s New Innovator Award
Program (2010).
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D. Scope of the Evaluation

This study used a mixed-methods approach to assess the NI award impact on research outputs
and awardee career trajectory. This approach compensates for the limitations inherent in any single
method by providing multiple data streams that can be integrated into overarching findings. For
this NI award evaluation, the STPI team performed a literature review, designed and administered
two surveys, completed a bibliometric analysis and a grant analysis, and conducted case study
interviews. The 2007-2009 NI awardee cohorts and a matched comparison group of Early Stage
Investigators (ESI RO1 Awardees) receiving their first RO1 provided the study populations. A
synopsis of the primary assessment tools is provided here, and detailed information on the
analytical methods is introduced at the beginning of each survey or assessment section.

1. Awardee Survey

The purpose of the Awardee Survey was to query NI awardees on their perceptions of their
research and award. Specifically, the survey instrument was designed to assess, in contrast to a
matched comparison group, whether the 115 NI awardees perceived their research to be high-risk
and innovative; the NI award to have had distinct impacts on their career progression; and the NI
award mechanism to have been different from traditional NIH grant mechanisms. The matched
comparison group consisted of 115 ESI RO1 awardees who received their first RO1 in 2007-2009
and matched the NI awardees on the characteristics of gender, pre-award publications, institute
type (terminal degree), degree type, research area, and award year. (Both surveys are provided in
Appendices D and E.)

2. Senior Scientist Reviewer Survey

The STPI team developed a second survey instrument to obtain senior scientists’ expert
opinions of the innovation and potential scientific impact resulting from NI awardee research,
generally through the review of manuscripts provided by the awardees through the awardee survey.
Using the IMPAC Il database, accessed through Query View Report (QVR), the STPI team
derived a list of researchers whose RO1 grant was in its tenth or greater consecutive year and who
had served 6 months or longer on an NIH review committee. RCDC® concepts were used to pair
reviewers with awardees. Senior scientists reviewed the three outputs (typically publications)
chosen by the awardees and assessed research innovativeness and potential impact on the field of
science. (The full survey is provided in Appendix F.)

> RCDC is NIH’s Research, Condition, and Disease Categorization Process, which was created in 2009 to provide

a consistent classification system for NIH-funded research. RCDC uses a computerized process to tag projects
with one or more categorizations. There are 265 unique categories, each of which represents a research area
(e.g., neuroscience), disease (e.g., asthma), or condition (e.g., chronic pain). Source: NIH Research Portfolio
Online Reporting Tools (RePORT), “Frequently Asked Questions,” https://report.nih.gov/rcdc/fags.aspx.
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3. Bibliometric Analysis

Bibliometric analyses were performed on publications attributed to the NI or ESI R01 award
(attributed publications) and on all papers published by the awardee (career publications). In the
career publication analysis, pre-award publications (the number of papers published prior to
receiving the NI or ESI RO1 Award plus 1 year) and post-award publications (all papers published
after receiving their award plus 1 year) were compared to assess changes in productivity (e.g., total
publications), impact (e.g., Relative Citation Ratio (RCR)), coauthor network (e.g., average
coauthor per publication), and interdisciplinarity (unique subject codes).

4. Grant Analysis

To evaluate the ability of NI awardees to compete successfully for grants after receipt of the
NI award, the STPI team derived NI and ESI RO1 grant information from the IMPAC Il database
and analyzed the number of all Type 1 (new competitive grants) and Type 2 (competitive renewals)
applications submitted and grants received by awardees, as well as the number of DP1 and RO1
applications and awards.

5. Case Study Interviews

The STPI team conducted case study interviews with selected NI and ESI RO1 awardees. These
semi-structured interviews obtained more in-depth, anecdotal, and qualitative information about
the research output from the award and the impact of the award on career progression. The case
study interviews also solicited recommendations from NI awardees on ways to improve the NI
Award Program.

E. Overview of the Report

This report is divided into eight chapters and has nine appendices. Following the introduction
(Chapter 1) and development of comparison groups (Chapter 2), Chapters 3—7 detail the methods
and results for the awardee survey, senior scientist review, bibliometrics analysis, grant analysis,
and case studies, respectively. Chapter 8 integrates the results into overarching findings and relates
them to the key study questions, and Chapter 9 relates them to the key study questions. The
appendices contain supplementary information on methodology, and copies of the survey and
review instruments.
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2. Establishing Comparison Groups

A well-defined comparison group is essential to the evaluation of New Innovator awardee
research and career outcomes. The New Innovator Award program targets ESI RO1 awardees, or
those researchers who are within 10 years of their terminal research degree or medical residency
and who have not yet competed successfully for a substantial NIH research grant. The ESI
designation is also used in the NIH review of traditional RO1 applications, and this population of
researchers is designated ESI RO1 recipients. Therefore, NI and ESI RO1 awardees (hereafter
called ESI RO1 awardees) have similar early investigator status and receive awards of similar size
and length. They differ in the intent of the research because the awards support two contrasting
types of research—nhigh risk, innovative (NI award) versus traditional research (ESI RO1 award).
Identification of an ESI RO1 comparison group that matches the NI awardee group on important
characteristics but differs on the research award allows the STPI team to evaluate the impact of
the NI award on the NI awardee research and career outcomes.

A. ldentifying an ESI R0O1 Comparison Group

Development of an ESI RO1 comparison group requires the following workflow: (1) identify
a valid candidate pool of ESI RO1 recipients who received their ESI R01 from 2007-2009; (2)
establish a database of important background characteristics to match ESI RO1 and NI awardees;
and (3) using matching algorithms, identify a matched subset of ESI RO1 awardees who are similar
to NI awardees in terms of background characteristics that may affect outcomes of interest.

1. Identifying Candidate Pool of ESI RO1 Awardees

NIH’s QVR system contains a data element delineating a researcher’s ESI status through a
check box. This approach does not indicate when ESI status was initiated or when it expired.
Therefore, the STPI team developed a method to accurately identify ESI RO1 awardees, as defined
by NIH.

The STPI team first identified a pool of all candidates who received an RO1 award within the
study period of 2007-2009, resulting in a collection of approximately 95,000 records from the
QVR system. From this list of 2007-2009 RO1 recipients, the team selected only records which
were designated as new or Type 1 projects. This reduced the pool of candidates to approximately
13,500 records. To accurately identify ESI RO1 awardees from this pool of RO1 awardees, the team
then applied the NIH criteria for ESI eligibility to the collected QVR data. The STPI team also
confirmed by manual review that the Pl had not received an R01 before the award date of the
2007-2009 grant under consideration.

a. Determining ESI Eligibility for RO1 Awardees

To accurately identify ESI RO1 awardees from this pool of RO1 awardees, the STPI team then
applied the NIH criteria for ESI eligibility to the collected QVR data. The team determined which
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degrees were “terminal degrees”® and manually identified the date of completion for these terminal
degrees in the IMPAC 11 database and added 10 years. This date was then compared to the award
date of the grant to select which Pls were ESIs at the time of their first RO1 award.

Doctors of Medicine (MDs) maintain ESI eligibility for 10 years after the end of their
residency. The timeframe for medical residency is delineated in a physician scientist’s NIH
Biosketch and required manual inspection to determine ESI eligibility. Because medical residency
data are inconsistently reported in the NIH Biographical Sketch, it was not feasible to efficiently
collect residency end dates for all MDs in the ESI RO1 candidate pool. Therefore, all MDs were
included in the matching analysis, and their records were inspected post hoc for ESI eligibility.
Only ESIl-eligible MDs were retained in the candidate ESI RO1 pool.

b. Removing Duplicate Records in the ESI R01-Eligible Pool

The STPI team also determined that projects listed in QVR for the pool of approximately 3,600
ESI RO1 Awardees could have multiple records if multiple Pls were listed on the application or if
there were supplemental awards. Duplicate records were identified and removed based upon their
NIH Project Code excluding suffixes,” while making sure to retain the record of the contact PI of
the project as well as the primary award (no supplements or amendments). The final candidate
pool was composed of 2,965 researchers.

B. Characteristics to Match NI and ESI R01 Awardees
1. Matching Areas of Science with Topic Modeling

Matching a comparison group based upon the awardees’ area of science is important because
the expected outputs and outcomes of research may vary across scientific fields. For example, the
standard rate of publications may be quite different in fields such as plasma physics when
compared to molecular biology. In fact, using specific techniques, such as electrophysiology, can
affect the standard rate of publications even within a given field. Therefore, to obtain an ontology
of science areas that provides a useful level of granularity while mitigating risks of human biases,

6 Terminal degrees were determined by the study group to be the following: Doctor of Philosophy (PhD), Doctor

of Medicine (MD), Doctor of Science (DSc or ScD), Doctor of Public Health (DPH), Doctor of Veterinary
Medicine (DVM), Doctor of Dental Surgery (DDS), Doctor of Osteopathic Medicine (DO), and Doctor of
Pharmacy (PHMD).

NIH Project Codes are composed of the acronym of the administrating IC, a five digit serial number, and a suffix
composed of a hyphen (grant year) (additional information). For example, the first supplement of a project
within its third year from the Office of Director may look like this: OD00123-03S1. For the purposes of de-
duplication, unless otherwise stated, we only use the Project Code excluding its suffixes: OD00123, from the
example.
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the STPI team used a topic modeling algorithm to organically develop topics from a designated
corpus.

a. Topic Model Methodology

Topic modeling is a form of natural language processing that estimates the distribution of
abstract concepts (called topics) across a collection of documents (A and B in Figure 1). The
technique identifies patterns of co-occurring terms within individual documents in order to
construct topics (C in Figure 1). Each topic assigns the probability of a term appearing for a given
topic. For example, cell and DNA would have a high probability of appearing together in a given
topic, while terms such as DNA and black hole would have a relatively low probability of appearing
together. Documents can then be described as a distribution of the topics generated by the model
(D in Figure 1).
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Figure 1. Basic Topic Modeling Process

For this study, abstracts from projects of NI awardees as well as the entire ESI-eligible awardee
pool were used as inputs to build multiple topic models with varying numbers of topics. Abstracts
that were not available for automatic download on QVR were manually extracted from the
awardee’s application. Using the topic label and terms that were generated by the algorithms for
each topic, the STPI team manually validated the models through the examination of coherency
topics. The most coherent and parsimonious model was used as an input to the matching algorithm.

b. Identifying and Verifying the Most Parsimonious Topic Model

The topic model algorithm generated multiple models, each containing different numbers of
topics. Choosing the model with the most appropriate number of topics for inclusion in the
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matching algorithm required assessing the modeling statistics, including the r?, log-likelihood, and
coherence values of the model. Probabilistic coherence is a metric developed by STPI that
measures the propensity for the top words in a topic to appear together within documents.
Averaging the coherence of all topics within a model has been shown to provide the most
informative metric for identifying potential models. Isolated peaks in the coherence plots are
indicative of the most coherent models (Figure 2).
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Note: Coherence plots of varying number of topics tend to generate multiple isolated
peaks. These models are considered candidates that must be manually verified by
STPI or subject matter experts in order to identify the most parsimonious model.

Figure 2. Coherence Plot of Topic Models Generated with 10-200 Topics

The final step of verifying the topic models and identifying the most parsimonious model for
inclusion in matching algorithm required human judgement. The STPI team examined the models
that were identified as candidates via their average coherence values. To identify the most
parsimonious model, the team examined every topic for each candidate model and the terms
associated with each topic, the topic’s label, the coherence scores, and the prevalence (or frequency
within the corpus) of each topic. We then identified topics that should be dropped either because
they were nonsensical or provided little value for the matching process. Topics determined to be
of little value to the matching process were usually ones that would be seen across a majority of
the corpus, e.g., topics that are built on terms such as “investigate,” “research,” or “examine.” If
models had over 10% of topics that were determined to be dropped, these models were discarded
from consideration.

c. Results

The STPI team determined that the topic model with 90 topics were the best candidates for
inclusion in the matching algorithm. In order to use the topic modeling results as inputs to the
matching algorithm, the document-to-topic matrix created by the topic model was transformed into
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an author-to-topic matrix, which allowed the results to be merged into the database containing all
of the other matching variables for the analysis.

The final results of the topic model are found in Appendix B. The mathematical and statistical
details underpinning topic modeling are beyond the scope of this report but available upon request.

2. Pre-Award Publication Frequency as a Matching Characteristic

Bibliometric research suggests a connection between publication rate (i.e., research
productivity) and innovation (Heinze and Bauer 2007; Simonton 2004). While the literature
describes constraints on research productivity by noting that quantity and quality of publications
matter, the number of pre-award publications, paired with the topic model matching, provides a
proxy for “researcher quality” in a field of research. Pre-award publications were defined as
publications published up to one year after the award of interest (i.e., RO1 or NI) was received and
were summed to create a pre-award publication count for each researcher.

Further information on the selection of a publication database and the determination of author
publications is provided in the bibliometric methods section.

3. Matching on Gender

Awardee gender was included as a matching variable to reduce variability in potential career
impacts that may be a function of gender.

4. Matching on Pedigree and Institution Type

The term “academic pedigree” is frequently used to categorize the prestige of the institutions
from which one obtains degrees or employment. The STPI team assessed four metrics to determine
whether the ESI comparison group could be matched to the NI Awardees by established measures
that rank institutions and universities.

e The Carnegie Classification of Institutions of Higher Educationis a framework for
classifying U.S. colleges and universities to identify groups of roughly comparable
institutions.

e The National Research Council (NRC) Data-Based Assessment of Research-Doctorate
Programs in the United States benchmarks accessible information on doctoral programs at
212 universities for the academic year 2005-2006 to permit program comparisons.

e NIH Research Funding by Institution ranks 1,491 institutions by research dollars received.
The STPI team divided the top 200 institutions into quartiles and classified the remainder
as 5+.

e U.S. News and World Report College Rankings categorizes U.S. colleges and universities
by 50 factors.

The STPI team determined that the NRC Data-based Assessment of 212 universities was
insufficiently comprehensive, and the U.S. News and World Report College Rankings included
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more non-academic than academic factors in its rankings. The limited scope of these two
classification tools precluded their use in assessment of pedigree for NI and ESI RO1 awardees.

The STPI team next developed the list of institutions at which the 115 matched pairs of NI
and ESI RO1 awardees received their terminal degrees and identified their NIH funding quartile
and Carnegie Ranking. No clear rank or quartile could be assigned to 27% and 30% of the
universities, respectively, including several international universities.

Based on this information, the STPI team was unable to use a semi-objective external measure
of institutional merit to reliably determine academic pedigree across all academic institutions
represented by the NI and ESI RO1 awardees. Although not a direct substitute, the team selected
institution type as a readily available characteristic that would provide an exact match between NI
and ESI RO1 Awardees. Institution type, that is, a medical institution, university, national
laboratory, or private company at which they performed their research, reflects the research culture
in which the NI and ESI RO1 research is performed.

5. Variables Excluded from Matching

The STPI team considered several other potential matching variables that were eventually
excluded from the matching analysis. Years Since PhD was excluded because there was little
variability between the NI and ESI groups for these variables given the selection criteria for NI
awardees and ESI RO1 awardees required that awardees were within ten years of their terminal
degree. Ethnicity and Job Title were not consistently reported across groups- therefore, these
variables were also eliminated.

C. Nearest Neighbor Matching on Mahalanobis Distances

While several methods for matching NI awardees to ESI RO1 awardees exist, nearest neighbor
matching on Mahalanobis distances is a versatile method that allows for exact matching on
nominal variables and nearest neighbor matching on continuous variables (Rosenbaum 2005).
Mahalanobis distances indicate how close cases are to one another in multidimensional space.
More specifically, they are measurements of the distance from a point in a correlated multivariate
distribution to the center of that distribution. The one-to-one nearest neighbor matching algorithm
looks in all directions around each NI awardee’s position in this distribution and identifies one
closest ESI RO1 awardee as the NI awardees’ match. A simplified example is illustrated in
Figure 3.
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Figure 3. Example Mahalanobis Distance and Nearest Neighbors

After iterating and assessing multiple models and assessing resulting balance and bias scores —
the degree to which pre-matching group differences are minimized post-match — the STPI team
chose a model that included exact matches for gender, award year, degree type, and institution
type and nearest neighbor matches for pre-award publications and topic model scores. Using this
matching method, the team identified 115 ESI RO1 Awardees who matched the NI awardees and
would serve as a matched comparison group. All further analyses are conducted on the NI
awardees and the matched-ESI group, or a subset of these groups.
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3. Awardee Survey

Surveys allow an analyst to collect answers to specific, important questions. These questions
are often varied, cover a diverse range of topics, and can be asked in multiple formats. The NI and
ESI RO1 awardee survey was designed to use multiple formats to assess awardee attitudes and
opinions on the following questions:

e Was NI research risk different from ESI research risk?

e Was NI research innovativeness different from ESI research innovativeness?
e Was NI career impact different from ESI career impact?

e Was NI career progression different from ESI career progression?

e Was the NI funding mechanism perceived to be different from traditional NIH funding
mechanism (e.g., RO1, R21)?

The extent to which NI awardees differed from ESI R01 awardees in terms of these questions
is both a subjective and objective matter. One component of this assessment of difference is the
extent to which NI awardees perceived their research to be more risky, innovative, and impactful.
Additionally, details about career progression and view towards the NIH funding mechanism are
best assessed with a survey approach, as these data are either the private thoughts and opinions of
awardees, or not readily accessible through other means.

The survey was administered to the 115 NI and 115 ESI R01 Awardees, and those who
completed the survey were designated survey respondents (Figure 4).

Awardee
Survey
Administered

I
NI Awardee Population NI Awardee Population :
N =115 N =115 I

Matching on 1
Mahalanobis
Distance

|

ESI Awardee Matched ESI Awardee I
Population Population

N=2,012 N=115 :

Figure 4. Awardee Survey Populations and Respondents

Survey Respondents
NI Awardees = 49 (43%)
ESI Awardees = 42 (37%)
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A. Methods
1. Survey Structure and Administration Procedure

The NI and ESI RO1 awardee surveys were comprised of nearly identical content, organization,
and administration procedures. Each section of the survey will be discussed below, as will any
differences between the NI and ESI surveys (See Appendices D and E for the NI and ESI RO1
Awardee surveys, respectively).

NI and ESI RO1 awardee surveys were created using SurveyGizmo, a web-based survey
design. Potential respondents can be sent a survey link tailored to a customizable and user-specific
survey either through SurveyGizmo’s email interface or through pasting the survey link into an
email and contacting potential respondents directly.

2. Constructed Terms and Definitions

a. Perceived Research Risk

A five-item assessment of risk® was created to assess the construct of perceived research risk.
Items were presented on a five-point Likert-type scale (1 = strongly disagree, 5 = strongly agree).
Each item assessed one of the five components of risk: conceptual risk, technical risk, experience
risk, and multidisciplinary risk. For instance, conceptual risk was measured with the item “My
research was at odds with prevailing thinking.” Items were not aggregated because the scale did
not demonstrate adequate inter-item consistency (a = .62).

b. Perceived Research Innovativeness

Innovative research is defined as “duplicable knowledge considered new in the context it is
introduced and demonstrated useful in practice.” A six-item assessment was created to assess
perceived research innovativeness. For instance, the development of a novel technology was
assessed with the item “My research resulted, or will potentially result in, the development of a
new technology.” Items were presented on a five-point Likert-type scale (1 = strongly disagree, 5
= strongly agree). Items were not aggregated because the scale did not demonstrate adequate inter-
item consistency (a = .69).

c. Perspectives on Research and Integration with NIH Funding Process

Five survey items were created to assess how awardees viewed their research in the context of
what NIH typically funds. These items captured several perspectives on the NIH, including data
requirements (e.g. “My research had little or no preliminary data when | submitted my

8 Colwell, Rita R., Director of the National Science Foundation, Briefing to the Office of Legislative and Public

Affairs, October 2003.
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application”) and perspectives on the types of research funded (e.g., “Overall, my research was
different from what is typically funded through NIH”). Items were presented on a five-point Likert-
type scale (1 = strongly disagree, 5 = strongly agree).

d. Perspectives on the Scope and Flexibility of the Award

Three survey items were created to assess awardees’ perspectives on the scope and flexibility
of their award in terms of funding flexibility, length of the award, and perceived freedom to pursue
non-traditional research (e.g., “The NI (or ESI) allowed me to pursue non-traditional research”).
NI awardees received an item set without any reference to ESI RO1 awardees and vice versa. Iltems
were presented on a five-point Likert-type scale (1 = strongly disagree, 5 = strongly agree).

e. NI Awardees’ Views on Their Awards

Three items were created to assess NI awardees’ perspectives on whether their research was
likely to be funded through traditional RO1 mechanism (R01, R21, etc.), whether their NI research
was likely to be funded outside the NIH, and whether they would have chosen to seek traditional
funding if the NI program did not exist. These items were not administered to ESI RO1 awardees.
Items were presented on a five-point Likert-type scale (1 = strongly disagree, 5 = strongly agree).

f. Perspectives on Additional Funding and Career Advancement

NI and ESI RO1 awardees were asked to report additional funding received. Further, awardees
were asked to report advances in their career, including whether they expanded their labs,
developed new collaborations, and received tenure, among other indicators.

B. Results

In the following sections, statistical analyses are presented for each section of the survey. Non-
parametric statistical tests were used throughout due to the presence of skewed distributions for
some variables and to provide continuity of interpretation. The Wilcoxon ranked sum test (U
statistic) was used for between group comparisons on continuous variables and r was selected as
a measure of effect size.® (See Appendix | for additional information on the statistical approach
implemented and interpretation of effect sizes.) All statistical tests are reported in tables in the
appropriate section for reference, but are omitted from the body of text to reduce redundancies in
reporting. All confidence intervals are 95% CIS.

® Whilea within-subject analysis is preferred for the analysis of matched data, 19 out of a possible 115 NI-ESI
pairs responded to the survey solicitation. Matched-pairs analyses lacked the statistical power required to detect
meaningful effects for several analyses. For both between group and within-subject analyses, the direction of
effects were consistently in the same direction. Between-subject analyses are reported in the body of the report.
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Additionally, Likert-type scales were rescaled such that positive values indicate agreement and
negative values indicate disagreement (-2 = strongly disagree, 2 = strongly disagree).

The survey response rate was 42%. Population characteristics were known for several
background variables: Gender, institution type (terminal degree), terminal degree type, pre-award
publications, and year of qualifying award. Statistical comparisons were conducted to assess if
respondents varied significantly from the population regarding background variables. No
statistically significant respondent-population differences were uncovered for any background
variable (all chi-square ps > .09). Thus, no source of potential participation bias could be detected
across known population characteristics. Survey Respondent characteristics are detailed in
Appendix C.

1. Awardees’ Perceptions of Research Risk

There were statistically significant group differences between the NI and ESI RO1 awardees
on four out of five items assessing risk, such that NI awardees reported greater agreement on items
related to the sub-constructs of conceptual, experiential and multidisciplinary risk. While
awardees, on average, tended to agree that their research was risky, the data indicate that NI
awardees were stronger in this belief. There were no statistically significant differences on the item
“The research required novel techniques and equipment.” Instead, both groups had high agreement
with this item. See Table 1 for specific findings and Figure 5 for a visual depiction of responses
by group across risk items.
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Table 1. NI and ESI R01 Awardees’ Self-Reported Perspectives on Research Risk

Group
NI Awardees ESIROL
Awardees
M SD M SD U p r
Research a significant 1.02 0.99 0.05 1.8 1466  <.001 0.41
departure from previous
research
Research required knowledge 1.51 0.74 071 111 1454  <.001 0.38
outside of field
Research involved novel 1.86 0.54 169 047 1250 .009 0.27
combination of ideas
Research at odds with prevailing  1.39 0.84 0.93 1.05 1299 .021 0.24
thinking
Research required novel 1.29 1.04 088 1.28 1160 .109 0.17

technique or equipment

Note. Likert values scaled from -2 (Strongly Disagree) to 2 (Strongly Agree) for clarity.
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Figure 5. Nl and ESI RO1 Awardees’ Self-Reported Perspectives on Research Risk
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2. Perceived Research Innovation

There were statistically significant group differences between the NI and ESI RO1 awardees
on four out of six items assessing innovativeness, such that NI awardees reported larger scores on
these items. While awardees, on average, tended to agree that their research was innovative, the
data indicate that NI awardees were stronger in this belief. There were no statistically significant
differences on perceived innovativeness in the context of creating new methodologies or
technologies. Instead, NI awardees indicated greater perceived innovativeness associated with the
formulation of new ideas, discovery of a new phenomenon, synthesis of new ideas, and
advancement of theoretical concepts than ESI RO1 awardees. See Table 2 for specific findings and

Figure 6 for a visual depiction of responses by group across perceived innovativeness items.

Table 2. Nl and ESI R01 Awardees’ Self-Reported Perspectives on Research Innovativeness

Group
ESI RO1
NI Awardees Awardees
M SD M SD U p r
The formulation of a new idea 1.84 0.53 1.55 0.59 1297 .005 0.29
The discovery of a new phenomenon 1.55 0.77 1.21 0.84 1274 .028 0.23
New synthesis of disparate ideas 1.33 0.94 0.95 0.99 1275 .036 0.22
The advancement of a theoretical 1.43 0.94 1.14 0.90 1255 .047 0.20
concept
The development of a new technology  0.57 1.35 0.07 1.33 1241 .084 0.18
The development of a new 1.22 1.09 0.93 1.16 1189 167 0.14

methodology

Note. Likert values were scaled from -2 (strongly disagree) to 2 (strongly agree) for clarity.
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Figure 6. Nl and ESI R01 Awardees’ Self-Reported Perspectives on Research Innovativeness

3. Perspectives on Research and Integration with NIH Funding Process

There were statistically significant group differences between the NI and ESI RO1 awardees
on all four items assessing how awardees viewed their research in the context of what NIH
typically funds. Overall, NI awardees reported that their research is different from what NIH
typically funds, while ESI RO1 awardees disagreed with this statement on average. NI awardees
tended to agree that their research had little preliminary data and disagreed that their research had
an appropriate NIH study section and fell within the research interests of a single NIH institute,
center, or office. The opposite was true of ESI RO1 awardees. See Table 3 for specific findings
and Figure 7 for a visual depiction of responses by group across items.
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Table 3. Nl and ESI R01 Awardees’ Self-Reported Perspectives on

Integration with NIH Funding Process

Group
NI ESI RO1
Awardees Awardees
M SD M SD W p r
Overall, my research 159 0.64 -0.26 1.23 1807 <.001 0.68
was different from what
is typically funded
through NIH
My research had little or 0.49  1.32 -1.38 1.17 1745 <.001 0.62
no preliminary data
when | submitted my
application
My research had an -0.47 1.24 1.02 0.84 362 <.001 0.57
NIH study section with
appropriate scientific
expertise
My research falls into -1.27 1.00 -0.12 1.27 498 <.001 0.46
the research interest of
a single NIH
institute/center
Over the course of the 0.86 1.06 038 1.21 1259 .056 0.20

grant period, my
research idea changed
significantly from what
was initially proposed

Note. Likert values are scaled from -2 (strongly disagree) to 2 (strongly agree) for clarity.
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Figure 7. Nl and ESI R01 Awardees’ Self-Reported Perspectives on Integration with NIH Funding
Process

4. Perspectives on Scope and Flexibility of Awards

There were statistically significant group differences between the NI and ESI RO1 awardees
on all three items used to assess awardees’ perspectives on the scope and flexibility of their awards,
such that NI awardees reported larger scores for these items. While awardees, on average, tended
to agree that their awards were flexible in terms of research direction, funding, and period of
performance, the data indicate that NI awardees were stronger in these beliefs. Average NI ratings
for items relating to flexibility in funding and research direction were near the maximum value of
the scale, indicating particularly strong agreement with these items. See Table 4 for specific
findings and Figure 8 for a visual depiction of responses by group across items.
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Table 4. NI and ESI RO1 Awardees’ Self-Reported Perspectives
on Scope and Flexibility of Awards

Group
ESI RO1
NI Awardees Awardees
Item M (SD) M (SD) W p r
The NI (or ESI) award allowed me 1.92 (0.28) 0.71 (1.20) 1708 <.001 0.66
the freedom to pursue non-traditional
research
The NI (or ESI) award allowed for the 1.90 (0.57) 1.00 (1.04) 1664 <.001 0.64
flexible use of funding
The period of the NI (or ESI) award 1.37 (1.05) 0.55 (1.31) 1479 <.001 0.40

was long enough for me to redirect
research as ideas/methods evolved
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Figure 8. Nl and ESI R01 Awardees’ Self-Reported Perspectives
on Scope and Flexibility of Awards

5. NI Awardees’ Views on their Awards

NI awardees responses to items associated with their awards could not be statistically
compared to ESI RO1 awardees because the items are NI award-specific. Instead, average
responses were compared to the mid-point of the scale (neither agree or disagree). Statistical
significance in this analysis indicates that average responses were unlikely sampled from a
population distribution centered on the mid-point. Statistically significant findings were detected
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for two of the three items used to assess NI awardees’ views on their awards. NI awardees indicated
that their awards were unlikely to be funded through traditional NIH mechanisms if the NI award
program did not exist or the research was funded through sources other than NIH. See Table 5 for
specific findings and Figure 9 for a visual depiction of responses across items.

Table 5. NI Awardees’ Self-Reported Views on their Awards

Item M (SD) \% p r

My research was likely to be funded -1.57 (0.71) 7 <.001 0.64
through traditional NIH mechanisms

(RO1, R21, etc.) if the NI program did

not exist

My research was likely to be funded —1.00 (1.10) 59 <.001 0.49
through sources other than the NIH

| would have chosen to seek 0.20 (1.42) 510.5 .288 0.11
traditional NIH funding (R01, R21,

etc.) for my research had the NI

program not existed
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Figure 9. NI Awardees’ Self-Reported Views on their Awards
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6. Perspectives on Career Advancement

a. Current Employment

The majority of awardees reported employment at an academic institution, followed by
medical institutions with a university affiliation (see Table 6). There were no statistically
significant group differences across employment categories.

Table 6. Current Employment of NI and ESI RO1 Awardees

NI ESI

Awardees Awardees
Academic Institution 80% 74%
Medical Institution (University Affiliation) 10% 17%
Other* 10% 9%

*National Laboratories, medical affiliations not associated with a university, and industry.

b. Global Job, Research, and Laboratory Indicators

The STPI team queried NI and ESI RO1 awardees on measures that would indicate award
impact on their career trajectory. The team conducted Chi-square tests to assess whether there were
group differences across global job indicators and lab indicators. Only two indicators were
statistically different. NI awardees were significantly more likely to have received popular press
media coverage (see Table 7), and more NI than ESI RO1 awardees reported applying for tenure
at the time of the survey (see Figure 10).

Table 7. Global Job, Research, and Laboratory Indicators for Nl and ESI RO1 Awardees

. NI ESI
Job, Research, or Laboratory Indicator Awardees Awardees
Changed Institutions 20% 24%
Expanded Focus of Lab to new Disciplines 90% 93%
Expanded Research Lab 92% 91%
Formed New Collaborations 100% 98%
Received Honor/ Award 86% 69%
r * ]
Popular Press Media Coverage 76% 53%
Journal Cover Feature 41% 33%
Asked to Serve as Regular Reviewer 82% 90%

*p < .05.
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Figure 10. Tenure Status of NI and ESI RO1 Awardees at Tenure-Granting Institutions

C. Summary of Findings

Overall NI Awardees reported that their research was more risky and innovative than ESI R01
Awardees reported for their research. Further, NI Awardees rated their NI application as having
less preliminary data and rated their research as different from what the NIH typically funds. NI
and ESI RO1 awardees received tenure at a similar rate, although NI awardees who had not
received tenure at the time of the survey applied in a significantly higher proportion than did ESI
RO1 awardees. The two groups were similar in terms of other laboratory and career indicators,
except for a larger percent of NI Awardees being featured in the popular press.
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4. Senior Scientist Review

To balance the self-reporting of attitudes and opinions by the NI and ESI RO1 awardees on
research innovativeness and risk in the awardee survey, the STPI team developed a review process
in which senior scientists provided expert opinion of the NI and ESI RO1 awardee research. The
relationship of the Senior Scientist Review to the Awardee Survey is depicted in Figure 11.

RCDC Concept

Awardee Survey

Respondents Matching
Reviewed in SSR Senior Scientist Senior Scientist
N =89/91* to Respondent Review Survey

Administered

1
Matched Senior |

Al Potential Senior

Senior Scientist with > 6 Months L Scientists Agreeing to I Senior Scientist
5 3 Scientist Z :
Population of NIH Review Reviewers Review Top 3 Awardee- Reviewers
N=7222 Experience N =246 Provided Outputs | N=73(43%)
N=2,301 N=181 |

Note: Two ESI RO1 Awardee Survey respondents did not provide their top three outputs and therefore could not be
reviewed by the senior scientists.

Figure 11. Senior Scientist Survey Methodology

A. Senior Scientist Reviewer Selection Criteria

The STPI team used QVR to identify a pool of 2,301 senior scientist reviewers (SSRs) that
met the following criteria: (1) the tenth year of RO1 funding occurred between 2011-2015, (2) at
least 6 months of NIH committee service had been completed, and (3) RCDC concepts were
available for each senior scientist’s most recent RO1 award. These criteria ensure that a selected
senior scientist had the appropriate expertise to review an awardee’s research outcomes and that
the team had sufficient data with which to match SSRs to awardees.

B. Assigning Awardees to Senior Scientist Reviewers

Cosine similarity scores were derived for each SSR—awardee pair using RCDC concepts and
associated concept weights.'® These scores provide an indication of how similar RCDC concepts
are for awardees and SSRs.*! Cosine similarity scores were then submitted to a linear programming

10 RCDC is NIH’s Research, Condition, and Disease Categorization Process, which was created in 2009 to provide
a consistent classification system for NIH-funded research. RCDC uses a computerized process to tag projects
with one or more categorizations. There are 265 unique categories, each of which represents a research area
(e.g., neuroscience), disease (e.g., asthma), or condition (e.g., chronic pain). SOURCE: NIH Online Reporting
Tools (RePORT), “Frequently Asked Questions,” https://report.nih.gov/rcdc/fags.aspx.

" Cosine similarity is used to measure the similarity between two vectors. Cosine ranges from —1 to 1 and can be
understood and visualized easily in two dimensions. The cosine of two lines 180 degrees apart (going in two

49



algorithm that maximized overall cosine similarity scores, subject to the constraints that each
awardee was reviewed by at least six SSRs, and each SSR was assigned three awardees. These
constraints ensured adequate awardee coverage and minimized the burden on SSRs, such that
SSRs were not assigned too few or too many awardees to review. SSRs did not know whether a
given packet of research was associated with an NI or ESI, and they may have been assigned
multiple NI awardees or none at all.

C. Awardee Packets

Eighty-nine NI awardees and ESIs who completed the awardee survey and provided references
for three outputs best represent what was achieved with funding. The STPI team created a packet
of outputs for each awardee. Names were redacted from each output. SSRs reviewed the packet
for each of the three awardees assigned to them.

D. Senior Scientist Review Protocol

SSRs were contacted by email and phone. Emails contained a written solicitation and a letter
from Francis Collins requesting their participation in the study. Potential SSRs who did not
respond to two participation requests or declined to participate were replaced with back-up SSRs.
This process was repeated for three rounds of participation solicitations. Participants were given
approximately four weeks to complete the review and received a $500 remuneration for
participation. SSR response rates can be found in Table 8. Most awardees were reviewed by one
to three SSRs, while five were reviewed by more than five SSRs. Two awardees were not reviewed
by any SSRs (Table 9).

Table 8. SSR Respondent Rates

Response Rate for Potential

Potential Reviewer Group Reviewer Group

All Potential Reviewers 32% (78/246)

All Potential Reviewers that Responded 43% (78/181)
When Contacted

All Potential Reviewers Responding 70% (78/112)
“Yes” to Solicitation for Participation

completely opposite directions) is —1, while when there is a 0 angle between them (going in the same direction),
the cosine is 1. When looking at two sets of text, one can turn each of the sets into a word count vector and then
compute the cosine similarity between each of these now numerical vectors, giving you some measure of
similarity between the original sets of text.
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Table 9. Review Frequencies

Number of Times Number of
Reviewed Awardees

1 14

2 31

3 22

4 15

5 4

6 1

E. Survey Results

SSRs were instructed to read each packet of outputs and complete a 20-item survey assessing
research risk (Table 10), outcomes for each packet (Table 11), and innovativeness (Table 12).
These items were presented on a five-point Likert-type scale (1 = strongly disagree, 5 = strongly
agree). See Appendix F for the SSR survey.

Packet ratings were modeled using a Bayesian Ordinal Model approach. Standard Markov
Chain Monte Carlo techniques were used to obtain parameter estimates and associated 95%
confidence intervals for NI and ESI means and p values corresponding to group differences. See
Appendix H for additional information about this model.

1. Research Risk

There were statistically significant group differences between NI awardees and ESI R0O1
awardees on two of the three items assessing research risk. SSRs reported overall larger ratings for
NI awardees on the items “The research involved a novel combination of ideas” and “The research
required a novel technique or equipment” compared to ESI ROl awardees. There was no
statistically significant group difference on the item “The research was at odds with prevailing
wisdom.” See Table 5 for specific findings and Figure 9 for a visual depiction of responses across
items.
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Table 10. SSR Assessment of Research Risk

NI Awardees ESI RO1 Awardees

Survey ltem Mean 95% CI Mean 95% CI p
Research involved novel combination 1.97 [1.91,2.03] 0.79 [0.73, 0.68] .01
of ideas
Research required novel technique or 1.30 [1.25,1.35] 1.03 [0.96, 1.09] .01
equipment
Research at odds with prevailing 0.74 [0.68, 0.80] 0.80 [0.75, 0.85] .10
thinking

Note. Bayesian Ordinal Model using Standard Markov Chain Monte Carlo technique used to compare groups.
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Figure 12. SSR Assessment of Research Risk
2. Research Outcomes

There were statistically significant group differences on all six survey items related to research
outcomes. SSRs reported larger overall ratings for ESI RO1 awardees on the item “The research
resulted in the advancement of a theoretical concept” compared to NI awardees. SSRs reported
larger overall scores for five of the six items assessing research outcomes, with the largest group
differences found for the item *“The research resulted in the development of a new technology.”
Overall, these findings indicate that NI awardees were rated as having better research outcomes
than ESI RO1 awardees. See Table 11 for descriptive statistics and Figure 13 for a visual depiction
of SSR ratings for Research Outcomes.
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Table 11. SSR Assessment of Research Outcomes

NI Awardees ESI RO1 Awardees

Survey ltem Mean 95% ClI Mean 95% ClI p
The development of a new technology 0.27 [0.20, 0.34] -0.14  [-0.22,-0.08] 0.01
New synthesis of disparate ideas 0.83 [0.76, 0.89] 0.57 [0.50, 0.64] 0.01
The development of a new methodology 1.06 [1.01, 1.11] 0.84 [0.78, 0.90] 0.01
The discovery of a new phenomenon 1.27 [1.21, 1.32] 1.05 [0.99, 1.12] 0.01
The formulation of a new idea 1.08 [1.02, 1.14] 1.16 [1.10, 1.23] 0.03
The advancement of a theoretical 0.87 [0.81, 0.93] 0.81 [0.75, 0.87] 0.05

concept

Note. Bayesian Ordinal Model using Standard Markov Chain Monte Carlo technique used to compare groups.
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Figure 13. SSR Assessment of Research Outcomes

3. Research Innovativeness

There were statistically significant group differences on all 10 survey items related to research
innovativeness. SSRs reported larger overall scores for ESI RO1 awardees on the item “The
research was rigorous” compared to NI awardees. This finding is discussed in the Integration of
Findings section. SSRs reported larger overall scores for NI awardees on 9 out of 10 items related
to research innovativeness. Overall, these findings indicate that NI awardees were rated as having
more innovative research than ES1 RO1 awardees. See Table 12 for descriptive statistics and Figure
14 for a visual depiction of SSR ratings for Research Innovativeness.
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Table 12. SSR Assessment of Innovativeness of Research

NI Awardees

ESI RO1 Awardees

Survey ltem Mean 95% ClI Mean 95% ClI
Combined fundamental 0.63 [0.59, 0.67] 0.27 [0.23, 0.32] .01
principles, models, or
experiments in novel ways
Pursued an approach that 1.20 [1.11,1.28] 0.73 [0.64, 0.82] .01
was contrary to the norm
Applied cutting-edge 0.26 [0.21, 0.31] 0.05 [-0.01, 0.10] .01
approaches
Will have a significant 1.02 [0.97, 1.08] 0.85 [0.79, 0.91] .01
impact on the field
Was innovative 1.15 [1.10, 1.21] 0.85 [0.80, 0.90] .01
Cut across multiple 0.90 [0.84, 0.96] 0.81 [0.74, 0.87] .02
disciplines
Introduced novel theoretical ~ 1.07 [1.00, 1.13] 0.90 [0.83, 0.97] .01
ideas
Introduced radically 0.98 [0.93, 1.03] 0.40 [0.34, 0.46] 01
different tools
Will revolutionize the field 0.56 [0.48, 0.64] 0.39 [0.30, 0.56] .01
Was rigorous 1.34 [1.27,1.42] 1.43 [1.35, 1.51] .05
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Senior Scientist Review Survey Results: Research Innovation
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Figure 14. SSR Assessment of Innovativeness of Research

4. SSR Results Summary

Overall, the findings from the SSR assessment provide clear evidence that NI research was
rated as more risky, innovative, and impactful than ESI R0O1 awardee research. It is plausible that
ESI RO1 awardee research was rated as more rigorous because of the incremental nature of RO1
research compared to research funded through the NI mechanism.
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5. Bibliometric Analysis

The statistical analysis of scholarly publications and books, bibliometrics, has long been a
cornerstone in program evaluations (Narin 1987). Unlike surveys, bibliometrics provides an
alternative way to quantify research outputs without expert reviewers. The bibliometric analysis
was performed on the 115 NI and 115 ESI RO1 awardees (Figure 15).

Survey Respondents

NI Awardee Population NI Awardee Population
N =115 N =115
NI Awardees = 49 (43%)
ESI Awardees = 42 (37%)
ESI Awardee Matched ESI Awardee
Population Population
N =2,012 N =115

Figure 15. Awardee Populations for Bibliometric Analysis

The STPI team created four broad categories of analysis for each awardee’s research portfolio:
productivity, impact, interdisciplinarity, and coauthor network. First, productivity measures the
general output of research products by a researcher. Second, impact is meant to tap into the
“information dissemination” factor and indicates the perception of research quality by the two
“gates” of peer-review—publishers (journal prestige) and peer researchers (citations). The
rationale behind these metrics is that prestigious journals will inevitably reach a wider audience
and publications with high citation counts have inherently been read by many. Third,
interdisciplinarity captures the breadth of knowledge being engaged by an awardee’s research.
Lastly, analysis of each awardee’s coauthor network measures the spread of their collaboration
network across individuals, institutions, and countries, indicating their ability to broker
collaboration networks.

The analysis was divided into two sections, each linked directly to one of the two research
questions. The first section investigates the effect of the NI award and ESI RO1 award on research
quality and impact by analyzing only publications directly attributed to the research grants—
hereafter referred to as attributed publications. The second section investigates the effect of the
research grants on each awardee’s career by comparing their entire bibliometric profiles pre- and
post-award for all career publications.

While bibliometrics provides a method of objectively analyzing the awardee groups through
their respective bodies of publications, bibliometrics do have some notable caveats (Ismail et al.
2009):
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1. Publication data can be messy and incomplete. Not only do the range of publications and
journals vary based on the chosen dataset, but identifying correct author names and
affiliations can also be difficult. Particularly with common names (e.g., John Smith),
multiple authors may be publishing under the same name, making the task of identifying
the correct set of publications attributed to the author of interest difficult and time-
consuming.

2. Citation counts and other bibliometric analyses are not perfect objective measures in a
vacuum. Studies have shown that citation count measures can be biased against early
researchers, who lack the established record of publications to gain significant citation
counts. Additionally, researchers cite other papers for a broad range of reasons and the
consistency in citation behavior (e.g., providing background, criticizing previous work,
paying “homage” to field pioneers) can vary from researcher to researcher. Lastly,
researchers have noted that bibliometrics can often struggle to entirely capture the “quality”
of papers.

The STPI team sought to minimize uncertainty in the publication sets used for this analysis.
First, the use of attributed publications significantly reduced the uncertainty concerning whether
the analyzed publications were correctly attributed to our awardee groups. Since these publications
were drawn from NIH databases, in which authors must self-report publications, the team feels
this significantly reduces any chances of false positive or false negative publications. Second,
while career publication sets are difficult to check by hand due to the sheer number of publications
included, the team followed a consistent methodology intended to reduce erroneous publication
sets, as explained in the next section.

A. Methods
1. Types of Analyses

Two broad types of analyses (attributed publication analyses and career publication analyses)
were conducted on awardees’ bibliometric data. Both types of analyses have advantages and
disadvantages (Table 13). First, attributed publication analysis allows for the direct linkage of a
particular grant funding mechanism to a given output. Thus, group differences on metrics
associated with attributed publications can be interpreted as being directly influenced by the award.
However, attributed publications only provide one segment of an awardees’ publication profile
and are necessarily at the grant level. That is, grant-level publications need not be authored by the
NI or ESI RO1 awardee. Further, research that is unrelated to a specific award may nonetheless
have an impact on an awardees’ career. Career publication analysis affords the analysis of a larger
segment of an awardees’ publication portfolio and has the advantage of a pre-award and post-
award analysis and awardee group analysis. Further, the effects of the NI can be considered in
terms of the change in research quality from before the award to after the award. See Table 13 for
a comparison of the two approaches.
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Table 13. Comparison of Award-Attributed and Career Publication Analyses

Analysis Advantages Disadvantages
Award-Attributed Confidence in data accuracy and Cannot assess
Publications completeness spillover effects to

other research areas
not tied to grant

Ability to associate publication to Inability to account
specific grant for pre-award group
differences
Career Publications Can assess overall impact of award ~ Less confidence in
above and beyond publications the completeness of
directly tied to award data

2. Programming Language

The STPI team used R, a programming language and environment for statistical computing
and graphics (R Core Team 2016). It is a GNU project based on the S language and environment.
R also has the advantage of being designed specifically for data handling and data manipulation
and for possessing a diverse library of open-source packages intended to supplement and enhance
the baseline capabilities of the language. R was used to ingest publication metadata and perform
relevant analyses.

3. Selecting Publication Database

Two major publication databases—Scopus and EBSCO Host—were tested against a sample
subset of three NI and three ESI RO1 awardees. For each author searched, the STPI team checked
the publications returned from each database against the author’s curriculum vitae (CV) in order
to gauge the levels of false positive (i.e., returned publications that are not the author’s) and false
negative (i.e., publications from the author’s CV that are not returned) results. EBSCO Host had a
false positive rate of 33.6% and a false negative rate of 37.8%, while Scopus had rates of 1.3%
and 17.9%, respectively. In total, EBSCO Host returned an average of 59.7% of an author’s CV
publication set, while Scopus returned an average of 82.1%. Given these findings, the team
selected Scopus as the database to be used to acquire publications for each author.

4. Obtaining Correct Scopus Author IDs and Publication Sets

a. Attributed Publications

The STPI team acquired attributed publication lists using the NIH RePORTER database.
Among the range of information contained in this public-facing database, RePORTER keeps track
of publications produced using support from an NIH grant. Awardees are required to acknowledge
all Federal funding sources in each publication and, in the case of the NIH, self-report these
attributed publications to the funding agency.
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Using the RePORTER publication lists, each publication was queried against the Scopus
database to acquire citation information and journal metadata (e.g., journal ranking). Each query
returned results in XML files, which were then parsed using R.

The STPI team removed errata, letters, and replies from consideration. Additionally, the team
removed two attributed publications that were later retracted from their respective journals. With
these criteria in place, a total of 3,726 publications were supported by the NI and matched ESI RO1
awards, with 1,714 publications attributed to the NI and 2,012 attributed to the matched ESI R0O1
awards.

b. Career Publications

For career publications, awardee names and institutions were queried against the Scopus
database. When searching authors using name and affiliated institution, Scopus occasionally
returns multiple author IDs. It is possible for an author’s publication set to be split into two or
more author IDs, particularly if the author has switched institutions or published under a different
name at some time point. The STPI team determined which author 1Ds were correct for each author
of interest.

A multistep process was followed using the R programming environment:
1. Searches that returned a single author ID were assumed correct.

2. Searches that returned multiple author IDs were assumed correct if all the returned
institutions for the author were the same.

3. Searches that returned multiple author IDs with non-identical institutions were assumed
correct if all the returned institutions could be matched to the author’s affiliated institution
found on the NI database.

4. Remaining search results with multiple author IDs were checked by hand. Authors were
searched online and the NI team determined which returned author IDs were correct.

The correct author 1Ds were then compiled into a list that was then used to query the Scopus
API for all publications affiliated with those authors. Each author ID query returned publications
in XML files, which were then parsed using R. In the end, 14,849 publications were determined to
be valid.

5. Qualities Assessed

Seeking to quantify the four measured research qualities—productivity, impact, coauthor
network, and interdisciplinarity—the STPI team leveraged a range of bibliometric techniques.
Table 14 outlines the metrics included in each of these research qualities.

60



Table 14. Research Quality Categories and Associated Metrics

Research
Quality Metric Description
Total Publications Raw count of publications.
Publication Delay Relative to Time lag between award start and publication date.
Award
L Time-normalized rate of publication in the form of
Annual Publications P
average publications per year.
Average Citations per Paper Average count of citations per publication.
A metric proposed by Hirsch (2005) that is defined
H Index as the number of papers (h) with at least h citations
each.
Also known as raw impact per paper, this number
denotes the average number of citations per paper
Journal Impact per Paper (IPP) published in a journal (Moed 2010). These data are
provided by Scopus for each journal.
Productivity & . — . Article level, field independent method to identify
Impact y Relative Citation Ratio (RCR) influential papers.
Similar to IPP, but normalized to account for
Journal Source-Normalized Impact  differences in citation rates between fields of study
per Paper (SNIP) (Moed 2010). These data are provided by Scopus
for each journal.
A computed ranking score that is calculated using
citation weighting schemes and eigenvector
SClImago Journal Rank (SJR) centrality (Gonzélez-Pereira, Guerrero-Bote, and
Moya-Anegon 2010). These data are provided by
Scopus for each journal.
Average Coauthors per Publication Aver_age_ number of other authors on a given
publication.
Coauthor Unique Coauthors \?V(i)tl;]nt of unique authors that awardee has published
Network '

Unique Coauthor Affiliations

Count of unique coauthor institutions and countries.
Captures how many different countries and
institutions have been collaborated with.

Interdisciplinarity

Unique Journal Subject Codes

Count of unique journal subject matter/field
indicators, as provided by Scopus.

a. Attributed Publication Analysis

Attributed publication analyses are within subject (conducted on matched pairs of NI awardees
and ESI R01 awardees). Further, non-parametric statistical tests were used due to the presence of
skewed distributions for some variables and to provide continuity of interpretation. The Wilcoxon
signed-rank test was used for NI to ESI comparisons, and r was selected as a measure of effect
size. Bootstrapped 95% confidence intervals were created for group medians for each variable
assessed. A positive value for r indicates that the variable is larger for NI awardees, while a
negative value indicates that the variable is larger for ESI RO1 awardees.

61



b. Career Publication Analysis

Career publications analyses were conducted as within-subject, doubly multivariate GLM-
repeated measures analyses, with two within subject variables (Group: NI, ESI R01; Time: Pre-
award + 1, Post-award + 1) across all measures of research quality and outputs. Pre-award + 1
publications refer to all publications published before one year after receipt of award. Post-award
+ 1 publications refer to all publications published at least one year following receipt of award.
Due to severe positive skew for several bibliometrics that likely violate the assumption of
normality, the data were transformed using a natural log transformation. Thus, all career
publication analyses are presented in log units.

A doubly multivariate GLM-repeated measures analysis allows for the estimation of several
effects, including the main effects for Group and Time, as well as the Group X Time interaction.
A statistically significant main effect of Group, ignoring other main effects and the interaction,
indicates statistically significant group differences on a bibliometric outcome. A statistically
significant effect of Time, in the absence of other effects, indicates statistically significant
increases or decreases in a bibliometric outcome from pre-award to post-award. A statistically
significant Group X Time interaction indicates group differences in bibliometric outcomes that
vary from pre-award to post-award. For example, it may be the case that NI awardees have a
number of publications similar to that of ESI R0O1 awardees before receiving their award, but had
significantly more publications following the award than did ESI RO1 awardees. In the presence
of a statistically significant interaction, main effects are omitted.

c. Publication Sources

Publications used for the attributed publication analysis were obtained from NIH RePORTER
using grant IDs. Career publications were obtained using names and institutional affiliation for a
given PI. These two methods provided varying numbers of publications and contain different
sources of errors and are therefore not comparable.

B. Results: Award Effect on Research Output and Quality

In the following sections, statistical analyses are presented for each of the research qualities
for attributed and career publications.

1. Research Productivity

a. Number of Publications

The STPI team analyzed the total number of publications and their timing to understand
researcher productivity—defined as the raw production of research outputs—under the NI and ESI
RO1 Awards.

Attributed Publication Analysis. NI awardees produced fewer total attributed publications
than their ESI counterparts (Wilcoxon signed-rank, V = 2198, p =.022, r =-0.15). The median NI
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awardee produced 12 publications (95% CI [11.25, 13.15]) and the median ESI R01 awardee
produced 14 publications (95% CI [10.20, 16.99]) (Figure 16, Panel A).

Career Publication Analysis. Overall, there was no statistically significant effect of Group,
F110) = .58, p = .449, 1% = .005. There was a statistically significant effect of Time, F 110 =
4.46,p < .001, 1% = .178; awardees had more total publications post-award + 1 compared to pre-
award + 1 (Miog(post award) - log(pre award) = .014, 95% CI [0.019, 0.265]). There was no statistically
significant Group X Time interaction for total career publications, indicating that group differences
in total publications did not vary significantly over time (Figure 16, Panel B).
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Figure 16. Number of Publications

b. Annual Publication Production

Attributed Publication Analysis. NI awardees produced fewer publications on an annual basis
when compared with matched ESI RO1 awardees, Wilcoxon signed-rank, V = 2204, p = .024, r =
-0.14. The median NI awardee produced 1.57 publications per year (95% CI [1.32, 1.81]), and the
median ESI R01 awardee produced 1.75 publications per year (95% CI [1.22, 2.14]) (Figure 17,
Panel A).

Career Publication Analysis. There was a statistically significant Group X Time interaction
for average annual publications, F,110) = 16.33, p = < .001, n% = .129, indicating that group
differences in annual publications varied from pre-award + 1 to post-award + 1 publications.
Follow-up simple effects analyses were conducted to tease apart this interaction. Regarding
average annual publications, NI awardees average more annual publications post-award + 1 than
ESI RO1 awardees, Miog(Ni) - logesty = .142, p = .025, 95% CI [0.019, 0.265], but there was no
statistically significant difference in pre-award + 1 average annual publications between NI
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awardees and ESI RO1 awardees, Miog(NI) - log(ESI)
Figure 17, Panel B)*2.
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Figure 17. Annual Publication Production Results

c. Timing of Publications

Attributed Publication Analysis. NI awardees tended to produce grant-attributed publications
later than their ESI counterparts, Wilcoxon signed-rank, V = 4556, p <.001, r =-0.27 (Figure 18).
The median NI awardee published an average of 4.14 years after receiving the award (95% ClI
[3.91, 4.30]), while the median ESI RO1 awardee published an average of 3.68 years after receiving
the award (95% CI [3.41, 3.87]). On the aggregate level, NI publications were produced an average
of 4.16 years after the award year, while ESI publications were produced an average of 3.90 years
after the award year (Figure 19).

Career Publication Analysis. No corresponding data exist for pre-award data for this metric.
Therefore, no analysis was conducted.

12 The differences in Annual Publication Findings and Total Publication Findings may seem contradictory;
however, the direction and magnitude of effects were similar for both analyses. This discrepancy was due to
minor differences in annual publication rates over time, with later cohorts publishing more annual publications
per year, in combination with later cohorts having slightly fewer total publications on average.
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Figure 19. Distribution of Lag Time between Publication and Award Year

The STPI team used citations and journal ranking metrics to better understand the impact of
research produced by NI awardees and ESI RO1 awardees. Both metrics provide a proxy for an
understanding of the relevance and quality of the published research—citations indicate reception
among fellow researchers, while journal rankings indicate the perception of the research by
academic publishers.
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d. Citation Count

Attributed Publication Analysis. NI grant-attributed publications were cited more frequently
by other researchers than ESI RO1-attributed publications, Wilcoxon signed-rank, V = 4324, p =
.006, r = .18. The median NI awardee averaged 26.41 citations per publication (95% CI [21.12,
31.25]), while the median ESI RO1 awardee averaged 20.36 citations per publications (95% CI
[14.92, 24.45]) (Figure 20, Panel A).

Career Publication Analysis. There was a statistically significant Group X Time interaction
for average number of citations per publications, F,110) = 10.15, p = .002 , n% = .084, indicating
that group differences in average citation rates varied for pre-award + 1 and post-award + 1
publications. Follow-up simple effects analyses were conducted to tease apart this interaction. NI
awardees tended to have more average citations per publication than ESI RO1 awardees for pre-
award + 1 publications, MiogNi) - logesn = .412, p < .001, 95% CI [0.223, 0.600], but there was no
statistically significant group difference in average citations per publications for post-award + 1
publications, Miogni) - 1ogesty = .103, p =.230, 95% CI [-0.066, 0.271] (Figure 20, Panel B).
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Figure 20. Average Citations per Publication.

e. H Index

Attributed Publication Analysis. NI and ESI RO1 awardees did not differ significantly in their
attributed publication H Index, Wilcoxon signed-rank, V = 2652, p = .462, r = -0.05. Both the
median NI awardee and the median ESI RO1 awardee had an H Index of 8 (95% CI [6.46, 9.00]
and 95% CI [6.34, 8.99], respectively) (Figure 21, Panel A).

Career Publication Analysis. Overall, there was no statistically significant difference between
NI awardees and ESI RO1 awardees with respect to H-index, F,110) = .699, p = .405 , n% = .006.
There was a statistically significant difference in H-indexes from pre-award + 1 to post-award +
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1, F110) = 108.74, p < .001 , n% = .497, such that awardees’ pre-award + 1 H-indexes were
significantly larger than post-award + 1 H-indexes, Miog(post award) - log(pre award) = —0.352, 95% CI [-
0.419, —0.285]. There was no statistically significant Group X Time interaction, F,110) = 3.06, p
=.083 , n% = .027, indicating that group differences in H-indexes did not significantly vary from
pre-award + 1 to post-award + 1 (Figure 21, Panel B).
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Figure 21. H Index

2. Journal Impact Factor and Ranking

The STPI team calculated the average journal impact factor of each NI and matched ESI R0O1
awardee. The team used three journal impact factors: (1) Impact Per Publication (IPP), which
measures the average number of citations per journal publication; (2) Source-Normalized Impact
Per Publication (SNIP), which normalizes the IPP metric to account for differences between
research fields; and (3) SCImago Journal Ranking (SJR), which emphasizes the sources used by
prestigious journals and creates associated weights associated with levels of prestige. Relative
Citation Ratios (RCR) was included as an article-level, field-independent measure. ™

a. Relative Citation Ratio (RCR)

Relative Citation Ratios (RCRs) were obtained from a subset of attributed publications
published from 1995-2014 (N = 3, 276). One ESI did not have any qualifying publications; this
case and the matched NI counterpart were removed from the analysis. Overall, NI awardees

13 More complete explanation of RCR can be found at https://icite.od.nih.gov
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(Median = 2.05, 95% CI [1.78, 2.30]) published articles with larger RCRs than ESI RO1 awardees,
(Median = 1.57, 95% CI [1.34, 1.85]), Wilcoxon signed-rank, V = 4529, p < .001, r = .23 (Figure
23). When compared to the medians for all NIH-funded papers that are listed on the NIH iCITE
website, the NI awardee median approximates the 76 percentile and the ESI R01 awardee median
approximates the 67" percentile.
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Figure 22. Attributed Publication Analysis: RCR

b. IPP Journal Metric

Attributed Publication Analysis. The median NI awardee published in a journal with an
average IPP score of 7.69 (95% CI [6.71, 8.47]), while the median matched ESI RO1 awardee
published in a journal with an average IPP of 5.30 (95% CI [4.84, 5.74]), Wilcoxon signed-rank,
V =5200, p <.001, r = .34 (Figure 23, Panel A).

Career Publication Analysis. Overall, NI awardees tended to publish in journals with larger
IPPs than ESI RO1 awardees, F,110) = 39.94, p < .001, n% = .266, Miog(Ni) - log(esl) = .296, 95% Cl
[0.203, 0.389]. Further, there was a statistically significant effect of Time, F(,110) = 7.03, p =.009,
1% = .060, such that awardees tended to publish post-award + 1 publications in journals with
smaller IPPs (Miog(post award) - log(pre award) = .296, 95% CI [0.203, .389]). There was no statistically
significant Group X Time interaction, F,110) = 2.65, p = .106, n% = .024 (Figure 23, Panel B).

68



¢ I\I

4
_ @ 1_‘_‘_1
i ox
Eé 18
EZ ] Group
32 : .% — | Avardee
2z " o
o2 - [ — ESI R0 Awardee
ol 12 =
oy
gf w
(g 8
[+}
E 6

4

2

0 B

ESI N
Group
Panel A. Attributed Publications Panel B. Career Publications

Figure 23. Average Impact per Publication (IPP)

c. SNIP Journal Metric

Attributed Publication Analysis. When using the field-normalized impact factor, the median
NI awardee published in a journal with a mean SNIP of 2.04 (95% CI [1.84, 2.23]), while the
median ESI RO1 Awardee published in a journal with a mean SNIP of 1.56 (95% CI [7.48, 1.64]),
Wilcoxon signed-rank, V = 4964, p < .001, r = .30 (Figure 24, Panel A).

Career Publication Analysis. There was a statistically significant effect of group, F(.110) =
32.45, p <.001, n% = .228, such that NI awardees tended to publish in journals with a larger SNIP
than did ESI RO1 awardees (Miog(Ni) - logesty = .160, 95% CI [0.104, 0.215]). Further, there was a
statistically significant effect of Time, F110) = 15.52, p < .001 , n% = .124, such that awardees
tended to publish post-award + 1 publications in journals with a smaller SNIP (Miog(Ni) - log(ESl) = —
0.059, 95% CI [-0.088, —0.029]). There was no statistically significant Group X Time interaction,
F110) = 2.83, p =.095, n% = .025 (Figure 24, Panel B).
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Figure 24. Average Source-Normalized Impact per Publication (SNIP)

d. SClImago Journal Ranking (SJR)

Attributed Publication Analysis. NI grant-attributed publications were more likely to be
published in journals with a higher SJR relative to their matched ESI counterparts. The median NI
awardee published in a journal with a mean SJR of 4.75 (95% CI [3.94, 5.69]), while the median
ESI RO1 Awardee published in a journal with a mean SJR of 2.79 (95% CI [2.42, 3.09]), Wilcoxon
signed-rank, V = 5231, p <.001, r = .35 (Figure 25, Panel A).%*

Career Publication Analysis. There was a statistically significant effect of group, F(.110) =
39.61, p <.001, n% = .266, such that NI awardees tended to publish in journals with larger SJRs
than did ESI RO1 awardees (Miog(Ni) - 1ogest = .307, 95% CI [0.210, 0.403]). Further, there was a
statistically significant effect of Time, F,110) = 9.51, p = .003 , n% = .080, such that awardees
tended to publish post-award + 1 publications in journals with smaller SJRS (Miog(post award) - log(pre
award) = —.070, 95% CI [-0.115, —0.025]). There was no statistically significant Group X Time
interaction, F,1100= 1.68 , p=.197, n% = .015, indicating that the relationship between Group and
SJR did not vary significantly from pre-award + 1 to post-award + 1 (Figure 25, Panel B).

14 For reference, Nature has an SJR of 17.31, Science has an SJR of 10.11, Proceedings of the National Academy of
Sciences of the United States (PNAS) has an SJR of 5.78, and PLoS ONE has an SJR of 1.30.
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Figure 25. Average SCimago Journal Ranking (SJR)

e. Summary of Findings: Research Impact and Productivity

The results from the bibliometric analysis on impact and productivity metrics indicate that NI
awardees tended to publish fewer grant-attributed publications than ESI RO1 awardees. Further,
the lag between administration of the award and first attributed publication tended to be longer for
NI awardees than ESI RO1 awardees. However, NI awardees tended to publish more post-award
+ 1 compared to ESI RO1 awardees, despite having a similar number of pre-award + 1 annual
career publications.

NI awardees tended to publish attributed publications in journals with larger IPP, SNIP, and
SJR ratings. Further, NI awardees tended to have more citations per publication than ESI RO1
awardees. However, NI awardees and ESI RO1 awardees do not differ significantly in their
attributed publication H Index. Regarding career publications, NI awardees tended to have more
citations for pre-award + 1 career publications and publish in journals with larger IPP, SNIP, and
SJR ratings than do ESI R01 awardees.

3. Coauthor Network

In order to better understand how the NI and ESI RO1 Awards affected research collaboration,
the STPI team analyzed the network of coauthors formed by each awardee’s body of publications.
All analyses indicates that the NI award has no notable effect on coauthor network size relative to
similar ESI RO1 Awards.

a. Average Authors per Paper

Career Publication Analysis. There was no statistically significant effect of group, F,110) =
.003, p =.958, 1% < .001. There was a statistically significant effect of Time, F,110) = 54.83, p <
.001 , 0% = .333, such that awardees tended to have more authors per publication for post-award
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+ 1 publications (Miog(post award) - log(pre award) = .212, 95% CI [0.155, 0.269]). There was no statistically
significant Group X Time interaction, F(,110) = .61 , p = .435, n% = .006, indicating that the
relationship between Group and average co-authors per publication did not vary significantly for
pre-award + 1 to post-award + 1 (Figure 26).
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Figure 26. Career Publication Analysis: Average Number of Authors per Paper

b. Unique Number of Coauthors

Career Publication Analysis. There was no statistically significant effect of group, F,110) =
580, p = .448, 1% = .005. There was a statistically significant effect of Time, F,110) = 76.43, p <
.001 , n% = .410, such that awardees tended to have more total co-authors in their network
following their awards (Miog(post award) - log(pre awardl) = .440, 95% CI [0.341, 0.540]). There was no
statistically significant Group X Time interaction, Fq,110) = .340 , p = .561, n% = .003, indicating
that the relationship between Group and total co-authors did not vary significantly from pre-award
+ 1 to post-award + 1 (Figure 27).
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Figure 27. Career Publication Analysis: Number of Unique Coauthors.

4. Coauthor Affiliations

a. Number of Institutions engaged in Grant Supported Research

Career Publication Analysis. There was no statistically significant effect of group, F.110) =
.836, p = .362, 1% < .008. There was a statistically significant effect of Time, F,110) = 54.13, p <
.001 , n% = .330, such that awardees tended to have more institutions in their network following
their award (Miog(post award) - log(pre award) = .384, 95% CI [0.281, 0.488]). There was no statistically
significant Group X Time interaction, F 1100 = .804, p = .413, n% = .006, indicating that the
relationship between Group and total institutions did not vary significantly from pre-award + 1 to
post-award + 1 (Figure 28).
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Figure 28. Career Publication Analysis: Count of Unique Institutions in Coauthor Network

Career Publication Analysis. There was no statistically significant effect of group, F,110) =
.0004, p = .984, n% < .001. There was a statistically significant effect of Time, F(110) = 47.93, p
<.001 , n% =.303, such that awardees tended to have more countries in their networks following
their awards (Miog(post award) - log(pre award) = .311, 95% CI [0.222, 0.400]). There was no statistically
significant Group X Time interaction, Fq,1100 = .001 , p = .976, n% < .001, indicating that the
relationship between Group and total countries did not vary significantly from pre-award + 1 to
post-award + 1 (Figure 29).
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Figure 29. Career Publication Analysis: Count of Unique Countries in Coauthor Network
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b. Summary of Findings: Co-author Network

NI awardees and ESI RO1 awardees had similar profiles of co-author networks for career
publications. Both NI awardees and ESI RO1 awardees increased the size of their co-author
networks following their respective awards, as evidenced by post-award + 1 increases in the
number of coauthors, institutions, and countries involved in their published research.

5. Interdisciplinarity

As noted previously and in Appendix A, interdisciplinarity is defined as a mode of research by
teams or individuals that integrates perspectives/concepts/theories and/or tools/techniques and/or
information/data from two or more bodies of specialized knowledge or research practice. Its
purpose is to advance fundamental understanding or to solve problems whose solutions are beyond
the scope of a single field of research practice. This concept can be operationalized through an
assessment of the number of unique subject codes associated with a research publication.

a. Journal Subject Codes

The STPI team analyzed journal subject codes assigned by Scopus to journals as an indicator
of the fields covered within. A journal can have a single subject code or upward of a half dozen.
While these subject codes do not provide as much insight as an in-depth read of each publication,
they can serve as a proxy for the fields contained in the grant-funded research.

Attributed Publication Analysis. There was no statistically significant difference in the
number of unique subject codes covered by NI and ESI grant-attributed publications, Wilcoxon
signed-rank, V = 2885, p = .62, r = -0.03. Both the median NI and median ESI R01 Awardees
published across 15 unique subject codes (95% CI [13.07, 18.72] and 95% CI [13.78, 16.69]),
respectively (Figure 30, Panel A).

Career Publication Analysis. There was no statistically significant effect of group, F,110) =
1.80, p =.182, n% = .016. There was a statistically significant effect of Time, F(,110) = 63.70, p <
.001 , % =.367, such that awardees tended to have more total subject codes following their awards
(Miog(post award) - log(pre award) = .311, 95% CI [0.222, 0.400]). There was no statistically significant
Group X Time interaction, Fe110) = 2.40, p = .124, n% = .021, indicating that the relationship
between Group and total unique subject codes did not vary significantly from pre-award + 1 to
post-award + 1 (Figure 30, Panel B).
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Figure 30. Unique Journal Subject Codes

b. b. Summary of Findings: Interdisciplinarity

NI awardees and ESI R01 awardees had similar profiles with respect to unique subject codes.

C. Summary of Findings

Bibliometric analysis shows that NI awardees and ESI R01 awardees differ significantly in
publication production, most indicators of publication impact, and one aspect of coauthor networks
(Table 15). NI awardees produced fewer grant-attributed publications on both an annual and
cumulative basis. Furthermore, NI awardees tended to take longer to produce publications when
compared with their ESI counterparts. On the other hand, NI awardees produced publications that
received more citations from other researchers and were published in higher-impact journals.
Interestingly, NI and ESI RO1 Awardees do not differ significantly in terms of grant-attributed H
Index, despite NI awardees averaging more citations per publication. This may be because NI
awardees produce fewer publications on average, or it may be that while ESI and NI both have a
similar number of high-impact publications, those by NI awardees receive more citations
(Figure 31). Additionally, while ESI RO1 Awardees tended to publish in collaboration with more
institutions than NI awardees, there was no other indication that ESI and NI coauthor networks
differ in any quantitative or qualitative sense. Lastly, NI and ESI R01 Awardees do not differ in
terms of interdisciplinarity, as measured by the number of unique journal subject codes associated
with attributed publications.
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Figure 31. Possible Explanations for NI Awardees Averaging More Citations per Publication than
ESI RO1 Awardees, Yet Having the Same H Index as ESI RO1 Awardees
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Table 15. NI and ESI RO1 Award-Attributed Publication Bibliometrics

Group
NI Awardees ESI RO1 Awardees
Mdn 95% ClI Mdn 95% ClI \% p r
_E Number of Publications 12 [10.20, 13.17] 14 [11.25, 17.00] 21975 <.05 -0.15
S | Publications per Year 1.57 [1.32, 1.81] 1.75 [1.75, 2.14] 2204 <.05 -0.14
©
09_ Publishing Delay 4.14 [3.91, 4.30] 3.68 [3.41, 3.87] 4556 <.001 0.26
Avg. Citations per Publication  26.41 [21.11, 31.25] 20.36  [14.92, 24.45] 4324 <.01 0.18
H-Index 8 [6.46, 9.00] 8 [6.34, 8.99] 2652 46 -0.05
Avg. RCR 2.05 [1.78, 2.30] 1.57 [1.34, 1.85] 4529 <.001 0.23
_ | Avg. Journal IPP 7.69  [6.71, 8.47] 530 [4.84,5.74] 5200 <.001 0.34
§ Avg. Journal SNIP 2.04  [1.84,2.23] 156  [1.48,1.64] 4964 <.001 0.30
E | Avg. Journal SJIR 475  [3.94,5.69] 279  [2.42,3.09] 5231 <.001 0.35
Avg. Coauthors per 568  [5.17, 6.06] 579  [5.10, 6.48] 34305 .79 0.02
Publication
E ~x | Unique Coauthors 39 [30.24, 45.88] 42 [33.23, 50.06] 29045 .29 -0.07
:55' % Unique Coauthor Institutions 9 [7.11, 10.77] 12 [10.65, 14.69] 2178 <.01 -0.17
3 2 | Unique Coauthor Countries 3 [2.53, 3.62] 3 [2.12, 3.99] 1932 15 -0.10
Fin
g Unique Journal Subject Codes 15 [12.60, 17.61] 15 [13.02, 16.29] 2885 .62 -0.03
2
2 3
£5

Note. Statistically significant findings are in bold.

78



6. Grant Funding Analysis

The ability to compete successfully for grant funding is often necessary for the continuation of
biomedical and biobehavioral research. To examine the NI and ESI RO1 awardee’s ongoing
funding status, the STPI team analyzed the number of grant applications submitted by the NI and
ESI RO1 awardees over the eight years following the receipt of their respective awards and the
number of those applications that were funded.

A. Methodology

NI and ESI grant information was obtained from the IMPAC Il database. The STPI team used
R software to extract records for applications on which the 230 NI and ESI RO1 awardees were
listed as Pls. The 5,429 resulting records were reduced to 2,036 after: (1) restricting analyses to
Type 1 and Type 2 competitive applications; (2) removing Type 1 applications for the originally
awarded project; (3) removing applications submitted before the award date or after 8 years of the
award date; and (4) keeping one record per distinct awardee, type, and project (i.e., resubmissions
were not counted as new applications).

The STPI team then compared: (1) the proportion of each awardee group that applied; (2) the
average number of applications submitted by NI and ESI RO1 Awardees; (3) the rate at which each
groups’ applications were awarded; (4) the average number of awards received by NI and ESI RO1
Awardees; and (5) the proportion of each awardee group that received one or more awards. These
comparisons were made for all Type 1 applications for any NIH grant, DP1 Type 1 applications,
and RO1 applications. More specifically, the team tested R01 Type 1 applications, RO1 Type 2
applications, RO1 Type 1 and 2 applications combined, and RO1 Type 1 and 2 applications from
the ESI RO1 Awardee group versus Type 1 applications for only the NI awardee group for RO1
grants. The final unbalanced comparison was motivated by the question of whether ESI researchers
were more likely to submit Type 2 RO1 applications to continue their original award research.

To test significant differences between the proportion of awardees who applied and were
awarded funding, the team used McNemar’s chi-square test for paired data. Two sample proportion
tests and Fisher’s Exact tests (for small expected frequencies) assessed the degree to which the
award group was related to the proportion of applications awarded. Wilcoxon signed rank tests for
paired samples were used to assess differences in the number of applications submitted and
awarded for each group. All tests were two-tailed with acriticat = .05. Significance levels were not
adjusted for multiple comparisons. Summary tables with descriptive and inferential statistics
follow each results sub-section.
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B. Results: NI and ESI Post-Award Grant Applications and Awards
1. All NIH NI and ESI Applications and Awards

a. Applied for Funding

The STPI team first examined all Type 1 applications for any NIH grant submitted by NI and
ESI RO1 Awardees. There was no significant difference in the proportion of each awardee group
that submitted at least one application. However, NI awardees submitted significantly more
applications than did ESI R01 Awardees. Comparisons are illustrated in Figure 32, and Table 16
provides descriptive statistics and statistical test results.

b. Received Funding

Compared to the ESI RO1 Awardee group’s applications, NI awardee applications were
awarded at a significantly higher rate. Thus, on average, NI awardees received significantly more
awards than did ESI RO1 Awardees. The proportion of awardees who were funded was
significantly higher in the NI awardee group as compared to the ESI R01 Awardee group.
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Figure 32. All NIH Grants Applied for and Received by NI and ESI RO1 Awardees
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Table 16. All NIH Applications and Awards

Effect
NI Awardees ESI RO1 Awardees Test Statistic p Value S
ize
Statistic 95% CI Statistic 95% ClI
Applications
Mean (SD) 10.17 (8.70) [8.48, 11.65]" 6.43 (5.24) [5.44, 7.35]"
Median 8.00 [6.00, 9.00]* 5.00 [4.00, 5.00]* V= 777.50 <.001 r= 0.24
Proportion of 99.13% [95.24%, 93.91% [87.97%,
. Xy = 3.12 .077 OR= 7.00
Group Applied (114/115) 99.96%]* (108/115) 97.02%]*
Awards
Mean (SD) 2.03 (2.23) [1.60, 2.41]" 1.01 (1.21) [0.78, 1.22]
Median 1 [1.00, 2.00] 1 [0.00, 1.00]* V =969.00 <.001 r= 0.27
Percentage of 19.93% [17.74%, 15.68% [13.23%, .
L X1 = 5.21 .022 Phi= 0.05
Applications Awarded (233/1169) 22.32%]* (116/740) 18.47%]*
Percentage of Group [67.06%, 56.52% [47.40%,
75.65% (87/115) X(d=1= 7.60 .006 OR:= 2.22
Awarded 82.58%]* (65/115) 65.23%]*

Note. Statistically significant findings are in bold; OR = Odds Ratio.
T Bootstrapped Basic confidence intervals.
F Wilson score-test-based binomial confidence intervals.
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2. DP1 Awards

a. Applied for Funding

A significantly higher proportion of NI awardees than ESI R01 Awardees applied for DP1
funding. In addition to being more likely to apply, NI awardees also submitted significantly more
applications. Figure 33 illustrates all comparisons, and Table 17 provides all descriptive statistics
and statistical test results.

b. Received Funding

DP1 applications were awarded at a similar rate for each awardee group. However, NI
awardees received significantly more awards than did ESI RO1 Awardees because they submitted
more applications (Of the 74 NI awardee DP1 applications submitted, 8 were awarded; for the 9
ESI RO1 awardee DP1 applications, none were awarded). The proportion of awardees who
received DP1 funding was significantly higher in the NI awardee group compared to the ESI R0O1
Awardee group.
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Figure 33. DP1 Grants Applied for and Received by NI and ESI Awardees
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Table 17. DP1 Applications and Awards

NI Awardees ESI RO1 Awardees Test Statistic p Value Effect Size
Statistic 95% Cl Statistic 95% Cl
Applications
Mean (SD) 0.64 (1.00) [0.45, 0.82] 0.08 (0.35) [0.01, 0.14]"
Median 0.00 [0.00, 0.00]" 0.00 [0.00, 0.00]" VvV =150.00 <.001 r=0.32
Proportion of 38.26% 5.22%
_ [29.89%, 47.39%]* [2.41%, 10.92%]* X=1)= 27.38 <.001 OR= 7.33
Group Applied (44/115) (6/115)
Awards
Mean (SD) 0.07 (0.26) [0.02, 0.11]" 0.00 (0.00) [0.00, 0.00]*
Median 0.00 [0.00, 0.00]" 0.00 [0.00, 0.00]* VvV =0.00 .006 r= 222
Percentage of 0.00% ,
o 10.81% (8/74)  [5.58%, 19.91%)]* [0.00%, 29.91%]* X2@=1=0.19 0.660 Phi= 0.11
Applications Awarded (0/9)
Percentage of Group 0.00%
6.96% (8/115)  [3.57%, 13.13%)]* [0.00%, 3.23%)]* Xdr=1) = 6.12 .013 OR =17.00
Awarded (0/115)

Note. Statistically significant findings are in bold ; OR = Odds Ratio.
T Bootstrapped Basic confidence intervals.
# Wilson score-test-based binomial confidence intervals.
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3. RO1 Grants

The STPI team analyzed differences in several combinations of RO1 Type 1 and Type 2
applications and awards in order to understand the NI and ESI post-award application and award
landscape. Figures 34a and 34b illustrate all comparisons, and descriptive statistics and results for
each comparison are shown in Tables 18a, 18b, 18¢c, and 18d.%

a. Applied for Funding

A significantly higher proportion of NI awardees applied for RO1Type 1 grants than did ESI
RO1 Awardees. NI awardees also submitted significantly more applications than did ESI RO1
Awardees.

In contrast, compared to the ESI RO1 Awardee group, a significantly lower proportion of the
NI awardee group submitted RO1 Typel and 2 applications. NI awardees also submitted
significantly fewer RO1 Type 2 applications than did ESI R0O1 Awardees.

Ignoring type, similar proportions of the NI and ESI RO1 Awardee groups submitted RO1
applications. However, NI awardees submitted more applications on average than did ESI RO1
Awardees. Type 1 applications submitted by NI awardees were more numerous than Type 1 and
2 applications submitted by ESI RO1 Awardees.

b. Received Funding

NI RO1 Type 1 applications were also awarded at a significantly higher rate than were ESI
applications. Thus, NI awardees received significantly more Type 1 RO1 awards on average and
the NI awardee group was funded by Type 1 awards at a significantly higher proportion than was
the ESI RO1 Awardee group.

RO1 Type 2 applications were awarded at a similar rate, but NI awardees received significantly
fewer RO1 Type 2 awards. A significantly smaller proportion of the NI awardee group was funded
by RO1 Type 2 awards than was the ESI RO1 Awardee group.

Ignoring type, applications from each group were awarded at a similar rate. NI awardees
received more R01 awards on average than did ESI R01 Awardees, but ESI RO1 Type 1 and Type
2 awards together outnumbered NI RO1 Type 1 awards. Similar proportions of each group received
any type of R0O1 funding.

15 Two NI awardees received R01 Type 1 grants in the same year that they received their NI DP2 award. This
created a discrepancy in the tabulation of RO1 Type 1 awards due to selection criteria; however, it did not change
the overall results and conclusions of the analysis.
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Figure 34a. RO1 Grants Applied for and Received by NI and ESI RO1 Awardees
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