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Background: Large cross-disciplinary scientifıc teams are becoming increasingly prominent in the
conduct of research.

Purpose: This paper reports on a quasi-experimental longitudinal study conducted to compare
bibliometric indicators of scientifıc collaboration, productivity, and impact of center-based transdis-
ciplinary team science initiatives and traditional investigator-initiated grants in the same fıeld.

Methods: All grants began between 1994 and 2004 andup to 10 years of publication datawere collected
for each grant. Publication informationwas compiled andanalyzedduring the spring and summerof 2010.

Results: Following an initial lag period, the transdisciplinary research center grants had higher
overall publication rates than the investigator-initiated R01 (NIH Research Project Grant Program)
grants. There were relatively uniformpublication rates across the research center grants compared to
dramatically dispersed publication rates among the R01 grants. On average, publications produced
by the research center grants had greater numbers of coauthors but similar journal impact factors
compared with publications produced by the R01 grants.

Conclusions: The lag in productivity among the transdisciplinary center grants was offset by their
overall higher publication rates and average number of coauthors per publication, relative to
investigator-initiated grants, over the 10-year comparison period. The fındings suggest that trans-
disciplinary center grants create benefıts for both scientifıc productivity and collaboration.
(Am J Prev Med 2012;42(2):157–163) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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Background

Therapid proliferation of scholarly knowledge and
the increasing complexity of social and scientifıc
problems have prompted growing investments in

eam science initiatives.1–8 These initiatives typically last
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to 10 years and are dispersed across different depart-
ents, institutions, and geographic locations.5,9–11Many
f these initiatives are based on the belief that team-based
esearch integrating the strengths of multiple disciplines
ay accelerate progress toward resolving complex soci-
tal and scientifıc problems.12,13 The health sciences, in
particular, have embraced this approach to address per-
vasive public health threats such as those associated with
smoking, obesity, and environmental carcinogens.14–16

Cross-disciplinary collaboration ranges from the least-
integrative formof team science,multidisciplinary collab-
oration, to the most-integrative, transdisciplinary collab-
oration, with interdisciplinary collaboration falling
between those.17,18 Participants in multidisciplinary and
interdisciplinary collaborations remain conceptually and
methodologically anchored in their respective disci-
plines, although some exchange of diverse perspectives
occurs among research partners. Participants in transdis-

ciplinary collaborations transcend their disciplines, en-
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gaging in a collaborative process to develop a shared
conceptual framework that integrates and extends be-
yond the contributing disciplinary perspectives.
These research initiatives create a “melting pot” for

different disciplinary cultures, theoretic and methodo-
logic approaches, and technologies. However, there is
limited empirical evidence concerning whether these ini-
tiatives enhance innovation, productivity, or other re-
search outcomes. The present study explicitly compared
the scientifıc productivity of traditional investigator-
initiated research with that of center-based initiatives con-
ducted by transdisciplinary science teams.19

The National Cancer Institute (NCI) within the NIH has
supported several transdisciplinary center initiatives20–23

over the past decade, alongwith related evaluation activities
to better understand the impacts of these initiatives.11,24,25

The fırst of these initiatives, theTransdisciplinaryTobaccoRe-
searchUseCenters (TTURC),was developed because tobacco
use researchwas becoming increasingly restricted to disciplin-
ary silos, and there appeared to be a decline in scientifıc break-
throughsandrelatedinnovationsinhealthinterventions.26The
TURCinitiative26,27was launched in1999and

renewed in 2005, ultimately supporting eight
geographically dispersed centers. The grant
mechanism used encouraged within- and be-
tween-center collaboration.20,24,27

The structure of the TTURCswas designed
explicitly to promote transdisciplinary re-
search.Eachcenterwas required to: (1)haveat
least three primary research subprojects, each
similar in size,duration,budget, andscope toa
study supported by a traditional NIH grant (R01); (2) pro-
vide career development opportunities for new and estab-
lished investigators; (3) provide developmental funds for
innovativepilotprojects; (4) establishsharedadministrative,
technical, statistical, and other infrastructure (referred to as
“cores”) to support the scientifıc subprojects; and (5) collab-
orate with other TTURCs. Centers were encouraged to col-
laborate with other partners such as NCI tobacco experts,
community organizations, and policymakers. In addition,
unlikeothercentergrant initiativessuchasNIHP01s,P50sand
SPORES, the TTURC initiative introduced explicit expecta-
tions related to transdisciplinary knowledge synthesis, includ-
ing the development of transdisciplinary conceptual models,
methodologic approaches, and translational applications that
would advance the science of tobaccoprevention and control.
The present study examines whether the TTURC ini-

tiative produced greater scientifıc collaboration, produc-
tivity, and impact than traditional investigator-initiated
research conducted in the same fıeld and funding period.
It had three principal research questions: (1) Are there
differences in scientifıc collaboration, productivity, and
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impact between TTURC center grants and R01 grants for
tobacco use research, including the volume and timing of
productivity? (2) Are there within-group differences in sci-
entifıcproductivity among the two typesof grants? (3)What
factors account for differences in between- and within-
group scientifıc productivity among the grant types?

Methods
This studyusedaquasi-experimentaldesign incorporating threecom-
parison groups.28 The fırst group included the six TTURC centers
with continuous funding from 1999 to 2009; these centers encom-
passed 39 distinct primary research subprojects that lasted for either 5
(n�33) or 10 (n�6) years. The second and third components con-
isted of two comparison groups encompassing investigator-initiated
obaccouse research grants funded through theNIHR01grantmech-
nism. These groups were generated using anNIH-wide grants man-
gement database and subsequently screened by tobacco scientists to
dentifygrants thatmatched theTTURCprimaryresearchsubprojects
n duration, timing, scope, and topical focus. The longitudinal R01
LR01) award comparison group (n�21) was designed to match the
0-year duration and consistent institutional infrastructure and re-
ources of the six TTURCs. The stacked R01 (SR01) award compari-
on group (n�39) was designed to match the duration and funding
eriods of the 39 TTURC subprojects.

The study incorporated bibliometric indicators
of scientifıc productivity, collaboration, and im-
pact as the main dependent variables. These were
number of publications, number of coauthors per
publication, and journal impact factors associated
with these publications. Publication datawere ob-
tained and analyzed in 2010 from two NIH data-
bases that link grant records to publication re-
cords in MEDLINE. Journal Citation Reports29

was used to obtain annual journal impact factors.
To compareTTURCsubprojects toR01grants,

publicationswere linked to the individual TTURCs through acknowl-
edgement of a center-based grant number and then assigned to a
specifıc subproject using a series of algorithms as well as manual
review of the annual progress reports. Publications assigned to the
cores, developmental pilot projects, and multicenter collaborations
were included inoverall analysesof theTTURCinitiativebut excluded
from analyses at the subproject level because, onmanual review, they
were found tobequalitativelydifferent frompublications that resulted
directly from TTURC scientifıc subprojects and R01 grants. To ac-
count for differences in grant start dates, publications were linked to
project years (e.g.,Year1of agiven study).Pairwise comparison t-tests
nd chi-square analyses were conducted to test for between-group
ifferences in bibliometric outcomes and selected covariates. Appen-
ix A (available online at www.ajpmonline.org) provides a more

detailed description of these methods.

Results

Comparability of the Transdisciplinary Tobacco
Research Use Center and R01 Groups
Table 1 provides descriptive characteristics of the
TTURC subprojects and the two groups of R01 grants,
including type of research study, number of additional
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rank of the PI at the time of the award. There were no
differences in any of these covariates across groups.
All three groups had the samepattern of results for type

of study and number of additional grants at the start of
the award. Across the groups, the order of frequency for
type of study was clinical studies (comprising the major-
ity of the studies, at 38%–64%) followed by laboratory/
basic animal studies (21%–31%); epidemiology/surveil-
lance studies (15%–28%); and policy research (0%–9%).
The majority of PIs in all three groups had one or more
additional funded grants at the time of the TTURC (75%)
or R01 award (LR01, 81%; SR01, 67%). Among these,
most had one or two grants, followed in frequency by PIs
who had no other grants at the time of the award.
Between-group differences were found in the PI’s aca-

demic rank at the time of the award. In all three groups,
the most common rank at the time of the award was
Professor (36%–54%). In the TTURC group, the second
most common rank was Assistant Professor (36%),
whereas in the two R01 groups the secondmost common
rank was Associate Professor (LR01, 19%; SR01, 36%).

Differences in Scientific Productivity,
Collaboration, and Impact
The top half of Figure 1 shows the total number of publi-

Table 1. Descriptive characteristics of TTURC subprojects

Covariate
TTUR
(n�3

Type of research study

Policy research 1 (3

Clinical 15 (3

Laboratory/basic animal 12 (3

Epidemiology/surveillance 11 (2

Number of additional grants led by principal investigator at time

0 10 (2

1 or 2 19 (4

3 or 4 7 (1

5 or 6 3 (8

Academic rank of principal investigator at time of award

Professor 21 (5

Associate professor 4 (1

Assistant professor 10 (2

Other 4 (1

LR01, longitudinal R01 grant; NS, not significant; R01, NIH R
Transdisciplinary Tobacco Research Use Center
ations per year for each group across the 10 years of

ebruary 2012
TTURC funding. By Year 2, the LR01 group was produc-
ing at a higher rate (n�28 publications) than the TTURC
(n�6) or SR01 group (n�9). However, by Year 3 the
TTURC group was producing more publications (n�31)
than both comparison groups (LR01: n�21, SR01:
n�15), and this higher rate of productivity increased over
the remaining project years. An analysis of cumulative
publications for each group, by project year, shows that in
earlier project years, the LR01 group producedmore pub-
lications than both the TTURC and SR01 groups (Figure
1, bottom). However, by Year 3 the TTURC group
(n�39) out-produced the SR01 group (n�28), and by
Year 5 the TTURC group (n�161) out-produced the
LR01 group (n�128). By Year 10, the TTURC group
(n�579) out-produced the SR01 group (n�251) bymore
than 100% and the LR01 group (n�359) by approxi-
mately 40%.
Average number of coauthors per publication and av-

erage journal impact factor per publication were assessed
as indicators of collaboration and scientifıc impact, re-
spectively. With the exceptions of Years 1 and 10, the
TTURC group had higher average numbers of coauthors
on publications per year (M�6.04, SD�3.44) than both
the LR01 (M�4.02, SD�2.48) and SR01 (M�4.94,
SD�2.70) groups. These differences were signifıcant

R01 grants, n (%) unless otherwise noted

Group

LR01
(n�21)

SR01
(n�39) �2 p

2 (9) 0 (0) 9.11 NS

10 (48) 25 (64) — —

5 (24) 8 (21) — —

4 (19) 6 (15) — —

ward

4 (19) 13 (33) — —

12 (57) 18 (46) 2.45 NS

4 (19) 7 (18) — —

1 (5) 1 (3) — —

10 (48) 14 (36 9.51 NS

4 (19) 14 (36) — —

3 (14) 6 (15) — —

4 (19) 5 (13) — —

rch Project Grant Program; SR01, stacked R01 grant; TTURC,
and

C
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SR01: t�4.48, p�0.0001, df�828). Average journal im-
pact factor was slightly higher in the SR01 and LR01
groups in the fırst 2 project years. However, when aver-
aged across the full 10 years, there were no differences in
average journal impact factor among the TTURC
(M�3.82, SD�3.28); LR01 (M�3.78, SD�3.53); and
SR01 (M�4.10, SD�2.64) groups (Appendixes B and C,
available online at www.ajpomonline.org).

Within- and Between-Group Differences in
Productivity Among Transdisciplinary Tobacco
Research Use Center Subprojects and R01
Grants
Analyses comparing the productivity of individual
TTURC subprojects to R01 grants found that, on average,
the TTURC subprojects produced slightly fewer publica-
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Figure 1. Annual and cumulative numbers of publications
across comparison groups
Long, longitudinal; R01, NIH Research Project Grant Program;
TTURC, Transdisciplinary Tobacco Research Use Center
tions per project year than the LR01 group grants (0.04)
and slightly more than the SR01 group grants (0.65) (Fig-
ure 2). The mean number of yearly publications across
the three groups was 1.42 (TTURC: M�1.66; LR01:
M�1.70; SR01: M�1.01). Approximately 38.5% of the
TTURC subprojects produced more publications than
the across-group mean compared to 38.1% of the LR01
grants and 23.1% of the SR01 grants. This difference was
not signifıcant.
Low-performing outliers were defıned as those grants

that produced zero publications across their funding pe-
riod. They included one TTURC subproject (2%) and 10
SR01 grants (25%). High-performing outliers were de-
fıned as subprojects or grants with publication rates be-
tween 1.5 and 3 interquartile range (IQR) units above the
75th percentile of their group. They included two SR01
grants with 3.2 and 3.4 average publications per year
(represented by the circles in Figure 2). Extremely high-
performing outliers were defıned as subprojects or grants
with publication rates more than 3 IQR units above the
75th percentile of their group. They included two LR01
grants with 8.8 and 6.3 average publications per year, and
two SR01 grants with 5.8 and 5.6 average publications per
year (represented by the asterisks in Figure 2).

Figure 2. Average number of yearly publications by TTURC
subprojects and R01 grants
Note: The top of the box represents the 75th percentile for that group whereas
the bottom of the box represents the 25th percentile for that group. The black
line across the center of the box represents the median number of publications
for that group (TTURC�1.2; LR01�1.1; SR01�0.6). The whiskers represent
the highest and lowest values within the group that are not outliers. The circles
represent high-performing outliers with the average number of publications per
year falling between 1.5 and 3 IQR (interquartile range) units above the 75th
percentile in their group. The asterisks represent extremely high-performing
outliers with the average number of publications per year falling more than 3
IQR units above the 75th percentile in their group.
Long, longitudinal; R01, NIH Research Project Grant Program; TTURC, Trans-

disciplinary Tobacco Research Use Center
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Discussion
This study demonstrated how a longitudinal quasi-
experimental design, incorporating comparison groups and
bibliometric indicators, can be used to evaluate the
comparative outcomes of center-based and individual-
investigator funding mechanisms for scientifıc pro-
ductivity, collaboration, and impact. Analyses revealed dif-
ferences in number and timing of publications, as well as
coauthorship patterns, between NIH-funded transdisci-
plinary center grants and investigator-initiated research
grants in the same fıeld, suggesting that despite an initial
lag in productivity, the transdisciplinary center grant-
funding mechanism afforded overall advantages for pro-
ductivity and collaboration.
This observed lag in productivity may reflect circum-

stances that required substantial investments of start-up
time among center grants, which are typically absent in
investigator-initiated projects. These include establishing
the specifıc infrastructure required by the TTURC initia-
tive, such as centerwide training programs and administra-
tive cores, andmobilizing the organizational resources, pro-
cesses, andpolicies needed to support collaborations among
large teams of researchers both within and across funded
centers.Examples include institutional support structures to
facilitate communication, data sharing, and collaborative
analyses, and cross-institutional collaboration policies.30

Moreover, this lag may reflect the fact that the TTURCs
included more junior investigators than did the two R01
groups. The presence of more junior investigators among
the TTURCs also makes the overall productivity advantage
of the TTURCsmore striking.
Additional start-up processes that may delay publi-

cations in a transdisciplinary context include the need
to develop collaborative strategies, including articulat-
ing shared goals, developing shared language for discuss-
ing scientifıc objectives and methods, and integrating
research questions and methodologic approaches from
diverse fıelds in efforts to advance the science. Previously
published data gathered during the fırst 3 years of the
TTURC initiative support this hypothesis. The study doc-
umented challenges in the centers related to conflict res-
olution, meeting productivity, communication, project
initiation, personnel turnover, and associated time bur-
dens, which highlights potential causes of productivity
lags.11,25

The differences in average number of coauthors per
publication between the TTURCs and R01 grants also
may reflect unique features of the TTURC initiative. The
center structure, center-level training opportunities,
shared cores, and grantee meetings produced opportuni-
ties to create connections within and across centers,

whereas funding agency expectations for transdisci-

ebruary 2012
plinary science likely encouraged collaboration within
and across TTURC centers.
The lack of signifıcant between-group differences in

average journal impact factormay be a reflection of effec-
tive sampling strategies, yielding comparison groupswith
such similar research foci as those addressed by the
TTURCs that fındings were published in the same set of
journals. This phenomenon also may reflect features of
the tobacco fıeld.31 Specifıcally, the existence of a well-
established set of journals devoted to tobacco-related re-
search reduces the potential variability in impact factors
for publications related to tobacco. Yet, other research
suggests that collaborationmay enhance scientifıc impact
as measured by citation rates.32 Given the limitations of
ournal impact factors as criteria of scientifıc impact,
uture research would benefıt from additional methods
or evaluating scientifıc productivity and influence.33 Ex-
pert panels and science mapping techniques, including
maps of citation patterns and diffusion of key concepts,
are alternative methods that could be used to assess the
relative impact of center grants and investigator-initiated
grants.
Three notable patterns emerged from the subproject-

level analyses: (1) the TTURC subprojects hadmore consis-
tent annual publication rates than R01 grants; (2) average
annual productivity in both R01 groups was influenced
heavily by high-performing outliers; and (3) ten 5-year R01
grants produced zero publications during the study period.
Plausible explanations for more-consistent annual publica-
tion rates among the TTURC subprojects include (1) the
additional levels of expectations, oversight, and visibility
created by the center structure; (2) the requirement to pres-
ent research progress and fındings at semi-annual grantee
meetings; (3) a formal midcourse review by the funding
agency; and (4) site visits by funding agency program staff
and advisory committee members. The average number of
annual publications in the LR01 group decreased from 1.70
to 1.09 when two extremely high-performing R01 grants
with the samePIwere removed from the sample.An impor-
tant direction for future research is to identify investigator-
level and institutional-level factors that account for varia-
tions in productivity among grants, especially R01s.
As noted earlier, 25% (n�10) of the SR01 group

grants—all 5-year R01s—produced zero publications
over the study period, whereas this was the case in only
one TTURC subproject, and in no LR01s. There are sev-
eral possible explanations for this pattern. First, like the
TTURCs, the LR01 group grants may have been sup-
ported by infrastructure and resources that were estab-
lished over 10 years of consecutive funding. For instance,
the TTURC infrastructure (e.g., dedicated face-to-face
cross-center meetings, administrative cores), likely in-

creased the coordination mechanisms used to facilitate
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collaboration, which may have lead to a greater number
of papers.34,35 This hypothesis is supported also by the
fact that the LR01s outpaced the SR01s in Project Years 6
through 10 (Figure 1).
Another possible explanation is that peer reviewers

tend to score renewal applications higher when there is
evidence of productivity (e.g., publications) during the
fırst 5 years of the project. The LR01 group may include
grants that demonstrated high productivity. This hypoth-
esis is supported by the fact that the LR01 group outpaced
the SR01 group (comprised primarily of 5-year R01s) in
cumulative publications through Project Year 5. Com-
peting renewals are known to produce more papers than
newly funded research.36 Multiple methods to gauge sci-
entifıc productivitywould help offset limitations inherent
in these bibliometric assessments, including their ten-
dency to under-represent productivity when investiga-
tors neglect to cite their grant numbers, resulting in the
omission of relevant publications from MEDLINE and
other automated databases. It will be important for future
research to capture additional forms of productivity that
are not reflected in publication counts. In addition,
mixed-method approaches to measurement and evalua-
tion are needed.
These fındings are relevant to the design of future team

science grants, including but not limited to center grants,
as well as R01 grants. Funding agencies may be able to
enhance support for collaboration in future team science
grant initiatives by including requirements for collabora-
tion as well as guidelines and technical assistance to im-
plement best practices for successful collaboration. They
also could provide initiative-level infrastructure to sup-
port collaboration within and across funded groups
such as support for a coordinating center as in the
NCI-supported Transdisciplinary Research in Ener-
getics and Cancer (TREC) center initiative.37

Additional resources that promote effective collabora-
tion for investigators funded either through center grants
or mechanisms that support investigator-initiated research
include web-based portals where investigators can access
information about best practices in team science,30,38,39

and cyber-infrastructures that enable cross-disciplinary
networking (e.g., Research Networking Tools and Exper-
tise Profıling Systems) and cross-project data sharing and
analyses.10,31,40

Evaluation of alternative funding durations and grant
mechanisms is critically important as a basis for enhanc-
ing scientifıc and societal returns on future research in-
vestments. The cumulative scientifıc impact of particular
grant initiatives can take decades to emerge. Yet, the
present study demonstrates how bibliometric analyses
can be used as an interim evaluation strategy for compar-

ing alternative funding mechanisms on a variety of out-
come measures. Advances in methods to evaluate the
merits of different funding strategies will help to build the
evidence base for crafting future funding mechanisms
that maximize returns on research investments and ulti-
mately accelerate efforts to successfully address their sci-
entifıc and societal goals.
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Appendix

Supplementary data

Supplementary data associatedwith this article can be found, in the

online version, at doi:10.1016/j.amepre.2011.10.011.
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