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The Science of Team Science: Origins and Themes 

he Science of Team Science 
verview of the Field and Introduction to the Supplement 

aniel Stokols, PhD, Kara L. Hall, PhD, Brandie K. Taylor, MA, Richard P. Moser, PhD 

bstract:	 The science of team science encompasses an amalgam of conceptual and methodologic 
strategies aimed at understanding and enhancing the outcomes of large-scale collaborative 
research and training programs. This field has emerged rapidly in recent years, largely in 
response to growing concerns about the cost effectiveness of public- and private-sector 
investments in team-based science and training initiatives. The distinctive boundaries and 
substantive concerns of this field, however, have remained difficult to discern. An 
important challenge for the field is to characterize the science of team science more clearly 
in terms of its major theoretical, methodologic, and translational concerns. The articles in 
this supplement address this challenge, especially in the context of designing, implement
ing, and evaluating cross-disciplinary research initiatives. This introductory article summa
rizes the major goals and organizing themes of the supplement, draws links between the 
constituent articles, and identifies new areas of study within the science of team science. 
(Am J Prev Med 2008;35(2S):S77–S89) © 2008 American Journal of Preventive Medicine 
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he past two decades have witnessed a surge of 
interest and investments in large-scale team 
science programs.1–7 Ambitious multiyear initi

tives to promote cross-disciplinary collaboration in 
esearch and training have been launched by several 
ublic agencies and private foundations.8 –15 Consider

ng the enormous complexity and multifactorial causa
ion of the most vexing social, environmental, and 
ublic health problems (e.g., terrorism and inter
thnic violence; global warming; cancer, heart disease, 
iabetes, and AIDS; health disparities among minority 
opulations), efforts to foster greater collaboration 
mong scientists trained in different fields are not only 
 useful but also an essential strategy for ameliorating 
hese problems.16 –22 At the same time, some observers 
f science policy question whether the current popu

arity of cross-disciplinary research and training is 
erely a passing fad whose scientific and societal value, 

elative to smaller-scale unidisciplinary projects, has 
een overstated.23 Critics of cross-disciplinary initiatives 
ontend that they divert valuable resources from im
ortant discipline-based research and draw scientists 

nto collaborative centers and teams who otherwise 

rom the School of Social Ecology, University of California Irvine 
Stokols), Irvine, California; the Division of Cancer Control and 
opulation Sciences, National Cancer Institute (Hall, Moser); and 
he Office of Portfolio Analysis and Strategic Initiatives, NIH (Tay
or), Bethesda, Maryland 

Address correspondence and reprint requests to: Daniel Stokols, 
hD, Department of Planning, Policy and Design, UC Irvine, 206-C 

ocial Ecology I Building, School of Social Ecology, Irvine CA 92697. 
-mail: dstokols@uci.edu. o

m J Prev Med 2008;35(2S) 
 2008 American Journal of Preventive Medicine • Published by 
ight be more productive working independently or as 
o-investigators on smaller-scale projects.24,25 

As public and private investments in team science 
nitiatives have grown and debates about their intellec
ual and societal value have ensued, the importance of 
learly defining and evaluating the effectiveness of 
hese programs has become more evident.26–31 Practi
al concerns about gauging the value added and the 
eturn on investment accruing from large research 
nitiatives4,26,32 have given rise to the science of team 
cience, a rapidly emerging yet still-amorphous field 
haracterized by a lack of consensus about its defining 
ubstantive boundaries and core concerns. 

The goals of this article are twofold: (1) to describe 
he science of team science in terms of its major 
onceptual, methodologic, and translational concerns; 
nd (2) to introduce the present supplement to the 
merican Journal of Preventive Medicine on the science of 

eam science by offering an overview of its organization 
nd specific aims.9,19,27,33–49 

he Science of Team Science: Units of Analysis and 
istinguishing Features 

t is important to distinguish between team science initi
tives themselves and the science-of-team-science field, 
hose principal units of analysis are the large research 
nd training initiatives implemented by public agencies 
nd nonpublic organizations and the various projects 
ithin each initiative conducted by scholars who work 
ithin and across their respective fields. Team science 

nitiatives are designed to promote collaborative—and 

ften cross-disciplinary—approaches to analyzing re-

0749-3797/08/$–see front matter S77 
Elsevier Inc. doi:10.1016/j.amepre.2008.05.002 
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earch questions about particular phenomena (e.g., the 
oint influence of social, behavioral, and biogenetic 
actors on cancer etiology and treatment examined by 
iatt and Breen,19 and the multilevel determinants of 
ealth disparities discussed by Holmes et al.34 in this 
upplement). The science-of-team-science field, on the 
ther hand, is a branch of science studies concerned 
specially with understanding and managing circum
tances that facilitate or hinder the effectiveness of 
eam science initiatives.50–54 The field as a whole fo
uses not on the phenomena addressed by particular 
eam science initiatives (e.g., cancer, heart disease, 
besity, community violence, environmental degrada
ion), but rather on understanding and enhancing the 
ntecedent conditions, collaborative processes, and 
utcomes associated with team science initiatives more 
enerally, including their scientific discoveries, educa
ional outcomes, and translations of research findings 
nto new clinical practices and public policies.9,35,55 

ome of the distinguishing features of team science 
nitiatives and the unique substantive concerns of the 
cience-of-team-science field are outlined below. 

haracteristics of Scientific Initiatives and Teams 

fforts to integrate knowledge in the science-of-team
cience field face considerable challenges, owing to the 
ighly disparate units of analysis found in the earlier 
tudies of scientific teams.27,36,56 Research teams, for 
xample, may consist of investigators drawn from either 
he same or different fields (i.e., unidisciplinary versus 
ross-disciplinary teams). These teams vary not only in 
erms of their disciplinary composition but also in 
erms of their size, organizational complexity, and 
eographic scope, ranging from a few participants 
orking at the same site to scores of investigators 
ispersed across multiple geographic and organiza

55,57ional venues. Furthermore, the goals of team 
cience initiatives are quite diverse (e.g., spanning 
cientific discovery; training; and clinical, translational, 
ublic health, and policy-related goals), and both the 
uality and level of intellectual integration intended 
nd achieved among disciplines varies from one pro
ram to the next (i.e., along a continuum ranging from 
nidisciplinary to multidisciplinary, interdisciplinary, 
nd transdisciplinary integration, as described more 
ully below).27,37,58–60 

Because team science initiatives differ along so many 
imensions, including their size, goals, duration, orga
izational structure, and cross-disciplinary scope, it is 

mportant to be clear at the outset about the kinds of 
esearch and training initiatives emphasized in the 
resent discussion. Team-based projects can include a 
andful of scientists working together at a single site, 
ut the focus here is on the larger and more-complex 

nitiatives comprising many (e.g., often between 50 and 

00) investigators who work collaboratively on multi

t
p

78 American Journal of Preventive Medicine, Volume 35, Num
le, closely related research projects, and who may be 
ispersed across different departments, institutions, 
nd geographic locations.55 Trochim and colleagues,6 

or example, define large research initiatives as grant-
unded projects solicited through specific requests for 
pplications with an average annual expenditure of at 
east $5 million. The usual duration of these initiatives 
e.g., NIH P50 and U54 Centers, National Cancer 
nstitute [NCI] Specialized Programs of Research Ex
ellence [SPOREs]) is 5 years, and they may be re
unded, thus extending over one or more decades, in 
ome cases.61 Some especially broad-gauged initiatives, 
uch as the NIH Roadmap and the Office of Portfolio 
nalysis and Strategic Initiatives (OPASI) programs, 
rovide the organizational framework and funding 
ource for scores of other interrelated research and 
raining initiatives, all of which are designed to pro

ote cross-disciplinary scientific collaboration.11,14 Of
en, large research initiatives incorporate career devel
pment and training components as well as clinical 
ranslation, health promotion, and policy-related func
ions.13,62–64 The articles in this supplement address 
he full range of scientific, training, clinical translation, 
ommunity outreach, health promotion, and public-
olicy goals emphasized within relatively large team 
cience initiatives of varying size and complexity. 

Large initiatives also vary with respect to the collab
rative orientations and disciplinary perspectives of 
eam members. This discussion focuses on initiatives 
ntended to promote cross-disciplinary rather than 
nidisciplinary collaboration.a Cross-disciplinary teams 
trive to combine and, in some cases, to integrate 
oncepts, methods, and theories drawn from two or 
ore fields. Three different approaches to cross-

isciplinary collaboration have been described by 
osenfield.60 Multidisciplinarity is a process in which 

cholars from disparate fields work independently or 
equentially, periodically coming together to share 
heir individual perspectives for purposes of achieving 
roader-gauged analyses of common research prob

ems. Participants in multidisciplinary teams remain 
rmly anchored in the concepts and methods of their 
espective fields. Interdisciplinarity is a more robust 
pproach to scientific integration in the sense that team 
embers not only combine or juxtapose concepts and 

Distinctions between cross-disciplinary and unidisciplinary collabo
ation depend on how individual disciplines are defined and boun
ed.65 Disciplines are generally organized around distinctive substantive 
oncerns (e.g., biological, psychological, environmental, or socio
ogic phenomena); analytic levels (e.g., molecular, cellular, cognitive, 
ehavioral, interpersonal, organizational, community); and concepts, 
ethods, and measures associated with particular fields. The bound

ries between disciplines and subdisciplines are to some extent 
rbitrarily defined and agreed upon by communities of scholars.66,67 

or instance, the boundaries between some fields may be overlapping 
e.g., physiology and molecular biology) and other fields, such as 
ublic health and urban planning, are inherently multidisciplinary in 
hat they combine several disciplinary perspectives in analyses of 
opulation health and urban development. 

ber 2S www.ajpm-online.net 
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able 1. Definitions and examples of scientific orientations6

cientific orientation Definition 

nidisciplinarity Unidisciplinarity is a process in wh
researchers from a single discip
together to address a common r
problem. 

ultidisciplinarity Multidisciplinarity is a sequential 
whereby researchers in differen
disciplines work independently, 
from his or her own discipline-s
perspective, with a goal of event
combining efforts to address a c
research problem. 

nterdisciplinarity Interdisciplinarity is an interactive
in which researchers work jointl
drawing from his or her own di
specific perspective, to address a
common research problem. 

ransdisciplinarity Transdisciplinarity is an integrativ
in which researchers work jointl
develop and use a shared conce
framework that synthesizes and 
discipline-specific theories, conc
methods, or all three to create n
models and language to address
common research problem. 

ethods drawn from their different fields, but also 
ork more intensively to integrate their divergent per

pectives, even while remaining anchored in their own 
espective fields.27 

Transdisciplinarity is a process in which team mem
ers representing different fields work together over 
xtended periods to develop shared conceptual and 
ethodologic frameworks that not only integrate but 

lso transcend their respective disciplinary perspec
ives.b Examples of unidisciplinary, multidisciplinary, 
nterdisciplinary, and transdisciplinary scientific orien
ations are provided in Table 1. Transdisciplinary 
ollaborations perhaps have the greatest potential to 
roduce highly novel and generative scientific out
omes, but they are more difficult to achieve and 
ustain than unidisciplinary, multidisciplinary, and 
nterdisciplinary projects due to their greater com
lexity and loftier aspirations for achieving transcen
ent, supra-disciplinary integrations.27,31,37,56,68 –70 

The ensuing discussion focuses primarily on interdis
iplinary and transdisciplinary science initiatives in 
hich an explicit goal of the collaboration is to inte

As Klein27 has observed, cross-disciplinary teams, rather than being 
xclusively multidisciplinary, interdisciplinary, or transdisciplinary in 
heir orientation, often incorporate a mixture of these approaches, 

ach of which may become more or less predominant during 
ifferent phases of collaboration. p

ugust 2008 
Example 

ork 
ch 

ss 

c 

on 

ess 
h 
e-

cess 

 
ds 

A team of pharmacologists collaborate on a 
laboratory study of the relationships between 
nicotine consumption and insulin metabolism. 

A pharmacologist, health psychologist, and 
neuroscientist each contribute sections to a 
multi-authored manuscript that reviews 
research in their respective fields pertaining to 
the links between nicotine consumption, 
changes in brain chemistry and caloric intake 
induced by nicotine, and physical activity levels. 

A pharmacologist, health psychologist, and 
neuroscientist conduct a collaborative study to 
examine the interrelations among patterns of 
nicotine consumption, brain chemistry, caloric 
intake, and physical activity levels. Their 
research design incorporates conceptual and 
methodologic approaches drawn from each of 
their respective fields. 

A pharmacologist, health psychologist, and 
neuroscientist conduct a collaborative study to 
examine the interrelations among nicotine 
consumption, brain chemistry, caloric intake, 
and physical activity levels. Based on their 
findings, they develop a neurobehavioral model 
of the links among tobacco consumption, brain 
chemistry, insulin metabolism, physical activity, 
and obesity that integrates and extends the 
concepts and methods drawn from their 
respective fields. 

rate theories, methods, and training strategies drawn 
rom two or more fields. Examples of large-scale inter
isciplinary and transdisciplinary team initiatives are 

he NCI, National Institute of Drug Abuse (NIDA), and 
ational Institute on Alcohol Abuse and Alcoholism 

NIAAA) Transdisciplinary Tobacco Use Research Cen
ers (TTURCs)71; the NCI Transdisciplinary Research 
n Energetics and Cancer (TREC) Centers72; the Cen
ers for Excellence in Cancer Communications Re
earch (CECCR)73; the National Institute of Environ
ental Health Sciences (NIEHS)64; the National 

nstitute on Aging (NIA)64; the NIH Office of Behav
oral and Social Sciences Research (OBSSR)64; the NCI 
enters for Population Health and Health Disparities 
CPHHD)64; and the National Center for Research 
esources (NCCR) Clinical and Translational Science 
enters (CTSC).13,74 

The distinctions among unidisciplinary, multidisci
linary, interdisciplinary, and transdisciplinary forms of 
cientific collaboration are directly relevant to the 
evelopment of criteria for gauging the success of team 
cience initiatives. In particular, measures of scientific 
ollaboration and its outcomes should be appropriately 
atched to the research, training, and translational 

oals of particular initiatives. A key goal of interdisci
0 

ich 
line w
esear

proce
t 
each 
pecifi
ually 
omm

 proc
y, eac
sciplin
 

e pro
y to 
ptual
exten
epts, 
ew 
 a 
linary and transdisciplinary initiatives, for example, is 
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o bridge the perspectives of different fields through 
he collaborative development of integrative conceptu
lizations, methodologic approaches, and training 
trategies. Thus, an important criterion for gauging the 
uccess of these initiatives is the extent to which cross-
isciplinary integrations are actually achieved by re
earch teams.27,37,75 These issues are discussed more 
ully below. 

ubstantive Concerns and Research Foci Within the 
cience-of-Team-Science Field 

he science-of-team-science field encompasses an amal
am of conceptual frameworks and methodologies that 
ave been used in earlier studies to assess the processes 
nd outcomes of cross-disciplinary research centers and 
eams. The findings from these studies are part of a 
apidly growing database within the science-of-team
cience field.2,3,8,10,31,32,38,74 – 80 Common themes that 
ffer a basis for integrating prior and future studies 
f team science initiatives are beginning to emerge, 
ut the field still lacks the conceptual coherence of a 
ore established and widely recognized scientific 

aradigm.27,39,66 Greater scientific coherence may be 
chieved as science-of-team-science scholars reach 
urther agreement about the field’s major concep
ual, methodologic, and translational concerns. Sev
ral substantive concerns and challenges within the 
cience-of-team-science field are outlined below. 

onceptual Concerns 

cholars in the science-of-team-science field have given 
onsiderable attention to at least two broad categories 
f conceptual tasks: (1) defining key terminology and 
2) developing theoretical models to account for the 
ircumstances under which team science initiatives are 
ore or less effective. 

efining key terms. It is important to clearly define the 
ajor units of analysis and the core subject matter of 

he science-of-team-science field (e.g., organizational 
omplexity and geographic scope of team science 
nitiatives; different forms of cross-disciplinary re
earch, including multidisciplinary, interdisciplinary, 
nd transdisciplinary collaboration).8,58 A major chal
enge is to specify the dimensions of program effective
ess or success as they pertain to team science initia

ives. For instance, the quality of scientific work may be 
efined differently in the context of interdisciplinary 
nd transdisciplinary team initiatives than in unidisci
linary projects. Traditional criteria of scientific qual

ty include conceptual originality; methodologic 
igor (e.g., validity and reliability of empirical find
ngs); and the quantity of research outputs produced, 
uch as peer-reviewed publications. In the context of 

eam science initiatives, however, the quality and h

80 American Journal of Preventive Medicine, Volume 35, Num
cope of interdisciplinary and transdisciplinary inte
ration (e.g., the development of integrative concep
ualizations and methodologic approaches, the devel
pment of training programs bridging two or more 
elds, the emergence of new hybrid fields of inquiry) 
re important facets of collaborative scholarship that 
ust be considered in view of their explicit mission 

o promote scientific integration.14,27,31,37 

Also, because the scientific, educational, and transla
ional aims of team science initiatives are highly diverse, 
t is crucial to identify the highest-priority goals and 
orresponding criteria of success for any given pro
ram.27,36 The overall success of large-scale initiatives 
e.g., the NCI TTURC, CECCR, TREC, and CPHHD 
rograms) may be construed differently than the effec
iveness of the particular research centers and projects 
ubsumed within them.9,78 For instance, the cumulative 
cientific and public health advances associated with 
arge-scale initiatives are qualitatively distinct from the 

ore circumscribed intellectual achievements of a par
icular research center or team. For both broad-gauged 
nitiatives and their subsidiary projects, key dimensions 
f program effectiveness (e.g., development of transdis
iplinary syntheses, publication of empirical findings, 
ranslations of research into clinical practices and pol
cy innovations) are likely to shift as team members 
rogress through the initial, intermediate, and later 
tages of collaboration.6,31,36 Collaborative processes and 
utcomes appear to be stage-dependent, and therefore 
hould be defined differently for near-, mid-, and longer-
erm phases of team science programs. 

Finally, for many team science initiatives, it is 
mportant to define not only the distinguishing fea
ures of effective scientific collaboration but also the 
ssential facets of successful interdisciplinary and 
ransdisciplinary training (e.g., the career trajecto
ies and intellectual contributions of current and 
ormer trainees).37,62,81– 83 

eveloping theoretical models and conceptual frame
orks. To date, a number of conceptual models have 
een proposed by science-of-team-science scholars to 

dentify key antecedent conditions, intervening pro
esses, and outcomes associated with team science 
nitiatives and to explain the interrelationships 
mong them (e.g., the presence of institutional sup
orts or constraints at the beginning of an initiative 
nd their impact on subsequent collaborative pro

outcomes).6,8,55,75,84esses and For instance, Tro
him and colleagues6 offered an empirically derived 
ogic model (based on the NCI TTURC initiative-wide 
valuation study) that accounts for the temporal links 
bserved between the early processes of intellectual 
ollaboration and integration, on the one hand, and 
ubsequent team products—including scholarly publi
ations, transdisciplinary training programs, community 

ealth interventions, and public-policy initiatives—on the 
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ther; and in this supplement, Holmes et al.34 and Hall et 
l.40 present multistage conceptual frameworks that have 
uided transdisciplinary research, training, and commu
ity intervention efforts within the NCI CPHHD and 
REC initiatives, respectively. 
Earlier, Stokols and colleagues31,76 proposed an 

ntecedent–process–outcome model of transdisci
linary science in which several interpersonal, environ
ental, and organizational antecedents of collabora

ion are considered, such as the leadership styles of 
enter directors, scientists’ commitment to team re
earch, the availability of shared research and meeting 
pace, electronic connectivity among team members, 
nd the extent to which they share a history of working 
ogether on prior projects. The intervening processes 
xamined in this model included intellectual, interper
onal, and affective experiences as well as observed or 
elf-reported collaborative behaviors, or both. Examples 
f these processes are the brainstorming of strategies to 
reate and integrate new ideas, to deal with the cross-
isciplinary biases and tensions that often arise in collab
rative situations, and to negotiate and resolve conflicts. 
he antecedent and process variables specified in the 
odel, in turn, influence several near-, mid-, and 

ong-term outcomes of scientific collaboration, includ
ng the development of new conceptual frameworks, 
esearch publications, training programs, and transla
ional innovations over the course of the initiative. 
mpirical support for the hypothesized links among 
ntecedent, process, and outcome variables was derived 
rom a longitudinal (5-year) comparative study of the 
TURC centers.31,62,75,77 

Existing models of interdisciplinary and transdisci
linary collaboration raise several questions for future 
esearch. For example, certain antecedent conditions 
resent at the outset of a team science project can be 
onceptualized as collaboration-readiness factors that 
ointly influence a team’s prospects for success over the 
ourse of an initiative.36,40,75 However, the relative 
ontributions of individual collaboration-readiness fac
ors (e.g., the leadership skills of center directors, the 
vailability of shared office and laboratory space, team 
embers’ experiences working together on earlier 

rojects) to specific dimensions of collaborative effec
iveness (e.g., the quantity of team publications pro
uced as well as their integrative quality and scope, the 
evelopment of sustainable partnerships with commu
ity organizations) are not well-understood and war
ant further study.39 

Also, earlier conceptual models and the field studies 
n which they are based suggest that the intellectual 
nd scientific outcomes of team science initiatives are 
trongly influenced by social and interpersonal pro
esses, including team members’ collaborative styles 
nd behaviors, interpersonal conflicts, and negotiation 
trategies.6,27,75,85 Yet the precise ways in which these 

ocial processes influence scientific productivity and e

ugust 2008 
ransdisciplinary integration are not known. For in
tance, team members’ disagreements about scientific 
ssues may enhance collaborative effectiveness by stim
lating new insights and countering tendencies toward 
groupthink” among individuals who have worked to
ether for extended periods.86 On the other hand, 
ong-standing scholarly disagreements that provoke in
erpersonal conflict can undermine members’ trust of 
ach other and their overall performance.87,88 The 
mpirical relationships between the interpersonal and 
ntellectual dimensions of scientific collaboration re

ain to be elucidated in future studies. 

ethodologic and Measurement Issues 

 variety of methods and measures have been used to 
ssess the antecedents, processes, and outcomes of 
eam science initiatives. The most useful or strategic are 
hose that efficiently apply evaluation resources to yield 
nformation about the major contributions and limita
ions of particular programs in a manner that is respon
ive to the needs of multiple stakeholder groups, in
luding participating scientists and trainees, funding 
rganizations, policymakers, and translational partners 

n clinical settings and community organizations.9 Eval
ations of team science programs are embedded within 
verlapping spheres of influence encompassing organi
ational, institutional, community, regional, national, 
nd global levels, with multiple stakeholders situated at 
ach level.29,41,42,89 Strategic evaluations incorporate 
he diverse perspectives of team science interest groups 
nd adopt some or all of the methodologic strategies 
entioned below. 

eighted measures of program success. Strategic eval
ations begin with a clear vision of what constitutes 
uccess within a particular initiative. For example, NCI 
esearch and training center initiatives (TTURC, 
ECCR, CPHHD, TREC) include multiple goals and 
bjectives, ranging from the achievement of: (1) scien
ific advances in a targeted area of research (e.g., 
ancer communications or tobacco-use research) re
ulting from collaborative synergies within and across 
articipating research centers; (2) innovative ap
roaches to and intended outcomes of transdisciplinary 
esearch training; (3) translations of scientific research 
nto useful and sustainable clinical practices and com

unity health programs; (4) translations of scientific 
esearch into innovative health-policy initiatives; and, 
ltimately; (5) reductions in health-risk behaviors, 
ealth disparities, and the incidence of chronic diseases 
ithin a particular population.9 The relative priorities 
ssigned to these goals may vary from one initiative to 
nother. Thus, evaluations of team science initiatives 
re most strategic when the criteria for judging pro
ram effectiveness are selected and weighted to reflect 
he highest-priority goals of the particular programs 

stablished by funding agencies and other stakeholder 
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roups (e.g., participating scientists, community mem
ers, and [in the U.S.] the DHHS and Congressional 
versight committees).29 

ultimethod evaluation. The diversity of goals encom
assed by team science initiatives requires the use of 
ultiple quantitative and qualitative methods to mea

ure their intended processes and outcomes as well as 
o document their unintended ones. The methods used 

ay include surveys and interviews of team members; 
ehavioral observations of centerwide and initiative-
ide meetings and collaborative discussions; archival 
nalyses of scientific productivity and impact based on 
ontent analyses of written products developed by team 
embers and bibliometric assessments of initiative-

ased publications; focus-group meetings among scien
ists, trainees, and staff members participating in an 
nitiative; online diary logs of cross-disciplinary encoun
ers; social-network analyses of collaborative exchanges; 
nd peer reviews by external referees obtained through 
eriodic site visits and independent evaluations of 
rogress reports and collaborative publications. The 
ombined use of survey, interview, observational, and 
rchival measures in evaluations of team science initia
ives affords a more complete understanding of collab
rative processes and outcomes than can be gained by 
dopting a narrower methodologic approach.6,40,83 

emporal sequencing of evaluative measures. In addi
ion to establishing prioritized criteria for gauging the 
cientific, training, translational, and public health 
utcomes of an initiative, attention should be paid to 
he temporal patterning of evaluation measurements, 
anging from assessments of antecedent conditions 
resent at the outset of a collaborative project to 
arly-stage indicators of collaborative synergy and inno
ation, mid-term markers of scientific and training 
nnovations, and long-term societal (e.g., policy and 
ublic health) outcomes.90 The latter categories of 
utcomes may be so gradual or temporally lagged that 
hey are not detectable during the period in which an 
nitiative is actively funded.32 Future studies should be 
ndertaken to assess the postfunding impacts of team 
cience initiatives on science, training, and public 
ealth over extended periods (e.g., encompassing one 
r more decades).39 

esearch design and sampling issues. Team science 
nitiatives pose several challenges related to the sam
ling of participants and respondents, the establish
ent of appropriate comparison groups with which to 

ompare initiative-based research centers and teams, 
nd the implementation of field experimental or quasi-
xperimental research designs. Experimental and quasi-
xperimental evaluations of team science initiatives are 
ifficult to achieve due to the nonrandom self-selection 

f scientists into collaborative teams. Appropriate com b

82 American Journal of Preventive Medicine, Volume 35, Num
arison groups may involve teams of scientists working 
n a particular area of health research (e.g., tobacco 
cience, cancer communications) that applied for a 
eam–center grant and received “nearly fundable” eval
ation scores but were not among those applicants 

unded to establish a transdisciplinary research pro
ram. Prospective evaluations of team science initiatives 
equire sufficient numbers of initiative-based research 
eams and relevant comparison groups, all of which are 
orking in a common research area over the same 
ultiyear period. 
To date, the science-of-team-science field has relied 

lmost exclusively on retrospective and prospective 
ase-comparison studies rather than on experimental 
r quasi-experimental evaluations of research teams, 
enters, and the multisite initiatives in which they 
articipate. However, longitudinal bibliometric and 
ocial-network analyses incorporating multiple compar
son groups are currently being implemented at NCI to 
valuate the quantitative and qualitative differences in 
he productivity of health scientists (e.g., tobacco-use 
esearchers) who are working individually on R01 
rants, participating in non-initiative–based research 
enters, or collaborating as members of transdisci
linary team science initiatives. The increasing use of 
uasi-experimental research designs incorporating 
ultiple comparison groups is an important direc

ion for the science-of-team-science field.39 

onvergent validation of evaluation data. Regardless 
f the research designs used to assess program effec
iveness, the convergent validation of empirical data is 
n important benchmark of strategic evaluation. When 
valuations of team science initiatives are conducted, 
he survey and interview assessments of program out
omes offered by participating scientists, trainees, and 
taff members should be supplemented with peer ap
raisals provided by external reviewers and consultants. 
dditional challenges inherent in peer reviews of team 

cience initiatives are discussed by Klein in this supple
ent27 and by Laudel.54 

ranslational Strategies 

ithin the science-of-team-science field, translational 
trategies can be grouped into two general categories: 
1) the use of research findings from team science 
nitiatives as a basis for developing improved clinical 
ractices, disease-prevention strategies, and public 
ealth policies; and (2) the use of research findings 

rom the evaluations of team science initiatives as a 
asis for enhancing the effectiveness of future collabo
ative research and training programs. Examples of 
hese two kinds of translational research are outlined 

elow. 

ber 2S www.ajpm-online.net 
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ranslating research findings from team science initia
ives into clinical and preventive practices. The NCI 
POREs and the CPHHD initiative emphasize trans
ational research in which scientific findings are used 
o improve the prevention, detection, diagnosis, 
reatment— or all of these— of human cancer and to 
educe health disparities in medically underserved 
opulations.34,63,64 Similarly, utilizing research evi
ence for the improvement of healthcare delivery is 
 core goal of the NCRR CTSCs.13 The scientific 
iscovery processes associated with team science ini
iatives are the initial phase of a transdisciplinary 
ction–research cycle in which team science investi
ators work closely with community health practitio
ers and policymakers to translate their findings into 

mproved therapeutic and preventive practices.55 

ommunity-based coalitions consisting of health sci
ntists and practitioners and intersectoral partner
hips between public and private organizations pro
ide the collaborative contexts in which research 
ndings produced by scientific teams are eventually 

ranslated into practical applications.3,43,91 Examples 
f university– community partnerships that have pro
uced effective and sustainable translations of cancer 
esearch findings into community health promotion 
nd disease-prevention strategies are described by 
mmons et al.44 

ranslating research findings from team science evalu
tion studies to enhance future initiatives. This second 
ategory of translational research applies the findings 
rom team science evaluation studies to improve the 
esign and effectiveness of ongoing and future collab
rative research and training programs. In the case of 
ngoing initiatives, formative evaluation strategies can 
e used for continuous quality improvement by provid

ng team science participants with regular (e.g., quar
erly, annual) feedback about their collaborative pro
esses and outcomes.31,92,93 When future team science 
nitiatives are designed, collaboration readiness audits 
ased on the findings from the evaluations of prior 
eam science programs can be administered to assess a 
eam’s prospects for collaborative success and to iden
ify opportunities for strengthening institutional and 
nvironmental supports for cross-disciplinary research 
nd training.75 Also, workshops and training modules 
an be implemented to familiarize researchers and 
rainees with the challenges inherent in team-based 
rojects and the steps they can take to improve their 
hances for success. These translational strategies con
ribute toward building greater capacity for scientific 
ollaboration in team science initiatives.40 

Earlier research on team performance suggests that 
he structural complexity of team science initiatives is 
losely related to the collaborative challenges and co
rdination constraints encountered by team mem

ers.36 Collaborative research and training programs m

ugust 2008 
hat span multiple organizations, geographic sites, sci
ntific disciplines, and levels of analysis may require 
reater institutional and organizational investments in 
ollaboration-readiness resources to ensure program
atic success than those that are less complex.55 The 

mpirical links among program complexity; collabora
ion readiness; and cumulative research, training, and 
ranslational outcomes of team science initiatives 
hould be examined in future studies. 

oals and Organization of This Supplement on the 
cience of Team Science 

he present supplement is based on the proceedings of 
he NCI Conference on the Science of Team Science 
eld in Bethesda MD during October 2006, cospon
ored by the NCI, the NIH OBSSR, and the American 
sychological Association.33 The purposes of the NCI 
onference were to address ambiguities and gaps in the 
cience-of-team-science literature, promote greater in
egration of knowledge in this field, and identify key 
ssues for future investigation. As a prelude to this 
vent, the NCI convened a group of science-of-team
cience scholars in October 2005 to assess the state of 
he knowledge in the field, identify the most pressing 
uestions for future study, and articulate major goals 
nd strategies for the 2006 conference. The intent of 
he planning meeting was to build on and go beyond 
he issues addressed in earlier scholarly discussions 
f the implementation and evaluation of large-scale, 
ross-disciplinary science and training programs (e.g., 
ational Academy of Sciences [NAS] Convocation on 
acilitating Interdisciplinary Research; NAS Confer
nce on Bridging Disciplines in the Brain, Behavioral, 
nd Clinical Sciences; National Research Council Con
erence on Interdisciplinary Research; NIH Bioengi
eering Consortium Symposium on Catalyzing Team 
cience).5,21,94,95 In particular, participants were asked 
o identify cutting-edge issues and themes that had 
eceived relatively little attention in prior meetings and 
esearch and to draft an agenda of high-priority ques
ions for future study. 

During the day-long discussions at the 2005 plan
ing meeting, it was decided that the 2006 meeting 
ould incorporate structured panel sessions orga
ized around the conference themes; peer-reviewed 
oster presentations; opportunities for informal discus
ion; and a series of commissioned papers to address 
igh-priority research, training, and translational ques

ions for future investigation.33 The commissioned pa
ers were intended to integrate existing knowledge in 

he science-of-team-science field and to open new ave
ues of research on a variety of previously neglected 

opics. These high-priority topics for future research 
re addressed in the articles presented in this supple

ent and are outlined below. 
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eveloping Integrative Conceptualizations of 
eam Science Processes and Outcomes 

arlier conferences and publications revealed impor
ant facets of team-based science and training (e.g., 
nstitutional strategies for facilitating cross-disciplinary 
esearch, metrics for evaluating collaborative processes 
nd outcomes), but the findings from science-of-team
cience studies remain relatively disjointed and lack 
heoretical grounding and interpretation. Some re
earch reports go relatively unnoticed as chapters in 
dited volumes published in several different countries or 
s reports posted on websites that remain unknown to 
any science-of-team-science scholars. Sorely needed are 
ew conceptualizations of the science-of-team-science 
eld that are informed by an international perspective 
nd by integrative frameworks for organizing and inter
reting the findings from prior studies. Klein’s article27 

ddresses these needs by offering an integrative approach 
o the evaluation of interdisciplinary and transdisciplinary 
ollaboration—organized around seven core principles 
r themes—and an integrative assessment of empirical 
nowledge in this field, viewed from an international 
erspective. Additionally, the present article and the ones 
y Kessel and Rosenfield,38 Croyle,9 and Syme35 in this 
upplement provide overviews of the science-of-team
cience field in terms of its major research, training, and 
ranslational concerns, and identify for future investiga
ion several topics that have received little attention in 
rior studies. 

mplementing Team Science Initiatives 
electively and Strategically 

arlier studies10,31,36,55 suggest that cross-disciplinary 
eam research centers and programs are not uniformly 
uccessful. In some situations, smaller-scale unidisci
linary projects may be more feasible and likely to 
ucceed than larger, team-based initiatives. Also, cer
ain research questions may be more amenable than 
thers to interdisciplinary and transdisciplinary ap
roaches. Thus, cross-disciplinary collaboration should 
e viewed as a means for achieving the desired scien
ific, training, and translational goals rather than as an 
nd in and of itself. That is, investments in team-based 
nitiatives should be reserved for those settings and 
esearch topics that are most suited to and would 
enefit most from collaborative approaches. An impor
ant goal for science-of-team-science research is to facili
ate “smarter” science, in which particular approaches 
e.g., single-investigator versus team-based projects; uni
isciplinary versus multidisciplinary, interdisciplinary, or 

ransdisciplinary initiatives) are closely matched to the 
nique talents and predilections of the participating 
cientists, the institutional contexts in which they work, 

nd particular research topics and fields (some of which a

84 American Journal of Preventive Medicine, Volume 35, Num
ay be more amenable to cross-disciplinary integration 
han others, as noted by Hays45). 

Yet conceptual frameworks that enable researchers 
nd their host organizations to forecast when and 
here team science initiatives will be more or less 
ffective have been lacking. Accordingly, the ecology of 
eam science by Stokols and colleagues36 in this supple

ent is intended to provide an integrative typology of 
ontextual factors that have been found to jointly 
nfluence collaborative effectiveness across a variety of 
esearch and community settings. The typology is based 
n a review of empirical findings from the fields of 
ocial psychology, organizational behavior, information 
cience, community health promotion, and team sci
nce evaluation. It offers a conceptual starting point for 
eveloping more fine-grained analyses of high-leverage 
ariables (i.e., those that most strongly determine the 
uccess of team-based initiatives). Examples of contex
ual factors that appear to be especially strong determi
ants of collaborative effectiveness in research settings 
re discussed below. 

he Impact of Interpersonal Processes and 
eadership Styles on Scientific Collaboration 

rior evaluations of team science initiatives suggest that 
he social organization of research teams strongly influ
nces their capacity to achieve scientific or intellectual 
ntegration.6,27,36,75 Several interpersonal processes 

ay directly influence collaborative effectiveness in 
esearch settings. To the extent that team members 
ave worked together previously and share a strong 
ommitment to scientific collaboration, they may be 
etter able to coordinate their efforts and accomplish 
heir research, training, and translational goals in sub
equent team science projects.31,40,76 On the other 
and, interpersonal conflicts among team members 
especially those persisting over long periods) under
ine mutual trust and hinder collaborative processes 

nd outcomes.10,85,88,96 Among the factors that most 
trongly influence the quality of social interactions in 
ollaborative settings are the abilities and styles of team 
eaders. Although the links between leadership and 
ollaborative effectiveness have been studied exten
ively in nonscientific settings,97–100 they have received 
elatively little attention in the science-of-team-science 
eld. This gap in science-of-team-science knowledge is 
irectly addressed in the supplement article by Gray,46 

ho offers an empirically based conceptualization of 
hree types of leadership tasks that promote transdisci
linary collaboration among leaders of scientific teams. 
er analysis of the ways in which leadership styles and 

bilities influence scientific collaboration provides a con
eptual foundation for future research on this topic. 

Another important facet of scientific collaboration 
re the social networks that exist among researchers 

nd the ways in which they influence patterns of 

ber 2S www.ajpm-online.net 
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ommunication and cross-disciplinary integration. The 
rticle by Provan and colleagues42 summarizes an em
irical study of social networks among scientists work

ng in the field of tobacco harm reduction. Communi
ations among participating tobacco harm–reduction 
cientists from multiple fields that involve only ex
hanges of information are considered interdiscipli
ary, whereas those that lead to the creation of syner
istic products (e.g., multi-authored publications) are 
efined as transdisciplinary. The analyses of network 
ata provided by Provan et al. reveal that homophily, or 

he tendency to interact with others whose back
rounds are similar to a person’s own (evidenced by 
ntradisciplinary network ties), is more prevalent than 
eterophily (defined as cross-disciplinary communica

ions among network members). Moreover, nonsyner
istic interdisciplinary interactions are much more 
ommon than transdisciplinary transactions that result 
n collaborative research outcomes. These data, along 
ith the findings from earlier research, highlight scien

ists’ strong tendencies to affiliate with colleagues whose 
isciplinary perspectives are similar to their own, and the 
eed to better understand the circumstances under which 
cientists achieve and sustain cross-disciplinary collabora
ion and integration.75,101 

eveloping Cyber-Infrastructures to Support 
cientific Collaboration 

nterpersonal processes (e.g., communication net
orks, conflict-resolution strategies, leadership styles) 
re contextual factors that directly influence a team’s 
eadiness for collaboration at the outset of a project 
nd their capacity to work together effectively over 
xtended periods. Additional determinants of collabo
ative capacity and long-term success are the techno
ogic resources (e.g., intranet and Internet connec
ivity, grid computing infrastructures, data-mining 
trategies) that enable team members to communicate 
nd integrate diverse sets of data effectively over the 
ourse of a team science project.102 These facets of 
echnologic infrastructure and expertise and their in
uence on scientific collaboration have received atten

ion in the fields of information science and organiza
ional behavior, but warrant further investigation in the 
ontext of team science research and training pro
rams.36 The ways in which cyber-infrastructures can 
upport successful scientific collaboration spanning 
ultiple disciplines and research sites, and an agenda 

f related questions for future science-of-team-science 
tudies, are discussed by Hesse in this supplement.47 

onceptualizing and Measuring Distinctive 
eatures of Cross-Disciplinary Training 

n the one hand, distinctions among multidisci

linary, interdisciplinary, and transdisciplinary forms s

ugust 2008 
f cross-disciplinary (versus unidisciplinary) research 
ave received considerable attention among science
f-team-science scholars. On the other hand, these 
ame distinctions, as they relate to strategies of 
ross-disciplinary training, have been relatively ne
lected.62,82,83 Nash’s article37 in this supplement 
onfronts current gaps in the understanding of cross-
isciplinary education by offering a broad conceptualiza

ion of multidisciplinary, interdisciplinary, and transdisci
linary training and their respective goals. Compared to 
ultidisciplinary and interdisciplinary approaches, 

ransdisciplinary training is uniquely defined by its 
ntention to produce scholars who synthesize theo
etical and methodologic perspectives spanning mul
iple disciplines and analytic levels. Nash distinguishes 
mong different forms of transdisciplinary training, 
ncluding single-mentor and team-mentoring appren
iceship models, and transdisciplinary training pro
rams that are either broad or narrow in their analytic 
cope (e.g., in which trainees learn to integrate the 
erspectives of disciplines sharing the same or widely 
ifferent levels of analysis). Nash also outlines intrap
rsonal, interpersonal, and systems-level constraints 
n—as well as facilitators of—transdisciplinary training 
rocesses and outcomes. Finally, his analysis highlights 
he importance of developing new methods and met
ics for evaluating transdisciplinary training, and sug
ests new directions for research in this area. 

ranslating Team Science into Effective Clinical, 
ommunity Health, and Policy Initiatives 

any large-scale team science initiatives are designed 
o foster translations of scientific knowledge into im
roved clinical practices, community health outcomes, 
nd public policies (e.g., statewide taxation of cigarette 
ales).13,63,64 However, the processes by which scientific 
vidence from team science initiatives is incorporated 
nto clinical and community-based programs for health 
mprovement are not well understood.3 A useful start
ng point for the development of community-based 
ealth initiatives is the transdisciplinary integration of 
esearch findings on a particular topic drawn from 
ultiple fields and levels of analysis. For instance, Hiatt 

nd Breen’s article19 in this supplement offers a broad-
auged transdisciplinary synthesis of research evidence 
ocumenting the role of social factors in cancer etiol
gy and the ways in which social, behavioral, psycho

ogical, and biologic variables as well as the healthcare 
ystem jointly influence cancer incidence, survival, and 
ortality rates. Hiatt and Breen’s analysis provides 

onceptual grounding for developing more compre
ensive strategies of cancer prevention and control 

han have been available in the past. 
Emmons and colleagues44 describe several cases in 

hich the scientific findings obtained through team 

cience initiatives at a university-based cancer center 
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ere translated into novel health-communication pro
rams for disease prevention. Examples of these trans
ational initiatives are the Harvard Colorectal Cancer 
isk Assessment and Communication Tool for Re

earch and two public Internet sites, Your Cancer Risk 
nd Your Disease Risk.103 Emmons and colleagues note 
hat the features and functionality of these award-
inning websites were influenced by transdisciplinary 
ollaboration among scholars from several different 
elds. They also describe other translational programs 
esigned collaboratively with non-university partners 
hrough community-based participatory research strat
gies,104 including the Massachusetts Community Net
ork for Cancer Education, Research, and Training. 
aken together, the supplement articles by Hiatt and 
reen19 and Emmons et al.44 highlight the value of 

ransdisciplinary research findings and conceptual 
rameworks as a basis for developing novel and sustain
ble interventions for disease prevention. 

mproving the Transfer of Knowledge Across 
eam Science Initiatives and Evaluation Studies 

nother type of translational challenge facing the 
cience-of-team-science field is to improve the transfer 
f knowledge across multiple initiatives and evaluation 
tudies. Too often, the lessons learned over the course 
f an initiative are not effectively communicated or 
ransferred to other research organizations and scien
ists who are contemplating or already engaged in 
ubsequent team science programs.6,9,75 Investments in 
eam science evaluation studies become more cost 
ffective and strategic to the extent that their concep
ual integrations, empirical findings, methodologic 
ools, and translational innovations are made available 
o current or prospective members of other initiatives. 
iatt and Breen’s analysis19 of social factors in disease 

tiology exemplifies a conceptual tool that can be used 
o guide future research, training, and translation 
nitiatives in the field of cancer control. Similarly, 

olmes and colleagues34 summarize several method
logic lessons learned through their multilevel analyses of 
ealth disparities that can be of benefit to participants in 

uture transdisciplinary team science initiatives. 
Similarly, new methods and metrics for gauging the 

ffectiveness of a particular team science program can 
e used later to guide the design and evaluation of 
ther team initiatives once their reliability and validity 
ave been established. The development of new meth
ds for evaluating team science is the focus of two 
dditional articles in this supplement. Hall and col
eagues40 present initial findings from the 2006 NCI 
REC Year-One evaluation study in which a new online 

urvey protocol was developed to assess the levels of 
nstitutional and interpersonal readiness for transdisci
linary collaboration during the early stages of a 5-year 
nitiative. Empirical links among several dimensions of d

86 American Journal of Preventive Medicine, Volume 35, Num
ollaborative readiness, including the availability of 
hared research facilities; investigators’ history of work
ng together on prior projects; and their endorsement 
f unidisciplinary, multidisciplinary, interdisciplinary, 
nd transdisciplinary research perspectives, were exam
ned in this study. Also, Mâsse and colleagues48 summa
ize new analyses of survey data obtained from tobacco 
cientists participating in the first 5-year phase of the 
CI TTURC initiative. The survey measures and the 
ndings from this study—conducted as part of the NCI 
valuation of large initiatives (ELI)6,31—exemplify new 
ools for assessing the impact of interpersonal processes 
e.g., collaborative experiences and behaviors) on sci
ntific integration and productivity. These methods 
nd metrics are potentially applicable to the evalua
ions of other initiatives. 

Finally, Kessel and Rosenfield38 provide a broad 
eview of earlier transdisciplinary research, training, 
nd translational programs as a basis for identifying 
nsights and guidelines that can be used to improve the 
esign and evaluation of future initiatives. Their find

ngs are directly relevant to the goal of enhancing the 
ransfer of knowledge from prior team science initia
ives and evaluation studies to subsequent ones. 

nderstanding the Systemic Contexts of Team 
cience Initiatives and Their Evaluation 

nother relatively neglected topic within the science
f-team-science field is the influence of systemic factors 
e.g., institutional supports for interdisciplinary and 
ransdisciplinary collaboration, public and private in
estments in large-scale research initiatives, societal 
oncerns about the accountability of scientific re
earch) on the design, functioning, and evaluation of 
eam science initiatives.29,42,89 These issues are ad
ressed in several of the supplement articles. Leischow 
nd colleagues41 present an overview of systems theory 
nd the ways in which systems thinking can be used to 
romote public health. A key principle of systems 
heory is that socio-technical systems (e.g., team science 
esearch initiatives) are embedded within broader sys
emic units (e.g., the Division of Cancer Control and 
opulation Sciences [DCCPS] of NCI) that administer 
everal large initiatives that in turn are nested within 
arger entities and spheres of influence (e.g., the 
IH).105,106 An advantage of systems thinking is that it 

eveals the interdependencies among systemic units 
hat operate at these different levels. 

For instance, Croyle9 describes four large-scale trans-
isciplinary research and training initiatives (TTURC, 
ECCR, CPHHD, TREC) that are directed by DCCPS 
ithin NCI. Because DCCPS serves as the coordinating 
nit for these programs, lessons learned from the 
valuations of the first initiatives to be implemented 
TTURC and CECCR) have been incorporated into the 

esign of subsequent programs (CPHHD and TREC). 

ber 2S www.ajpm-online.net 
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his transfer of knowledge among several large-scale 
nitiatives has the potential advantage of enhancing the 
ost effectiveness of DCCPS’s and NCI’s investments in 
ransdisciplinary science and training programs. 

At a broader institutional level, the article by Hays45 

n this supplement (and the papers presented by Far
er107 and Kington11 at the 2006 NCI conference on 
he science of team science) describe the NIH Road-

ap and OPASI initiatives, both of which are intended 
o promote greater integration among the disciplines 
epresented within the various institutes that constitute 
IH. The design and mission of these initiatives have 
een informed not only by health research and the 
ssessments of the scientific readiness45 of particular 
elds for transdisciplinary integration, but also by soci
tal concerns about public health and the accountabil
ty of science to society as a whole.9,14 Both the Road-

ap and OPASI initiatives encompass several other 
nterrelated team science research and training programs, 
oordinated by multiple institutes at NIH, whose goals are 
losely aligned with the Roadmap initiative’s emphasis on 
ransdisciplinary scientific integration, training, and trans
ation (e.g., the ambitious Clinical Translational Science 
wards initiative).13,29,74 The Roadmap and OPASI initi
tives thus provide a strategic framework and mission for 
rganizing several subsidiary team-based programs. 
Also within the context of the NIH, Mabry and 

olleagues49 describe the strategic mission and cross-
isciplinary initiatives supported by OBSSR. Systems 
rinciples drawn from the fields of social ecology, 
opulomics, and informatics have been integrated with 
he biomedical concerns of the Human Genome 
roject and incorporated into the various programs 
dministered by OBSSR.16,108 –111 The broad biopsycho
ocial and ecologic vision reflected in OBSSR’s strategic 
lan exemplifies an application of systems thinking to 
roaden the conceptual scope, the positive health 

mpacts, and the cost effectiveness of large-scale trans-
isciplinary initiatives. 
Federal funding agencies such as the NIH are but 

ne of several potential contributors to the develop
ent of transdisciplinary health science and the im

rovement of public health outcomes. Shen’s article43 

n this supplement calls for the establishment of cross
ectoral team science, and underscores the importance 
f forging new collaborative relationships among pri
ate corporations and foundations, public research 
gencies, and nongovernmental organizations for the 
urpose of funding and sustaining transdisciplinary 
ealth science and improving public health. This is 
n exciting and potentially fruitful direction for the 
cience-of-team-science field. 

The concluding article by Hall and colleagues39 

ecaps major themes reflected in the supplement and 
dentifies promising directions for future research or
anized around key programmatic challenges related 

o the refinement of science-of-team-science terminol

ugust 2008 
gy, conceptual frameworks, research methods, trans-
isciplinary training strategies, cross-sectoral partner
hips, and sustainable funding mechanisms. For 
nstance, it will be important in future science-of-team
cience research to more clearly conceptualize and 
easure the construct of readiness for collaboration. 
his concept has been defined variously in terms of 

ndividual and group research orientations,40,69 organi
ational and technologic resources that enhance capac
ty for collaboration,36,47,57 and the scientific readiness 
f different fields for collaborative integration.41,45 Yet, 
s Hall et al.39 observe, little is currently known about 
ow these different dimensions of collaborative readi
ess jointly influence the effectiveness of transdisci
linary initiatives. 

ummary 

he preceding discussion offers an overview of the 
cience-of-team-science field in terms of its major con
eptual, methodologic, and translational concerns. 
his field encompasses a wide array of research 
rojects and strategies aimed at better understand

ng, evaluating, and managing circumstances that 
nfluence the effectiveness of large-scale team sci
nce initiatives. Common themes are beginning to 
merge in the literature, but several gaps in the 
cience-of-team-science knowledge base remain to be 
ddressed in future studies. The 2006 NCI confer
nce on the science of team science and the present 
upplement were organized for the purposes of iden
ifying and analyzing several cutting-edge issues that 
ad received little or no attention in prior science
f-team-science meetings and publications. It is 
oped that the articles included in this supplement 
ill help to establish the foundation for achieving 
reater clarity and integration in science-of-team
cience research and for advancing the field’s scien
ific, training, and translational goals. 

his article is based on a paper presented at the NCI 
onference on The Science of Team Science: Assessing the 
alue of Transdisciplinary Research on October 30–31, 2006, 

n Bethesda MD. The authors gratefully acknowledge support 
or this manuscript provided by an IPA contract to Daniel 
tokols from the Office of the Director, DCCPS of the NCI; 
nd by Cancer Research Training Award fellowships to Kara 
. Hall and Brandie K. Taylor. 
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his paper. 
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hen the National Cancer Institute (NCI) was 
reorganized by former Director Richard 
Klausner, a new Division of Cancer Control 

nd Population Sciences (DCCPS) was established in 
he Fall of 1997. Under the leadership of Drs. Barbara 
imer and Robert Hiatt, the division rapidly set out to 
einvigorate the science of cancer control through the 
evelopment of new initiatives in surveillance, epidemi
logy, health services, behavioral, and cancer survivor
hip research. One important assumption underlying 
hese efforts was that the speed of scientific progress 
nd its effective application to public health problems 
ould depend on the integration of discipline-specific 
fforts and increased support for collaboration, evi
ence synthesis, and the science of dissemination.1 A 
ey strategy for achieving those goals was the develop
ent of new transdisciplinary team science research 

enters, focused on four problem domains that were 
een as critical barriers against effective cancer preven
ion and control: tobacco use, health disparities, obe
ity, and poor communication. Although these four 
nitiatives were housed within the new Behavioral Re
earch Program within DCCPS, it was clear from the 
utset that to effectively accomplish the program ob

ectives, both the centers projects and investigators 
ould need to span a wide range of disciplines, from 
olecular biology to policy studies. 
Soon after I moved to NCI in July of 1998 as the first 

ssociate Director for Behavioral Research in DCCPS, I 
ad the privilege of developing the Request for Applica

ions (RFA) for the first of the series of transdisciplinary 
cience initiatives. The Transdisciplinary Tobacco Use 
esearch Centers (TTURCs) were developed and funded 

n collaboration with the National Institute on Drug 
buse (with the support of Jay Turkkan and Alan Lesh
er) and the Robert Wood Johnson Foundation (with the 
upport of Nancy Kaufman and Tracy Orleans).2,3 It is 
mportant to remember that in the late 1990s, when this 

rom the Division of Cancer Control and Population Sciences, 
ational Cancer Institute, Bethesda, Maryland 
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f

ffort was launched, transdisciplinary was an unfamiliar 
erm in biomedical and behavioral research. The NIH 
oadmap had yet to be conceived. In fact, some members 
f NCI’s Board of Scientific Advisors disputed whether 

ransdisciplinary was a word at all! 
A lot has changed in the past decade. One scholar, 

oting the recent popularity of all things interdiscipli
ary or associated with interdisciplinarity in academia, 
omplained that “so powerful are the I-words that it is 
ifficult to oppose anything (including top-down allo
ation of resources) done in their names—and cynical 
peculations abound that a person or committee’s 
roclaimed commitment to them is strategic, not heart
elt.”4 But despite the skepticism, both universities and 
esearch funders have continued to invest in new 
rograms to grow interdisciplinary research. NCI 

aunched the Integrative Cancer Biology Program, 
tanford University initiated the Bio-X Program, and 
everal centers, training programs, and research 
rojects were funded through the Interdisciplinary 
esearch component of the NIH Roadmap initiative. 
ne of the most distinctive efforts supports not only a 
ewly constructed physical infrastructure, but also the 
cientific projects conducted there. The new Janelia 
arm facility in Virginia, funded by the Howard Hughes 
edical Institute, houses an interdisciplinary neurobi

logy center for high-risk, collaborative research.5 Jane
ia Farms is a grand experiment in a new way of doing 
cience, and many observers will be watching closely to 
ee the outcome. 

Two critical concerns emerged from these efforts: 
1) the relative merits of these investments versus 
raditional discipline-specific activities, and (2) how 
est to ensure their success. Funders and investigators 
like are asking: How do we evaluate interdisciplinary and 
ransdisciplinary team science? 

Once the TTURCs were launched, it immediately 
ecame clear that the NIH, including NCI, had no clear 
etrics for evaluating problem-focused centers initia

ives like the TTURCs. In addition, the specific goals of 
he TTURCs, which included the development of novel 
ransdisciplinary team science and training, were based 
n assumptions about how best to facilitate scientific 
rogress that had yet to be tested empirically. There
ore, it was clear that the TTURCs presented both a 
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hallenge to the science of evaluation and an opportu
ity to develop new evaluation methods by studying the 
rocess and outcomes of transdisciplinary science itself. 
The logical next step was to initiate an evaluation 
ethods development effort focused on the assessment 

f constructs, such as collaboration and transdiscipli
arity, that were deemed essential to the process of 
lanning and conducting transdisciplinary science. The 
LI (Evalution of Large Initiatives) Project, as we called 

t, was initially designed as an effort to specify, measure, 
nd understand the transdisciplinary science goals and 
rocesses within the TTURCs. However, at the very 
utset, we also conceived it as a pilot project for a 

onger-term effort to develop an evaluation toolkit for a 
ariety of large science initiatives. We asked Bill Tro
him of Cornell University to lead this initial effort, 
hich is described in a recent publication6 and in the 
asse et al.7 article in this supplement. 
From these early experiences, as well as the challenge 

f evaluating subsequent centers’ initiatives (e.g., Cen
ers for Population Health and Health Disparities, 
enters of Excellence in Cancer Communication Re

earch, Transdisciplinary Research in Energetics and 
ancer centers), it became clear that an expanded 
ffort focusing on the “science of team science” was 
erited. We asked Dan Stokols to lead this second 

hase of the ELI project, which included the evaluation 
f the Transdisciplinary Research in Energetics and 
ancer (TREC) centers, described by Hall et al.8 in this 

ssue, and the planning of the Science of Team Science 
onference that formed the basis of this supplement to 
he American Journal of Preventive Medicine.7–21 

uilding a Case for the Science of Team Science 

nderstandably, the consideration of new methods for 
valuating scientific initiatives to complement the tra
itional peer review, expert opinion model raises con
ern among investigators. Although improvements can 
lways be made, NIH’s peer review system has served as 
 model both within and outside of the U.S. But it is 
mportant to recognize that funders have fiduciary, 
trategic, and societal responsibilities that go well be
ond those that are shared by the individual investiga
or or scientific discipline. Federal agencies have to be 
ccountable to a broader and more diverse set of 
onstituencies for the productivity and impact of spon
ored research. At the same time, the credibility of the 
eer review process for biomedical and behavioral 
esearch may be diminished if scientists strenuously 
dvocate for the application of a scientific epistemology 
o their subjects but resist its application to themselves. 
o put it more bluntly, if we don’t develop methods to 
valuate our science, someone else will. Basic science is 
specially vulnerable, given the time lag until impact. 
s Gallagher22 has argued, “Blind implementation of 

alf-baked outcomes assessment by apparatchiks is the d

ugust 2008 
ightmare scenario. It could be the death of curiosity-
riven research and must be actively guarded against by 
cientists.” Our strategy for navigating these conflicting 
riorities has been to focus our evaluation development 
fforts not on the evaluation of individual studies or 
rants (appropriately, the domain of traditional peer 
eview) but on evaluation at a higher level, the level of 
arge initiatives that support a multidisciplinary group 
f grants or research networks. 
In addition to avoiding ill-informed evaluations by 

onscientists, there are at least four compelling reasons 
or accelerating our efforts to develop a science of team 
cience now. First, team science is here, and the trend 
s not limited to biomedical research. A massive study 
y Wuchty et al.23 of 19.9 million research articles and 
.1 million patent records associated with a wide range 
f disciplines showed steady growth in both the propor
ion of publications and patents by teams and the size 
f those teams. Second, concerns continue to be raised 
ithin the scientific community itself about the produc

ivity of science and the appropriate balance between 
arge-scale team science and traditional, individual-
nvestigator-initiated studies. The National Science 
oundation, for example, found that despite increases 

n funding, the overall number of publications by U.S. 
cientists remained flat.24 This may not be a bad thing, 
f, as the Wuchty et al. analysis indicated, investigators 
ho coalesce in teams are producing articles with 
reater impact. 
Third, there are well-established bodies of research, 

ncluding methods and theories, which have yet to be 
tilized in most studies of scientific initiatives. One 
eason is the existence of disciplinary silos, the very silos 
hat transdisciplinary team science seeks to penetrate. 

uch of this work comes from disciplines within the 
ocial and behavioral sciences (e.g., work on teams25 

nd leadership26), but, as the articles in this issue 
emonstrate, the humanities have much to contribute 
s well. A science of team science can build an empir
cal foundation to allow the experiences from one 
nitiative to inform another27 and produce conceptual 
rameworks for the integration of science across multi
le levels.28 In addition, it can lend objectivity to the 
valuation of processes such as collaboration through 
he development of quantitative indices, such as biblio

etric measures of collaboration.29 

A fourth argument in favor of building a science of 
eam science is the fundamental importance of train
ng. Education can and should be a science-based 
ctivity, but to inform modern team science, we need a 
etter understanding of how and when to initiate 

nterdisciplinary and transdisciplinary experiences. 
his complex and multifaceted issue can be studied 

ystematically at multiple levels. Sadler and Tai30 pro
ided one creative example of how debates concerning 
he sequencing of science courses and their cross-

isciplinary benefits (e.g., does a physics course help 

Am J Prev Med 2008;35(2S) S91 
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erformance in a later biology course) can be informed 
y careful educational research. They examined the 
elationship between high school math and science 
reparation and performance in college science 
ourses. They found no evidence to support cross-
isciplinary benefits of high school science courses 
e.g., taking high school physics did not improve per
ormance in college chemistry), but found strong evi
ence to support cross-disciplinary benefits of high 
chool calculus. In this issue, Nash13 explores transdis
iplinary training at the graduate and postdoctoral 
evels, suggesting strategies for overcoming the many 
arriers against success in this domain. 

ridging Team Science with Public Policy 

hat’s in store for transdisciplinary team science in the 
oming decade? As we continue to advance our ability 
o rigorously evaluate team science efforts, we also need 
o gradually but steadily expand the interface between 
arge-scale problem-solving in science and the develop

ent of public policy. Traditionally, the National Acad
mies have played an important role in this interface, 
ut only a small minority of the many reports issued by 
he Academy and Washington DC–area think tanks 
ttracts serious attention from policymakers. Congress 
s considering whether to revive its Office of Technol
gy Assessment, created in 1972 but defunded in 1995, 
o facilitate the utilization of science in legislation. 
nnovations and processes that increase the utilization 
f scientific evidence in policymaking are sorely needed, 
ut it remains to be seen whether scientists will step up to 
he plate in sufficient numbers. Too few scientists see it as 
heir responsibility to contribute to the science policy 
nterface. Clearly, funders can play a key role in enabling 
he participation of scientists in policy research, develop

ent and decision making. The Robert Wood Johnson 
oundation and the American Cancer Society, for exam
le, have supported projects with this focus, but profes
ional scientific associations and federal agencies could do 
ore to facilitate this interface. 
Some governments are experimenting with ambi

ious new strategies to enable the application of new 
nterdisciplinary knowledge from science and industry 
o complex societal problems. In the United Kingdom, 
or example, the Technology Foresight Program31 has 
aken on issues such as obesity, addiction, and crime 
revention, merging evidence synthesis with policy and 
udget development, followed by project impact assess
ents led by cabinet ministers. In the U.S., special 

ommissions, working groups, and tasks forces have 
een created on a range of topics, but these are rarely 
ccompanied by a sustainable implementation process 
hat outlives changes in political leadership. The op
ortunities and challenges in integrating transdisci
linary team science leaders and their discoveries with 

on-academic sectors were well-articulated by Neal 

1

92 American Journal of Preventive Medicine, Volume 35, Num
ane, a former Director of the National Science Foun
ation. His call to action substantiates our reason for 
upporting this special issue, the need to understand 
he processes by which large team science efforts can be 
uccessful not only in generating new knowledge, but 
lso in changing our strategies for disease prevention 
nd control: 

The successful application of new knowledge and 
breakthrough technologies, which are likely to 
occur with ever-increasing frequency, will require 
an entirely new interdisciplinary approach to poli
cymaking: one that operates in an agile problem-
solving environment and works effectively at the 
interface where science and technology meet 
business and public policy. It must be rooted in 
vastly improved understanding of people, organi
zations, cultures, and nations and be imple
mented by innovative strategies and new methods 
of communication. All of this can occur only by 
engaging the nation’s top social scientists, includ
ing policy experts, to work in collaboration with 
scientists and engineers from many fields and 
diverse institutions on multidisciplinary research 
efforts that address large but well-defined na
tional and global problems.32 

o financial disclosures were reported by the author of this 
aper. 

eferences 
1. Hiatt RA, Rimer BK. A new strategy for cancer control research. Cancer 

Epidemiol Biomarkers Prev 1999;8:955–6. 
2. Turkkan JS, Kaufman NJ, Rimer BK. Transdisciplinary tobacco use research 

centers: a model collaboration between public and private sectors. Nicotine 
Tob Res 2000;2:9–13. 

3. Morgan GD, Kobus K, Gerlach KK, et al. Facilitating transdisciplinary 
research: the experience of the transdisciplinary tobacco use research 
centers. Nicotine Tob Res 2003:5 Suppl 1:S11–9. 

4. Wasserstrom JN. Expanding the I-Word. Chronicle of Higher Education. 
Jan. 20, 2006:B5. 

5. Bhattacharjee Y. Neurobiology on the farm. Science 2006;314:1530–2. 
6. Trochim WM, Marcus SE, Masse LC, Moser RP, Weld PC. The evaluation of 

large research initiatives: a participatory integrative mixed-methods ap
proach. American Journal of Evaluation 2008;29:8–28. 

7. Mâsse	 LC, Moser RP, Stokols D, et al. Measuring collaboration and 
transdisciplinary integration in team science. Am J Prev Med 2008;35(2S): 
S151–S160. 

8. Hall KL, Stokols D, Moser RP,	 et al. The collaboration readiness of 
transdisciplinary research teams and centers: findings from the National 
Cancer Institute’s TREC year-one evaluation study. Am J Prev Med 2008; 
35(2S):S161–S172. 

9. Stokols D, Hall KL, Taylor BK, Moser RP. The science of team science: 
overview of the field and introduction to the supplement. Am J Prev Med 
2008;35(2S):S77–S89. 

0. Stokols D, Misra S, Moser RP, Hall KL, Taylor BK. The ecology of team 
science: understanding contextual influences on transdisciplinary collabo
ration. Am J Prev Med 2008;35(2S):S96–S115. 

1. Klein JT. Evaluation of interdisciplinary and transdisciplinary research: a 
literature review. Am J Prev Med 2008;35(2S):S116–S123. 

2. Gray B. Enhancing transdisciplinary research through collaborative lead
ership. Am J Prev Med 2008;35(2S):S124–S132. 
3. Nash JM. Transdisciplinary training: key components and prerequisites for 
success. Am J Prev Med 2008;35(2S):S133–S140. 

ber 2S www.ajpm-online.net 



1

1

1

1

1

1

2

2

2
2

2
2

2

2

2

2

3

3

A

4. Hiatt RA, Breen N. The social determinants of cancer: a challenge for 
transdisciplinary science. Am J Prev Med 2008;35(2S):S141–S150. 

5. Provan KG, Clark P, Huerta T. Transdisciplinarity among tobacco harm– 
reduction researchers: a network analytic approach. Am J Prev Med 
2008;35(2S):S173–S181. 

6. Holmes JH, Lehman A, Hade E, et al. Challenges for multilevel health 
disparities research in a transdisciplinary environment. Am J Prev Med 
2008;35(2S):S182–S192. 

7. Leischow SJ, Best A, Trochim WM, et al. Systems thinking to improve the 
public’s health. Am J Prev Med 2008;35(2S):S196–S203. 

8. Emmons KM, Viswanath K, Colditz GA. The role of transdisciplinary 
collaboration in translating and disseminating health research: lessons 
learned and exemplars of success. Am J Prev Med 2008;35(2S):S204–S210. 

9. Mabry PL, Olster DH, Morgan GD, Abrams D. Interdisciplinary and systems 
science to improve population health: a view from the NIH Office of 
Behavioral and Social Science Research. Am J Prev Med 2008;35(2S): 
S211–S224. 

0. Kessel FS, Rosenfield PL. Toward transdisciplinary research: historical and 
contemporary perspectives. Am J Prev Med 2008;35(2S):S225–S234. 

1. Hall KL, Feng AX, Moser RP, Stokols D, Taylor BK. Moving the science of 

team science
2008;35(2S):S

ugust 2008	 
2. Gallagher R. Basic research: it’s worth it. The Scientist 2005;19:6. 
3. Wuchty S, Jones BF, Uzzi B. The increasing dominance of	 teams in 

production of knowledge. Science 2007;316:1036 –8. 
4. Mervis J. U.S. output flattens, and NSF wonders why. Science 2007;317:582. 
5. Kozlowski SWJ, Ilgen DR. Enhancing the effectiveness of work groups and 

teams. Psychological Science 2006;7:77–124. 
6. Sternberg RJ. A systems model of leadership: WICS. American Psychologist 

2007;62:34–42. 
7. Stokols D, Harvey R, Gress J, Fuqua J, Phillips K. In vivo studies of 

transdisciplinary scientific collaboration: Lessons learned and implications 
for active living research. Am J Prev Med 2005;28(2 Suppl 2):202–13. 

8. Pescosolido BA. Of pride and prejudice: the role of sociology and social 
networks in integrating the health sciences. J Health Soc Behav 2006; 
47:189–208. 

9.	 Diener E. Professional issues in psychological science and a discussion of 
collaboration indicators. Perspectives on Psychological Science 2006;1:312–5. 

0. Sadler PM, Tai RH. The two high-school pillars supporting college science. 
Science 2007;317:457–8. 

1. King DA, Thomas SM. Taking science out of the box—foresight recast. 
Science 2007;316:1701–2. 
6;312:184. 

 forward: collaboration and creativity. Am J Prev Med 
243–S249. 32. Lane N. Alarm bells should help us refocus. Science 200

Did you know? 
You can personalize the American Journal of Preventive Medicine website to meet your 

individual needs. 
Visit www.ajpm-online.net today to see what else is new online! 
Am J Prev Med 2008;35(2S) S93 



T
A
S

S
4
v
d
r
b
p
m
t
m
r
v
d
s
m
s
b
t
d
J
i
i

t
d
a
p
c
i
w
e
p

s
s
i
c
p
t
t

F
U

P
b

S

he Science of Team Science 
ssessing the Value of Transdisciplinary Research 
. Leonard Syme, PhD 

m
b
a
d
f
o
v
l
s
e
t
fi

o
t
o
q
a
t
o
i
b
s
h
t
t
a
a
t

e
A
e
a
p
p
o
f
r
p
w
s
f
e
d
h

everal years ago, I chaired a committee organized 
by the IOM to consider the success of our public 
health efforts to prevent disease. The resulting 

93-page report concluded that we were not doing a 
ery good job.1 The committee offered 18 recommen
ations intended to improve this situation. The first 
ecommendation was that we needed to develop a 
etter balance between clinical approaches to disease 
revention (presently the dominant public health 
odel for most risk factors) and work that recognizes 

he importance of generic social and behavioral deter
inants of disease, injury, and disability. The second 

ecommendation was that we needed to develop inter
entions that took account of a wide range of health 
eterminants that operated at the individual, interper
onal, institutional, community, and policy levels. The 
ain message was that we needed somehow to tran

cend our disciplinary silos and consider a much 
roader set of determinants in a far more complex way 
han we have so far been able to do. Easier said than 
one. The papers in this supplement to the American 

ournal of Preventive Medicine2–16 therefore are a timely, 
mportant, and badly needed contribution to our work 
n preventing disease and promoting health. 

We all know the problem. Within the next 15 years, 
he number of people aged �65 in the U.S. will have 
oubled. Medical care resources in this country are 
lready severely challenged. When the number of older 
eople dramatically increases, the burden on medical 
are will be beyond anything we can now imagine. The 
mportance of disease prevention in helping to deal 
ith this crisis is obvious. To develop appropriate and 
ffective prevention programs is going to require a new 
aradigm. 
At present, our prevention efforts depend on re

earch to identify disease risk factors so that we can 
hare our acquired wisdom with people at risk. The 
dea is that these people will then rush home and 
hange behavior to lower their risk. There are three 
roblems with this approach. First, it has proven ex
raordinarily difficult to identify those risk factors. For 
he leading cause of death, coronary heart disease, the 

rom the Departments of Epidemiology and Community Health, 
niversity of California Berkeley, Berkeley, California 
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ajor identified risk factors (serum cholesterol, high 
lood pressure, smoking, physical inactivity, obesity) 
ccount for less than one half of the coronary heart 
isease that occurs. Our success in identifying risk 
actors for other diseases is even less impressive. Sec
nd, even when risk factors are identified, it has proven 
ery difficult for people to change their behavior to 
ower their risk. And third, even when people do 
uccessfully reduce their risk, new people continually 
nter the at-risk population because we rarely identify 
hose forces in the society that cause the problem in the 
rst place.17 Our silo-based work has not served us well. 
The challenge of overcoming this silo approach is 

verwhelming. Those of us in different silos have been 
rained quite differently, we have read different kinds 
f books, we use different languages, we evaluate the 
uality of research data and evidence quite differently, 
nd we have very different assessments of what it takes 
o do good research. Oftentimes, we don’t even respect 
ne another. Can you imagine these types of problems 

n an environment where a specific problem needs to 
e solved? Imagine a company that makes airplanes. In 
uch a company, there must be people representing 
undreds of discipline specialties. It is inconceivable 

hat these people would argue about the supremacy of 
heir discipline compared to the others. They have an 
irplane to build! The challenge of solving the design 
nd construction of the airplane problem clearly would 
ake precedence over turf battles. 

It is within the context of this charged and sensitive 
nvironment that we welcome this supplement to 
JPM2–16: There is a paper in this volume that explicitly 
xamines the collaborative process and the way it 
ffects the trust and respect of participants. There is a 
aper that suggests ways to assess the collaborative 
rocess. There is a paper that presents examples of 
ther areas in which transdisciplinary research has in 
act worked well. There is a paper that examines the 
ole of leadership in facilitating the transdisciplinary 
rocess. There are papers that demonstrate the ways in 
hich transdisciplinary research has been useful in 

hedding light on the etiology of diseases, on risk 
actors, and on the translation of findings for more 
ffective intervention programs. And there is a paper 
iscussing the way in which interdisciplinary thinking 
as become an important dimension of thinking at the 

IH. 

0749-3797/08/$–see front matter 
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This latter contribution regarding funding raises a 
ivotal challenge for the future of transdisciplinary 
ork. The NIH is the most important source in the 
ountry for funding both research and training in the 
ealth field. Overwhelmingly, however, successful re
earch and training grants are awarded for programs 
1) that target a specific disease (coronary heart dis
ase, cancer) or a disease-specific risk factor (smoking, 
besity); and/or (2) that focus on work at the labora
ory, clinical, or population level. Transdisciplinary 
roposals that seek to look at health more generally or 

hat attempt to integrate work at several levels often 
ave a difficult time in the traditional study section 
etting that dominates the review process at the NIH; 
hat this landscape is now being reconsidered is refresh
ng and of critical significance for the future of trans-
isciplinary work. 
Several years ago, the Canadian government decided 

o develop a National Institutes of Health for Canada. 
any of us warned them that if they patterned their 
IH along the same lines as our NIH, it would set back 

or many decades the cause of preventive work. They 
id subsequently establish the Canadian Institute for 
ealth Research with the usual institutes devoted to 

ancer, circulatory diseases, arthritis, and diabetes but 
hey also established institutes on population health, 
boriginal peoples, health services and policy research, 
nd gender. I served for 5 years on the Advisory Board 
or the Institute of Population and Public Health, and I 
an testify to the dramatically different type of consider
tions that take place when one is free to transcend a 
arrow focus on specific diseases and disease-specific risk 

actors. Similarly, the Robert Wood Johnson Foundation 
as recently developed a post-doctoral training program 
alled Health and Society that specifically emphasizes a 
ransdisciplinary approach to health. The work being 
one by many of these scholars is truly amazing. So it can 
e done. 
Thomas Kuhn wrote is his classic book, The Structure 

f Scientific Revolutions,18 that paradigm shifts occur in 
cience when the old ways of making sense of the world 
re no longer useful or appropriate. The need for a 
ransdisciplinary approach to the study of health and 
isease is critically needed because the traditional silo 
pproach to these issues clearly is not adequate to the 
hallenges we face. As has been noted, we are not able 
o identify many disease risk factors; even when we do 
uccessfully identify risk factors, it is difficult for people 
o change their behavior to change their risk profile; 
nd even if people do change their behavior, new 

eople continually take their place because we have 

ugust 2008	 
ailed to identify many of the fundamental societal 
orces that cause the problem in first place. A new 
aradigm is needed. The papers in this issue bring 

ogether a series of refreshing, imaginative, and ur
ently needed new perspectives on this problem. This 
upplement to AJPM is a major contribution to our 
hinking. 

o financial disclosures were reported by the author of this 
aper. 
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Theoretical Perspectives on Team Science 

he Ecology of Team Science 
nderstanding Contextual Influences on 
ransdisciplinary Collaboration 

aniel Stokols, PhD, Shalini Misra, MS, Richard P. Moser, PhD, Kara L. Hall, PhD, Brandie K. Taylor, MA 

bstract:	 Increased public and private investments in large-scale team science initiatives over the past 
two decades have underscored the need to better understand how contextual factors 
influence the effectiveness of transdisciplinary scientific collaboration. Toward that goal, 
the findings from four distinct areas of research on team performance and collaboration 
are reviewed: (1) social psychological and management research on the effectiveness of 
teams in organizational and institutional settings; (2) studies of cyber-infrastructures (i.e., 
computer-based infrastructures) designed to support transdisciplinary collaboration across 
remote research sites; (3) investigations of community-based coalitions for health promo
tion; and (4) studies focusing directly on the antecedents, processes, and outcomes of 
scientific collaboration within transdisciplinary research centers and training programs. 
The empirical literature within these four domains reveals several contextual circum
stances that either facilitate or hinder team performance and collaboration. A typology of 
contextual influences on transdisciplinary collaboration is proposed as a basis for deriving 
practical guidelines for designing, managing, and evaluating successful team science 
initiatives. 
(Am J Prev Med 2008;35(2S):S96–S115) © 2008 American Journal of Preventive Medicine 
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he growing interest and investment in transdis
ciplinary team science over the past 2 decades 
are reflected in the establishment of several 

arge-scale research and training initiatives by both 
ublic agencies and private foundations.1–7 This in
reasing commitment to transdisciplinary collaboration 
n science and training stems from the inherent com
lexity of contemporary public health, environmental, 
olitical, and policy challenges (e.g., cancer, heart 
isease, diabetes, AIDS, global warming, inter-group 
onflict, terrorism), and the realization that an integra
ion of multiple disciplinary perspectives is required to 
etter understand and ameliorate these problems.8 –12 

The expanded investment in team science and train
ng has prompted greater demands for evidence that 
hey be cost effective and justifiable in terms of their 
cientific, training, clinical, policy, and health out
omes, especially relative to smaller-scale, discipline-
ased research projects.13–16 Team science initiatives 
ypically entail substantial multiyear commitments of 

rom the School of Social Ecology, University of California Irvine 
Stokols, Misra), Irvine, California; the Division of Cancer Control 
nd Population Sciences (Moser, Hall), National Cancer Institute, 
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Taylor), Bethesda, Maryland 

Address correspondence and reprint requests to: Daniel Stokols, 
hD, Department of Planning, Policy and Design, UC Irvine, 206-C 

ocial Ecology 1 Building, School of Social Ecology, Irvine CA 92697. 
-mail: dstokols@uci.edu. 

96 Am J Prev Med 2008;35(2S) 

1

© 2008 American Journal of Preventive Medicine • Publish
onetary, human, and material resources.17 Critics of 
eam science contend that its value-added contribu
ions to scholarship, training, and public health may 
ot be evident for several decades and are exceed

ngly difficult to calibrate in rigorous experimental 
ashion relative to those yielded by smaller-scale, 
nidisciplinary projects (e.g., single-investigator NIH 
01 grants).18,19 

Even proponents of team science initiatives note that 
hey are highly labor intensive; often conflict-prone; 
nd require substantial preparation, practice, and trust 
mong team members to ensure a modicum of suc
ess.20 –22 The labor-intensity of collaborative research 
rograms may pose unique risks to young scholars who 
re particularly concerned about establishing strong 
cientific identities within their chosen fields.23 Consis
ent with these concerns, a growing number of studies 
ocusing on the processes and outcomes of transdisci
linary scientific collaboration suggest that the effec

iveness of team initiatives is highly variable and de
ends greatly on certain contextual circumstances and 
ollaborative readiness factors.24 –26 It is becoming in
reasingly clear that investments in team science are 
ot uniformly cost effective, although they can be 
normously valuable under the right circumstances 
e.g., the cross-disciplinary collaboration of Watson and 
rick on the structure of DNA, the Kennedy Adminis

ration’s commitment to land a crew on the moon by 

969).27,28 
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Considering the varying levels of effectiveness that 
ave been achieved by transdisciplinary teams and 
esearch centers within the health sciences, it is impor
ant to better understand the contextual determinants 
f collaborative success as a basis for knowing when 
and when not) to invest in large-scale team science 
nitiatives.29 In short, investments in transdisciplinary 
eam science and training must become more strategic 
nd cost effective in the coming years, especially in light 
f recent budget cuts, resource shortages, and the 

mportance of ensuring that research investments will 
ield scientific and translational advances that directly 
meliorate population health and environmental prob
ems at national and global levels.30 

apping the Ecology of Team Science 

o establish a more-strategic basis for designing, man
ging, and evaluating team science initiatives (and 
eciding when to opt instead for smaller-scale, unidis
iplinary approaches to health problems), this review 
xamines the ecology of team science, or the complex 
eb of intrapersonal, interpersonal, organizational, in

titutional, physical environmental, technologic (e.g., 
yber), and other political and societal factors that 
nfluence the effectiveness of transdisciplinary collabo
ation in research, training, clinical, and public-policy 
ettings. This ecologic analysis suggests a typology of 
ontextual circumstances that jointly determine the 
ffectiveness of transdisciplinary science and training. 
 key implication of the proposed typology is that 

nvestments in team science should be strategically 
argeted toward those research questions, settings, and 
eams that are most conducive to the collaborative 
uccess and long-term cost effectiveness of transdisci
linary initiatives.31 

Identifying the most appropriate criteria for judging 
he effectiveness of transdisciplinary team science initi
tives depends, of course, on the ways in which key 
imensions of team performance and the essential 
ualities of transdisciplinary collaboration are defined. 
or instance, in the fields of social psychology and 
rganizational behavior, the effectiveness of a team’s 
erformance is typically defined in terms of the quan
ity and quality of team products; the affective, behav
oral, and cognitive influences a transdisciplinary team 
as on its members; and the team’s capacity to perform 
ffectively in the future.32 Yet the evaluation of team 
cience initiatives (defined as a unique form of intel
ectual teamwork) generally impose additional criteria 
f success. For instance, Rosenfield33 contends that a 
ine qua non of effective transdisciplinary collaboration 
s the development of shared conceptual frameworks 
hat integrate and transcend the multiple disciplinary 
erspectives represented among team members. 
oreover, transdisciplinary conceptual frameworks 
re characterized as reflecting a higher degree of t

ugust 2008 
ntegration than is achieved through interdiscipli
ary collaboration.34 –36 The least-integrative forms 
f cross-disciplinary research, according to Rosen
eld,33 are multidisciplinary projects in which partici
ating scholars remain conceptually and methodologi
ally anchored in their respective fields (although by 
efinition some sharing of diverse perspectives also 
ccurs in multidisciplinary research). 
In contrast to Rosenfield’s definition of transdiscipli

arity, the NIH Roadmap initiative4 treats the terms 
nterdisciplinary and transdisciplinary as basically equiva
ent and, for simplicity, focuses on the promotion of 
nterdisciplinary collaboration. Within the Roadmap 
nitiative, interdisciplinary research is defined as that 
hich “. . . integrates the analytical strengths of two or 
ore often disparate disciplines to create a new hybrid 

iscipline.”4 Examples of hybrid fields spawned by 
nterdisciplinary health research are cognitive neuro
cience, behavioral medicine, psychoneuroimmunol
gy, bioinformatics, pharmacogenetics, proteomics, 
anotechnology, and populomics.37,38 

In the ensuing discussion, the distinctions among 
ultidisciplinarity, interdisciplinarity, and transdiscipli
arity posited by Rosenfield and endorsed by others are 
etained, because these terms define collaborative ef
ectiveness along a continuum of scientific achieve

ents rather than in terms of a dichotomy between the 
mergence or non-emergence of a hybrid scientific 
eld.13,14,21,36,39 For example, the development of a 
hared conceptual framework among members of a 
ransdisciplinary research center can be viewed as an 
mportant, albeit incremental, collaborative milestone, 
ven if it is only one of many intellectual precursors 
hat eventually cumulate in the form of a newly recog
ized hybrid field. If the effectiveness of team science 
ere defined solely in terms of the emergence of new 
ybrid fields, then many near- and mid-term collabora

ive scientific achievements would remain undetected 
n the evaluation of team initiatives. Thus, it is impor
ant to account for the temporal sequence of transdis
iplinary collaborative outcomes (e.g., from the early 
evelopment of integrative conceptual frameworks to 
he subsequent emergence of new hybrid scientific 
elds) in the evaluation of team science initiatives. 

eneric and Project-Specific Criteria for Gauging the 
ffectiveness of Transdisciplinary Collaborations 

he contrasting definitions of cross-disciplinary re
earch (e.g., multidisciplinarity, interdisciplinarity, and 
ransdisciplinarity) presented by Rosenfield and the 
IH Roadmap initiative (and the alternative criteria for 

udging the effectiveness of transdisciplinary collabora
ions) are generic in the sense that they are intended to 
pply to broad categories of similarly organized initia

ives and programs (e.g., National Cancer Institute 

Am J Prev Med 2008;35(2S) S97 
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ransdisciplinary research and training centers). How
ver, when diverse team science programs are com
ared, it becomes apparent that they often assign 
ifferent priorities among the multiple potential out
omes of transdisciplinary collaboration. For instance, 
eam science initiatives such as the NIH Clinical Trans
ational Research Centers and the Centers for Popula
ion Health and Health Disparities emphasize strategies 
f community-based participatory research (as well as 
asic medical and behavioral research) for achieving 
ffective collaboration among university researchers 
nd community-based health practitioners as they work 
ogether to design and implement evidence-based 
isease-prevention programs.30,40,41 Other team science 

nitiatives, however, place less emphasis on the transla
ion of scientific research into clinical practices and 
ive higher priority to scientific discovery and intellec
ual integration. Thus, in addition to considering the 
eneric criteria of transdisciplinary collaborative suc
ess, it is also essential that the evaluation of team science 
rograms take into account their diverse, project-specific 
oals, ranging from the achievement of scientific ad
ances and the education of transdisciplinary scholars 
o the translational, clinical, and public-policy benefits 
hat accrue from investments in transdisciplinary re
earch and training. To be maximally useful, the eval
ation of team science initiatives should incorporate 
etrics that give the greatest weighting to the highest-

riority goals (e.g., scientific, training, translational, 
olicy) specified at the outset of each initiative by 
ajor stakeholder groups (e.g., funding agencies, 

rincipal investigators, community organizations, 
lected officials).17,29 

At the same time, the content and priority ranking of 
ollaborative goals may change over the life course of 
n initiative. For instance, the initial stage of a team 
cience project may give the greatest emphasis to basic 
esearch and training, whereas the intermediate and 
ong-term phases of collaboration may assign greater 
mportance to the translation of scientific knowledge 
nto community interventions and policies designed 
o improve public health. Thus, the substance and 
elative importance of an initiative’s major goals may be 
hase-specific. 
Clearly, any discussion of the ecology of team science 
ust address the complexities inherent in selecting 

riteria for gauging the effectiveness of transdisci
linary collaboration, including those mentioned 
bove. The typology of factors that influence the effec
iveness of team science, presented in a later section of 
his paper, recognizes that the definition of effective
ess and the identification of highest-priority goals will 
ary somewhat among different research and training 
rograms and across their different phases, and that 
he design, management, and evaluation of transdisci
linary initiatives must be tailored to address the 

nique and highest-priority goals of each. Moreover, i

98 American Journal of Preventive Medicine, Volume 35, Num
ultiple stakeholder groups (e.g., researchers, funders, 
ommunity members) may define the highest-priority 
oals of a transdisciplinary program differently, thereby 
reating yet another challenge to the design, manage
ent, and evaluation of team science initiatives, as 

iscussed below. 

eview of Empirical Research on Team Performance 
nd Transdisciplinary Collaboration 

his analysis of contextual factors that influence the 
uccess of transdisciplinary collaborations is guided by 
mpirical evidence drawn from at least four areas of 
cientific research: (1) social psychological and man
gement research on the effectiveness of teams in 
rganizational and institutional settings; (2) studies of 
yber-infrastructures (i.e., computer-based infrastruc
ures) designed to support transdisciplinary scientific 
ollaboration; (3) field investigations of community-
ased coalitions for disease prevention and health 
romotion; and (4) studies focusing explicitly on the 
ntecedents, processes, and outcomes of effective col
aboration within transdisciplinary research centers and 
raining programs. These areas were selected for review 
ecause they all identify key factors that facilitate or 
onstrain teamwork across a variety of institutional and 
ommunity settings. At the same time, the four re
earch domains differ from each other in certain 
onceptual and methodologic respects. For instance, 
ocial psychological studies of team performance have 
elied heavily on short-term, laboratory-experimental 
nvestigations of randomly composed groups, whereas 
hose in the fields of organizational behavior and 

anagement science more often have employed longi
udinal field research to evaluate the functioning of 
re-existing teams in corporate and other naturalistic 
ettings.32,42–44 Also, the criteria used to assess collabo
ative effectiveness vary widely, depending on whether 
he groups under study are randomly assembled and 
nstructed to work on short-term experimental tasks or 
re longer-standing, self-selected teams employed by 
ngoing organizations to achieve specified financial, 
ealth, or intellectual outcomes.45 Thus, university– 
ommunity coalitions collaborate to promote popula
ion health, improvements in environmental quality, 
nd social justice within a local community, whereas 
ransdisciplinary science and training programs often 
lace greater emphasis on intellectual discovery and 
cientific advancement as the most-highly prized collab
rative outcomes.29 

The four research domains reviewed below vary not 
nly in terms of the kinds of teamwork studied within 
ach, but also in the breadth or scope of collaboration 
xamined in each field. Cross-disciplinary collabora
ions can be compared on at least three dimensions of 

ntegrative scope: organizational, geographic, and ana-

ber 2S www.ajpm-online.net 
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ytic, each ranging from narrow to broad.29 The orga
izational scope of transdisciplinary collaboration in
ludes intra-organizational partnerships in which 
articipants work together within a single organization; 

nter-organizational alliances whose participants span 
ultiple organizations; and intersectoral partnerships 

n which members representing multiple communities, 
egions, or nations form alliances to develop programs 
r policies covering larger geographic and political 
omains. For instance, studies of team performance in 
he fields of social psychology, organizational behavior, 
nd management science predominantly emphasize an 
ntra-organizational perspective, whereas research on 
niversity–community coalitions for health promotion 
ncompass inter-organizational and intersectoral con
exts of collaboration. 

Similarly, the geographic scope of transdisciplinary 
ollaboration ranges from local groups to community, 
egional, and national/global contexts of collabora
ion. Scientific teams, for example, include those 
ased solely at a single locale (e.g., a university or 
esearch institute) as well as those whose participants 
ollaborate across multiple, dispersed locations, of
en using electronic support systems to facilitate their 
ommunication.46 

Finally, the analytic scope of transdisciplinary collab
ration ranges from molecular (e.g., neuroscience) to 
olar (e.g., public policy) levels of intellectual analysis, 

epending on the nature of the scientific or commu
ity problems addressed by the team. As intellectual 
nalyses move from molecular or cellular levels to 
ommunity and policy perspectives, a wider range of 
cademic and professional vantage points must be 
ridged to achieve a transdisciplinary approach to the 
roblems at hand.26 Generally, transdisciplinary collab
rations encompassing broader organizational, geo
raphic, and analytic scope face a larger and more 
omplex array of potential coordination constraints as 
hey pursue their scientific and community problem-
olving goals.29 

Differences in the kinds and scope of transdisci
linary collaborations studied within diverse fields sug
est that extrapolations among the findings reported in 
ach domain must be drawn with caution. A major goal 
nderlying this analysis of transdisciplinary collabora
ion is to develop a typology of circumstances that 
onstrain or enhance the effectiveness of team science 
nd training programs. When the relevance of findings 
rom social psychological and management studies of 
eam performance for understanding transdisciplinary 
cience initiatives are considered, for example, it is 
mportant to remain mindful of the differences be
ween experimental teams studied in laboratory set
ings, on the one hand, and community-based coali
ions and research organizations examined through 
aturalistic field research, on the other; or between 

ssemblages of independent-minded scientists working 

a
a

ugust 2008 
n university settings compared to members of corpo
ate teams that report directly to a single company boss. 
onetheless, certain contextual factors are consistently 

dentified as important correlates or determinants of 
ollaborative success across several research areas, as 
oted below. In this paper, particular attention is paid 

o these widely observed, high-leverage variables in 
eveloping a typology of contextual factors that influ
nce the effectiveness of transdisciplinary collabora
ions. With those caveats, a review of empirical evidence 
rawn from four relevant research domains begins 
elow. 

ocial Psychology and Management Research on the 
ffectiveness of Teams 

xperimental studies of group dynamics and interper
onal processes (e.g., leadership, conformity, conflict) 
onducted in laboratory settings have been a focal area 
f social psychological research over the past six de
ades.42– 44,47,48 As concerns have grown in recent years 
bout improving collaboration among members of 
ommunity-based organizations, field research on teams 
orking in and across specific organizational settings 
as expanded as a basis for better understanding how 
uccessful teamsa work and what factors determine 
heir effectiveness, such as team members’ familiarity 
ith each other, their social cohesiveness, group size, 
nd leadership styles.50–52 Empirical findings from this 
esearch are outlined below. Although the relevant 
iterature is quite extensive, space constraints necessi
ate that the review of this earlier work be selective 
ather than exhaustive. 

eam Members’ Familiarity and 
ocial Cohesiveness 

ecent reviews of research on team effectiveness sug
est that increased familiarity among team members as 
ell as greater social cohesiveness lead to increased 
roductivity.32,45 Relatedly, it has been observed that 
ocial cohesiveness is enhanced in part by good perfor
ance itself.45 In many organizational settings, strong 

etwork ties are more likely to form among members 
ho share similarities in various demographic and 
ducational criteria than among those who do not.53 

It is noted that distinctions have been drawn in social psychological 
nd management research between the terms teams, groups, task 
orces, and their various subcategories (e.g., project teams, top 

anagement teams, production teams, action/involvement teams). 
owever, these differences are not essential for purposes of this 
iscussion, because all of the terms refer similarly to collections of 

nterdependent individuals who share responsibility for outcomes 
nd are recognized as distinct social entities by their members and 
utsiders. Moreover, because this study’s purpose is to review the 

iterature across disparate fields and to establish emergent themes 
elevant to transdisciplinary collaboration, the term team will be 

pplied to all forms of collaboration examined in social psychology 
nd management research. 

Am J Prev Med 2008;35(2S) S99 
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ome studies have found that homogenous teams, 
lthough more socially cohesive, do not perform as well 
s heterogeneous teams on certain kinds of tasks, 
specially on creative and intellectual tasks.54–56 Katz 
bserved that familiarity among team members had a 
egative effect on team performance with the passage 
f time, suggesting that temporal factors play a crucial 
ole in members’ efforts to establish and sustain high 
evels of performance.32,57 A recent experimental study 
ssessed the effect of time on team performance under 
wo conditions—one in which members were familiar 
ith each other and another in which they were not— 
nd found that, over time, initially unfamiliar team 
embers performed just as well as the other team 
hose members were more familiar with each other at 

he outset.58 

One explanation of the declining performance of 
eams whose members are familiar with each other is 
hat, as familiar group members become more cohesive 
ver time, interpersonal processes that diminish perfor
ance, such as social loafingb and “groupthink,”c in

ensify as well.60–62  Another explanation is that com
unication among members declines as teams age.57 

khuysen63 found that familiar teams exhibit less flex
bility for change compared to teams of strangers, 
hereby jeopardizing their performance. Teams that 
re able to adapt to fluctuating task demands are more 
ikely to be effective, because these environmental 
hallenges prompt members to evaluate their current 
trategies and abandon ineffective ones.64 Familiarity, 
owever, may lock members into ineffective strategies 
ver time because of their reluctance to modify pre
stablished roles and patterns of interaction.63 Conver
ent evidence for the inverse link between familiarity 
nd performance over time emerged from a field 
nvestigation of interdisciplinary scientific networks,1 a 
opic discussed more fully in a later section. 

eam Size and Physical 
nvironmental Conditions 

he effects of team size on performance are mixed, 
ith some studies indicating that large teams require 
ore coordination and time to reach decisions,65 and 

thers finding that teams, even with as many as 30 –40 
embers, can achieve higher levels of performance 

ecause of their access to greater resources—especially 
ime, energy, money, and expertise—for task comple

In the social psychology of groups, the social-loafing effect has been 
efined as a situation in which people expend less effort when 
orking in groups than when working alone. One explanation is that 
eople can get away with poor performance in groups because their 

ndividual outputs are not identifiable. Another is that they expect 
he other group members to loaf, and therefore lessen their own 
fforts to establish an equitable division of labor.59 

When group members try to reach consensus or minimize conflict 
ithout critically analyzing and evaluating ideas, either to avoid 

ngering other group members or avoid being seen as foolish, they 
re exhibiting groupthink.60 e

100 American Journal of Preventive Medicine, Volume 35, Num
ion.49,66 Stewart’s meta-analysis67 examined empirical 
inks between differences in team size and performance 
evels among teams working on complex tasks in un
ertain environments and found a small but positive 
ffect of team size on performance. 
However, another study68 of 15 interdisciplinary 

reatment teams in a hospital setting (where group sizes 
anged from 5 to 12 members) found that overall 
ffectiveness, measured by cohesiveness, meeting hos
ital standards, and the personal well-being of team 
embers, was greater among smaller teams. That study 

lso found that high levels of interdisciplinary collabo
ation were linked to greater cohesiveness which, in 
urn, contributed to improved performance. Moreover, 

embers’ ratings of physical environmental conditions 
t work, such as the availability of quiet and comfort
ble places for team meetings and adequate materials 
or discussion, were positively related to reported 
evels of interdisciplinary collaboration. The influ
nce of a team’s physical environment on patterns of 
ollaboration also has been observed in earlier stud
es of corporate teams and university-based research 
enters.13,26,69 –71 

It is important to note that the optimal team size for 
nhanced performance is likely to vary, depending on 
he kinds of teams and organizations under study. For 
xample, in a study of interdisciplinary research and 
raining centers, Rhoten25 found that smaller (�20 
nvestigators) and medium-sized (21–50 members) cen
ers were more conducive to the generation of interdis
iplinary knowledge than larger centers (�50 investi
ators). Yet in other settings such as corporate 
epartments, 20-member teams may be regarded as 

arge rather than small. The relationships between 
embership size and performance quality thus are 

onditioned by the unique goals of particular teams 
nd the ecologic contexts in which they function. 

eadership Traits and Behaviors 

arlier studies17,29,72 of transdisciplinary research cen
ers and teams suggest that leaders substantially influ
nce collaborative processes and outcomes. Yet empir
cal links between the specific traits and behaviors of 
eaders and the effectiveness of team science initiatives 
emain to be drawn. There is, however, a long tradition 
f research on leadership, group performance, and 
rganizational effectiveness within social psychology 
nd management science, some of which is rooted in 
ax Weber’s conceptualization of charismatic lead

rs.73 For instance, research in these fields has identi
ed various personal traits, such as intelligence, self-
onfidence, physical appearance, educational status, 
ask-relevant knowledge, and sensitivity to members’ 
ocio-emotional needs, that contribute to effective lead

rship in team situations.74–77 
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Recent studies have moved beyond analyses of spe
ific leadership traits toward a broader focus on the 
ombinations of skills, patterns of behavior, and inter
ersonal styles exhibited by exemplary leaders.78,79 

ccording to Collins,80 for example, it is the paradox
cal blend of personal humility and strong professional 
ill that enables some individuals to become exemplary 

eaders. Bennis52 suggests that the leaders of “great 
roups” excel at generating and sustaining trust; culti
ating a shared dream among members that provides 
hem with direction, meaning, and hope; and have a 
ias toward risk taking and action. Similarly, the term 

ransformational leader has been used in other stud
es50,67,81 to describe individuals who are able to en
ance fellow-members’ motivation and performance by 
ffering them a strong vision of collective success, 
ringing out the best in each member and empowering 
er or him to reach personally and collectively impor

ant goals. Teams rated higher on transformational 
eadership see themselves as more potent and achieve 
igher levels of performance.81 

An important direction for future research is to 
xamine the contextual influences on leaders’ effec
iveness within complex team science initiatives. As the 
rganizational and geographic scope of transdisci
linary collaboration increases (e.g., for multisite initi
tives), leadership responsibilities often must be shared 
nd coordinated among multiple directors (e.g., those 
aving primary responsibility for scientific, financial, 
nd administrative leadership) located at geographi
ally dispersed sites29,72—a topic discussed further in a 
ater section of this review. 

articipatory Goal Setting and 
ommunication Patterns 

articipatory goal setting is thought to enhance team 
erformance by encouraging feelings of inclusiveness 
mong team members and providing them structure, 
onnection, and shared beliefs, as well as enhancing 
ollective efficacy.45,61,82– 84 Importantly, the presence 
f a goal, compared to no goal or ill-defined goals, 
ends to elevate team performance by raising member 
ffort and stimulating communication and coopera
ion.32 Team-development strategies such as experien
ial learning and appreciative inquiry have been found 
o be useful in facilitating members’ efforts to reach 
onsensus about shared goals and aspirations.50,61,85,86 

Communication has been a topic of long-standing 
nterest in research on group dynamics. The lack of 
dequate feedback and communication is a major 
mpediment to effective team performance.61,86 Regu
ar group communication involving the exchange of 
rganization-relevant knowledge among employees was 
ound to enhance innovation in a longitudinal study of 

anufacturing firms.87 Good communication among 

eam members encourages feelings of trust and psycho h

ugust 2008 
ogical safety,88 and enables teams to better manage 
ssues of size, compatibility, and cohesion.61 In a study 
f new-product team managers in a high-technology 
rm, Ancona and Caldwell89 demonstrated that not 
nly internal communication (communication among 
eam members) but also external communication 
communication beyond the teams) enhances perfor
ance. The use of group brainstorming to promote 

ommunication and idea generation also has received 
upport, especially for teams communicating electron
cally.32,45,46 The issue of effective communication for 
emote collaboration is discussed further in the section 
n electronic communication among spatially dis
ersed teams.46,90 

ask and Outcome Interdependence 

n additional factor that has been shown to influence 
eam performance is the structural interdependence of 

embers’ tasks and rewards. An example of an interde
endent task is software development, which requires a 

eam consisting of programmers, quality-assurance ex
erts, business analysts, and project managers to accom
lish the task. An interdependent reward system is one 

n which all members are assessed and rewarded 
qually based on the performance of the team, regard
ess of variations in individual excellence. When re
earchers work collaboratively on a shared enterprise 
ut pursue part of the project independently, they are 
aid to be a hybrid team. Accordingly, members tasks 
nd rewards have both individual and collective 
lements.91 

In a study91 of 150 teams of technicians in a corpo
ation, it was found that teams perform best when their 
asks and outcomes are either purely group-oriented or 
urely individual-oriented. Higher levels of task inter
ependence resulted in higher levels of cooperation, 
elping, and learning behavior, and demonstrated 
igh-quality social processes. Similarly, group-reward 
ystems for highly interdependent teams motivated 
embers to perform well and resulted in greater effort. 
ybrid teams, however, performed poorly, exhibited 
oor interpersonal processes, and had low levels of 
ember satisfaction.91 

These findings pose implications for the design of 
ransdisciplinary research collaborations, notwithstand
ng the differences between corporate and scientific 
ettings. Because transdisciplinary team science re
uires a high level of cooperation to achieve knowledge 

ntegration across disciplinary boundaries, it would 
eem advisable to organize research tasks so that they 
re structurally interdependent; encourage sustained 
ollaboration through institutional, environmental, 
nd technologic supports; and reward collaborative 
rocesses and achievements through an interdepen
ent incentive system. Organizational structures that 

ave hybrid or very low levels of interdependence have 
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een shown to produce low levels of interaction among 
embers and to prevent the development of collective 

orms and mutual learning.92 At the same time, exces
ive structural interdependence in research settings, 
specially when not supported by organizational, envi
onmental, and technologic resources, can become 
roblematic, as much time and effort must be spent on 
oordination issues rather than on the task itself. To be 
aximally effective, team science initiatives may re

uire a balance between interdependent task and re
ard structures on the one hand, and opportunities for 
utonomous or semi-autonomous teamwork on the 
ther.67,78,93 

eam Effectiveness in Remote Collaboration 

emote collaboration refers to those arrangements in 
hich team members are geographically dispersed. 
patially (and often temporally and culturally) sepa
ated teams of workers collaborate on scientific or 
anagerial projects through the Internet and by using 

ther information and communication technologies. 
ew terms such as scientific collaboratories (the terms 

irtual teams and distributed collaboration are also found 
n the literature)46 have come to represent network-
ased facilities and organizational entities that span large 
istances to allow contact among researchers, access to 
ata and instruments, and the sustained interaction re
uired to accomplish research tasks.94–96 Remote collab
ration can be intra- or inter-organizational as well as 
ntersectoral in scope, depending on the particular 
ontext of collaboration and its specific purpose. The 
eographic scale of remote collaboration may be 
uite broad, as members often communicate with 
artners located in other countries. Distributed collab
ration poses unique challenges for team effectiveness. 
 small but steadily growing body of work has exam

ned the conditions that facilitate and constrain the 
erformance of spatially and temporally dispersed 
eams. These facilitative and constraining factors are 
ategorized as technologic, environmental, socio
ognitive, and emotional. 

echnologic Factors 

he availability of adequate infrastructure—such as the 
equisite bandwidth for distance technology tools (e.g., 
igital video and high-quality audio); state-of-the-art 
orkstations; and the availability of technical sup
ort—is critical to the scientific and managerial success 
f distance collaboration. Olson and Olson,90 for ex
mple, describe how a team of manufacturing engi
eers in Europe encountered difficulties while explain

ng a manufacturing issue to design engineers in the 
.S. because they used only audio technology rather 

han both audio and video. The high costs and in

reased expenditure of time required to initiate and M

102 American Journal of Preventive Medicine, Volume 35, Num
ynchronize applications like data conferencing often 
urtail their use (e.g., broadcasting slides only briefly 
nd reducing collaboration over joint work).97 Because 
cientific and managerial collaborations require the 
ransfer of large amounts of data securely and quickly, 
ven synchronously, the additional challenges of main
aining data security, integrity, privacy, and long-term 
rchival access often arise.72 

Apart from these technologic infrastructure-readiness 
actors, conditions of technology readiness also have 
een addressed.90 Observational studies of scientific 
nd industrial collaboratories have found that users 
nfamiliar or inexperienced with the use of advanced 
echnologies are not prepared for such forms of collab
ration. Technology readiness also requires users to 
ave adapted to the habits and patterns of technology 
se, such as preparing for and setting up meetings, 
aving regular access to technology, and making infor
ation accessible to others in a timely fashion.90 Assess

ng the technology readiness of participants before 
mplementing distance collaboration is crucial for en
uring its success. 

nvironmental Factors 

echnology-mediated collaboration changes the way 
eople interact with their socio-physical surroundings. 
acit behaviors taken for granted in face-to-face trans
ctions become major impediments in remote collabo
ation. Teams using tools for audio conferencing, video 
onferencing, or both, encounter difficulties such as 
eing unaware of other participants’ identities, the 
opic of discussion, the identity of speakers, and the 

ental and emotional states of their remotely located 
artners.90 Distance collaborators must adapt to the 

oss of shared physical settings and socio-spatial cues. 
or instance, it becomes critical for dispersed team 
embers to be explicit about information that is nor
ally tacit in collocated teams to ease the collaborative 

rocess.98 Another adjustment that may facilitate re
ote collaboration is the use of technology-mediated 

ommunication only for unambiguous activities that 
o not require frequent interaction and feedback 
e.g., data collection versus idea generation or 
esigning).90,98 

An additional constraint faced by virtual teams, espe
ially in international collaboration, is working in dif
erent time zones.99 If coordinated well, work could 
roceed 24 hours a day, leading to increased produc
ivity. However, working across multiple time zones 

eans that team members are in different stages of 
heir circadian rhythms—members of the U.S. team, 
or example, could be groggy early in the morning 
hile simultaneously their French collaborators would 
e alert in the late afternoon.90 Managing cultural 
ifferences poses other challenges for global teams. 

isunderstandings due to linguistic differences, dispar

ber 2S www.ajpm-online.net 
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ties in management styles, and status conventions in 
ifferent cultures can constrain the effectiveness of 
lobal teams.90 

ocio-Cognitive and Emotional Factors 

uilding and sustaining trust are perhaps the most 
rucial conditions virtual teams must achieve to be 
uccessful. Trust is especially fragile and transient in 
irtual teams, as members do not share a common 
ocio-physical context, norms, values, or expectations, 
or do they have opportunities to monitor each other’s 
ehavior.100,101 An experimental study of computer-
ediated teamwork found that lack of trust is a major 

onstraint on performance, especially when teams en
age in risky activities and have few shared experiences 
o rely on. Initial face-to-face contact and socialization 
ere found to increase the trust levels among team 
embers, facilitate the formation of social norms, and 

id the establishment of group identity.102 Face-to-face 
ontact early-on may be a prerequisite for successful 
emote collaboration. 

Effective and sustained communication among geo
raphically isolated team members emerges as another 
ssential element for creating common ground as a 
recursor to trust among collaborators.90 Jarvenpaa 
nd Leidner100 found that increased social communi
ation, along with task-related communication, strength
ns trust. Communication expressing enthusiasm and 
ptimism explicitly was found to facilitate the estab

ishment of trust early-on in a collaboration. Teams 
hat had high levels of trust exchanged many messages 
or clarification and to garner consensus on the task. 
hey also initiated more communication and provided 

imely substantive feedback to fellow members. Enthu
iastic and motivated leadership was another key factor 
hat differentiated high-trust from low-trust virtual 
eams.100 

Specific interventions found to improve distance 
ollaboration include the presence of a technology 
acilitator to help resolve technical problems and a 
irtual-meeting facilitator who mediated discussions 
mong the remote parties.90,97 When multiple loca
ions are involved, the presence of a site coordinator to 
andle location-specific administrative issues was found 

o improve communication among parties.103 The cre
tion of formalized communication conventions might 
nclude protocols for turn taking and the use of com

on specialized vocabulary among sites.90 In addition 
o organizational strategies for improving interaction 
mong dispersed team members, technologic advances 
lso can ease some of the difficulties inherent in remote 
ollaboration. For instance, technologically enabled 
roup performance support systems, including tools for 
lectronic brainstorming, evaluation, and voting, as 

ell as exchanging comments, can assist virtual teams c

ugust 2008 
ith decision making, resource planning, and other 
ollaborative activities.104 

Remote collaboration creates new expectations, al
ers roles, and shifts communication patterns for its 

embers.98 It therefore requires participants to make 
arious social, organizational, and physical environ
ental adjustments and adaptations to new tools and 

echnologies.105 The success of both collocated and 
irtual teams is likely to be influenced by the collabo
ation readiness of its members and participating orga
izations.26,90 Organizations and teams that lack a 
ulture of sharing and collaboration are likely to resist 
hange and remain ineffective. Moreover, if incentive 
tructures are not aligned to encourage the adoption of 
ollaborative tools and related behaviors, such behav
ors are not likely to occur. Finholt98 suggests that team 

embers establish formal conventions about how data 
re to be used and credit shared at the outset of their 
ollaboration to enhance its effectiveness. Another 
ctivity that can facilitate remote teamwork is the 
ongitudinal evaluation of collaborative processes 
nd outcomes (e.g., Teasley and Wolinsky106). For
ative evaluations can lead to refinements in re

earch and training programs, strengthen social net
orks, and encourage new organizational forms to 

26,94,106merge.

eam Effectiveness in Community Coalitions 

ommunity coalitions between scientists and practitio
ers translate scientific findings into interventions and 
rograms that promote public health and social justice. 
hese collaborations are usually inter-organizational in 

cope. The scale and complexity of transdisciplinary 
ollaboration among researchers and practitioners in
rease further as the goals become broader-gauged with 
he design, implementation, and evaluation of health 
rograms and policies spanning local, regional, na

ional, and international levels. Such broad-gauged 
ollaborations are intersectoral in scope.29 Community 
oalitions are prone to the difficulties inherent in 
eamwork (such as conflict and social fragmentation) 
ecause of the complexity of their goals and environ
ental contexts as well as the diversity of participants’ 
orld views and educational backgrounds. Factors that 
an facilitate or constrain the effectiveness of commu
ity coalitions are noted below. 

dentification of Common Goals and Outcomes 

ontributing to both community concerns and re
earch goals is a defining feature of transdisciplinary 
ction research. Citizen groups, practitioners, and re
earchers bring diverse and often competing interests 
nd problem-solving agendas to their partnerships.29 At 
imes, the expectations and priorities of funding agen

ies are different from a coalition’s goals, imposing 

Am J Prev Med 2008;35(2S) S103 
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dditional collaborative constraints.107,108 An evalua
ion of the first 4 years of an intersectoral community 
oalition identified as a key challenge the achieving of 
 balance between community interests and research 
eeds.108 Whereas practitioners’ goals are more prag
atic, community-oriented, and favorably disposed to 

uick decisions and the implementation of problem-
olving strategies, researchers generally have a longer-
erm orientation, are more concerned with basic re
earch questions, and aspire to publication and the 
eceipt of grant funds.29,107 Conflicts also may arise 
rom differences in ethical practices and beliefs about 
hat constitutes a realistic timeline to achieve the 
oalition’s goals.72 Coalitions whose members en
orse competing goals and outcomes; hold different 
iews of science and society; and use dissimilar 
erminology, language, and decision-making styles 
re likely to experience conflicts that undermine the 
eam’s performance. Coalitions that identify clear 
oals and objectives perceived to be attainable, agree 
n shared research-principles, and reach consensus 
n major areas of concern face fewer collaborative 
hallenges.29,107–109 

istribution of Power and Control 

he inequitable distribution of resources (e.g., infor
ation, time, funding, decision-making power, partici

ation, and control over aspects of the community 
roblem-solving process) is a major impediment to 
oalition progress and sustainability. Perceived status 
ifferences— between scientists and practitioners, 
nd between health professionals and community 
embers—can prevent collaborations from achieving 

heir goals.29,107–110 Other studies of coalitions high
ight the importance of the continuity of collaboration 
etween researchers and practitioners over extended 
eriods and across the various phases of action– 
esearch, including the formulation of goals and the 
ranslation of research into preventive and therapeutic 
nterventions, scientific publication, and community 
mpowerment.29,108,111 The joint development of oper
ting norms that encourage open communication, mu
ual respect, inclusiveness, and shared decision making 
lso facilitate the collaborative process.107,108 

istory of Collaboration 

uilding on prior positive experiences with a certain 
rganization or community enhances trust among co
lition partners and is a practical strategy for strength
ning future collaborations. A lack of trust and respect 
rise from prior collaborations in which community 
embers perceived no direct benefit or even harm, or 

f they received no feedback.107,112 Groups in the U.S. 
hat have experienced historic oppression, such as 
ative American and African-American communities, 

ay mistrust scientists. Scientists, on the other hand, c

104 American Journal of Preventive Medicine, Volume 35, Num
ay not be aware of such feelings of mistrust when 
ormulating research goals and planning tasks that 
equire the involvement of these communities.111 Also, 
he simple lack of experience in working with a partic
lar organization or conducting community-based re
earch can result in a considerable amount of time 
eing spent to establish trust and define shared princi
les of collaboration.108 Prior experience in working 
ith partners and conducting transdisciplinary action– 
esearch eases these pressures considerably.40 

eadership and Member Characteristics 

eaders who are supportive, democratic, empowering, 
nd committed and who encourage cooperation and 
ngage the support of others significantly enhance 
ransdisciplinary collaborations within both university 
nd community settings.29,107–109,113 Kumpfer and col
eagues113 conducted an exploratory study to test the 
elationship of leadership style to team effectiveness in 
n alcohol and drug abuse–prevention coalition. An 
mpowering leadership style was found to boost mem
er satisfaction and team efficacy, and was critical to the 

mplementation and maintenance stages of the coali
ion as well as to its outcomes. Because coalitions are 
rone to internal disagreements, leaders adept at han
ling conflict are a valuable asset. By contrast, those 
ho foster secrecy, in-group exclusiveness, and con

rontation can weaken cooperative problem solving 
mong members and minimize their use of intellec
ual resources. In inter-organizational and intersec
oral coalitions, the presence of multiple program 
hampions who are well-known and respected among 
artners can facilitate coordination across participat

ng organizations.109,112 

Members’ readiness for collaboration also influences 
he outcomes of the community coalition. Collaboration-
eadiness factors include the sharing of a transdisci
linary ethic by coalition members and are expressed 
y their methodologic flexibility, cooperative spirit, 

nclusiveness, and positive attitudes toward collabora
ion.107,109,114 In addition to their skills in research 
esign and methods, members should be skilled in 
roup processes, team development, negotiation, con
ict resolution, and interpersonal communication.107 

egular and unconstrained communication among team 
embers—interpersonal as well as project-related—is a 
ecessary condition to establish and maintain trust 
mong members, provide clarity about coalition goals 
nd member roles, and resolve disagreements or 
onflicts. The provision of well-developed electronic 
ommunication systems also facilitates coordination 
mong partners.29,109 

rganizational Support 

 challenge faced by community coalitions is the de

line in participation or involvement by members due 
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o circumstances such as lack of time, scarce resources, 
nsufficient appreciation or recognition, competing 
nstitutional demands, loss of autonomy in decision 

aking, frustration due to lack of progress, and inter
ersonal conflict.107–109 Sustaining community coali

ions requires that members’ incentives to remain 
nvolved exceed the personal costs they incur through 
heir participation. Examples of such incentives are 
nancial compensation, training and educational op
ortunities, and peer recognition.107 Broad-based insti

utional support for transdisciplinary collaboration 
e.g., changes in tenure and promotion policies in 
niversities) and rewards for community-based re
earch (e.g., the publication of findings in respected 
ournals) may increase the collaboration readiness of 
esearchers and practitioners alike. Finally, assurances 
f long-term funding by public agencies and private 
oundations also enable coalition members to build 
ustainable partnerships.29,107,108 

tudies of Transdisciplinary Science and 
raining Programs 

esearch on the antecedents, processes, and outcomes 
f scientific collaboration in transdisciplinary research 
enters and teams has grown steadily since the mid
990s. Detailed reviews of these studies are available 
lsewhere.10,11,13,22,25 The existing literature on the 
cience of team science consists primarily of qualitative 
ase studies employing structured interviews, surveys, 
nd observations of collaborative activities among re
earchers as they occur in offices and laboratories. Very 
ew experimental or quasi-experimental studies of 
ransdisciplinary collaboration in scientific and training 
ettings have been published (see Sonnewald115 for an 
xception to this trend), thereby precluding the possi
ility of determining causal relationships among key 
ariables. Nonetheless, systematic assessments of collab
rative processes and outcomes gained through com
arative case studies of transdisciplinary science and 

raining centers have yielded valuable insights about 
he contextual factors that facilitate or constrain intel
ectual integration spanning multiple fields. In this 
ection, some of the major themes that have emerged 
rom earlier studies of team science are summarized. 

endencies Toward Conflict 

onflict and tensions among members of a transdis
iplinary center or team stemming from divergent 
isciplinary world views, competing theoretical and 
ethodologic perspectives, different departmental af

liations, and dissimilar interpersonal styles hinder the 
ormulation of clear goals and their accomplish

ent.1,29,39,116 While disagreements and conflict can 
ontribute to knowledge construction, learning, and 

nnovation,117 it is important to negotiate these differ t

ugust 2008 
nces, as they can foster interpersonal tensions, social 
ragmentation and subgrouping, and non-overlapping 
even competing) agendas; eventually they can under
ine the collaboration’s ability to meet its goals.26,29 

vercoming such conflicts requires that members of a 
ollaboration establish familiarity with each other’s way 
f thinking. This is possible through the prolonged and 
egular exchange of ideas and the development of 
nformal personal relationships.117 Off-site retreats 
ave been shown to promote communication among 

eam members, reduce interdisciplinary tension, and 
timulate intellectual integration.26 Having common 
isions and goals, a strong motivation to achieve 
hem,29,72 and the will to make the collaboration suc
essful117 also help members to put their disagreements 
ehind them and move forward. The leadership skills 
f center directors, especially tactfulness in conflict 
esolution and the ability to encourage cooperation 
mong members, emerge as an important asset for the 
uccess of transdisciplinary teams.29,39 

ollaboration Readiness 

ollaborative-readiness factors (the presence or ab
ence of institutional supports for interdepartmental 
nd cross-disciplinary collaboration; the breadth of 
isciplines, departments, and institutions included in a 
articular center; the degree to which team members 
ave worked with each other on other projects; the 
patial proximity of the members’ offices or laborato
ies; and the availability of electronic linkages for 
fficient communication) strongly influence the team’s 

11,13,17,27,29,90,118rospects for success. Previous case 
tudies assessing collaborative outcomes in research 
enters and teams suggest that the more these contex
ual factors are present at the outset of the collabora
ion, the better a team’s prospects for achieving its 
ollaborative goals.26,119 

reparation and Practice 

he importance of preparation and practice for ensur
ng successful collaboration has been emphasized in 
rior evaluations of transdisciplinary centers and 

eams.14,26 Unrealistic expectations for complete coop
ration and harmony, along with ambiguity of goals 
nd intended outcomes, can impede the team’s collab
rative efforts. Members must be aware of the collabo
ative constraints, disagreements, and conflicts that 
hey are likely to encounter over the course of the 
roject and be prepared to dedicate considerable time 
nd effort toward establishing common ground both 
ntellectually and socially.10,11,21,27,120 Thus, transdisci
linary collaboration, to be effective, requires substan

ial preparation, practice, and sustained effort.29 
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onceptualizing the Ecology of Transdisciplinary 
eam Science and Collaborative Effectiveness 

he review of empirical literature on team perfor
ance presented in the preceding sections highlights 

he importance of certain factors, identified across 
ultiple research domains, that either enhance or 

inder the effectiveness of transdisciplinary collabora
ions. For example, the crucial roles played by exem
lary leaders of transdisciplinary initiatives, the impor
ance of establishing interpersonal trust and respect 
mong team members, and the organizational and 
echnologic aspects of collaboration readiness are 
mong the most-commonly-cited factors that exert 
trong influences on transdisciplinary collaborative 
rocesses and outcomes. An overview of the major 
actors that facilitate or constrain transdisciplinary col
aboration, identified in each of the four research 
omains reviewed above, is presented in Table 1. The 

acilitating and constraining influences on transdisci
linary collaboration listed there and derived from 
arlier studies of team performance provide an empir
cal and conceptual foundation for understanding 
he ecology of team science and establishing a typol
gy of contextual factors that jointly determine the 
ffectiveness of transdisciplinary research and train
ng initiatives. 

Although the indicators of team performance in 
ransdisciplinary collaborations vary (depending on the 
cientific and community problems being addressed; 
he scale of the collaboration [intra-organizational, 
nter-organizational, or intersectoral]; and center-
pecific goals and desired outcomes), certain structural 
eatures are nonetheless common to all transdisci
linary projects. First, transdisciplinary teams are inher
ntly diverse in their composition, are charged with 
omplex and difficult tasks, and can function in dy
amic and uncertain social environments. Second, 

ransdisciplinary collaborations are likely to be hybrid 
n nature, such that certain tasks requiring high struc
ural interdependence and coordination are combined 
ith others performed independently. Rewards in aca
emic settings, on the other hand, traditionally have 
een based on individual merit. Scientists’ contribu
ions to a field are generally evaluated in terms of their 
ingle- or co-authored publications. Third, transdisci
linary science teams in academia are likely to have a 
igher degree of autonomy compared to those working 

n corporations. Finally, many transdisciplinary collab
rations include members who are geographically 
ispersed. 
Earlier studies reveal the difficulties that teams can 

ncounter with the abovementioned circumstances. 
eterogeneous and hybrid teams often experience 

nterpersonal tensions and social fragmentation.53,91 

he ambiguity of goals, outcomes, and tasks makes 

ransdisciplinary teams susceptible to conflict.29 Uncer m

106 American Journal of Preventive Medicine, Volume 35, Num
ainty and instability—arising from changes in member
hip and administration, institutional policies, funding 
imitations, and time pressure—decrease the psycho
ogical safety of members and make the establishment 
nd maintenance of trust among members particularly 
hallenging. Moreover, the contexts in which teams 
ork change with time. How can these barriers to 

eamwork in transdisciplinary collaborations be over
ome or diminished, so that team members can reach 
heir intellectual potential? In the ensuing sections are 
utlined the major intrapersonal, interpersonal, orga
izational, physical environmental, technologic, and 
olitical and societal factors that influence the effec
iveness of team science, based on the literature 
eview presented earlier. A summary of these key 
actors situated at each level of analysis (i.e., intrap
rsonal through political and societal) is provided in 
able 2. 

ntrapersonal Factors 

ndividuals who value collaboration, support a culture 
f sharing, and embrace a transdisciplinary ethic are 

teams.13,39,109ell-suited for transdisciplinary Mem
ers’ collaborative readiness (gauged in terms of their 
reparedness for the uncertainties and complexities of 
ransdisciplinary teamwork,29 their methodologic flexi
ility,107 their openness to disparate disciplinary per
pectives and world views, and their willingness to 
evote substantial amounts of time both to learning 
bout others’ expertise and developing intellectual and 
ersonal relationships) appears to be crucial to the 
uccess of team science initiatives. The sharing of 
galitarian values,39 allegiance to ethical conduct and 
hared responsibility,121 and enthusiasm for achieving 
ollaborative goals further enhance the prospects of 
ransdisciplinary success. Other important consider
tions are the extent of collaborative experience that 
eam members have had with each other in the past 
nd their experience with transdisciplinary collabora
ion in general. A history of positive collaboration 
ncreases members’ readiness for effective teamwork 
ecause they share more common ground at the outset 
nd thus may not have to spend as much time estab
ishing and sustaining trust (compared to teams whose 

embers begin collaborating with little or no history of 
orking together on earlier projects).26,29,107,108,118,119 

In addition to team members’ characteristics, a team 
eader’s style plays a pivotal role in ensuring collabora
ive success. The most effective leaders in collaborative 
ettings are empowering, inclusive, and transforma
ional in their style; skillful in negotiating and resolving 
onflicts; and generous in offering constructive feed
ack and encouragement to colleagues. Those skills 
nable them to bolster trust and cohesiveness among 
eam members and to facilitate high levels of perfor
29,52,107,113ance. Moreover, dynamic leadership— 
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able 1. Factors facilitating or constraining collaborative effectiveness identified in four areas of team research 

rea Facilitating factors Constraining factors 

ocial psychology 
and organizational 
behavior 

yber-infrastructures 
for remote 
collaboration 

Social cohesiveness and familiarity among team 
members 

Flexibility to adapt to changing task 
requirements and environmental conditions 

Transformational and empowering leaders who 
have excellent tactical skills and are able to 
foster collaboration through their respectful 
and inclusive orientation toward team 
members 

Participatory group goal setting and decision 
making, encouraging active roles to be 
played by all members in reaching consensus 
on major goals and decisions 

Team development strategies such as 
experiential learning and appreciative 
inquiry to encourage members’ active 
participation 

Regular and effective communication and 
feedback among members to foster trust 

Organizational support for members’ diversity 
and heterogeneity, especially in intellectual 
and scientific endeavors 

Opportunities for face-to-face contact and 
relationship building 

Access to physical environment resources that 
support collaboration (e.g., comfortable 
meeting areas, distraction-free and private 
work spaces for individualized and small-
group tasks that require close concentration 
or confidentiality) 

Members share egalitarian values and mutual 
respect among team members throughout all 
stages of collaboration 

Technologic infrastructure readiness, including 
availability of adequate bandwidth, 
connectivity, and electronic communications 
equipment to support remote collaboration 

Collaboration readiness of team members and 
organizations (i.e., their willingness to share 
information cooperatively; the existence of 
incentives to participate in and sustain 
collaboration; and broad-based institutional, 

Groupthink and social loafing, sometimes 
arising from prolonged familiarity and rigid 
operating procedures 

Inflexibility in the face of changing task 
demands and environmental conditions 

Lack of adequate and regular communication 
and feedback, resulting in low levels of trust 
among members and social fragmentation 

Leaders whose styles are noncollaborative and 
exclusionary rather than collaborative and 
inclusive 

Too-small or too-large team size in relation to 
specific task requirements and collaborative 
goals 

Hybrid task and reward structures in which 
tasks require interdependent efforts among 
members but incentives are distributed on 
an individualistic and meritocratic basis 

Insufficient opportunities for face-to-face 
contact among members 

Failure to identify and utilize the resources of 
all group members 

Work environments that inhibit 
communication among team members, 
hinder privacy regulation, or are too 
distracting 

Noncollaborative rather than collaborative 
attitudes and values among team members 

Lack of adequate technical infrastructure such 
as networking, bandwidth, technical 
support, and appropriate hardware and 
software 

Technologic concerns about speed, data 
security, integrity, privacy, and effective 
access and retrieval that render distance 
collaboration complex and challenging 

Constrained audio and visual choices and the 
organizational, and administrative support) 

Technology readiness of users (i.e., their 
adaptation to habits and patterns of 
technology use such as familiarity with tools, 
making information accessible to others, 
providing regular and prompt feedback, and 
adequate preparation for meetings) 

Ample opportunities for face-to-face contact 
throughout all stages of remote 
collaboration 

Regular face-to-face meetings and socialization 
among remote team members to increase 
trust and to create and sustain group identity 

Sustained communication among members to 
establish common ground and reduce task-
related uncertainties 

use of media that are inappropriate for the 
task at hand 

Financial costs and expenditures of time and 
effort for establishing requisite 
infrastructure for distance collaboration 

Lack of experience and familiarity with the 
use of distance-collaboration tools 

Communication challenges in establishing 
team identity and trust due to the absence 
of shared physical settings along with 
nonverbal and spatial cues 

Absence of a culture of sharing information 
and non-alignment of reward structures to 
encourage collaboration and the use of 
collaboration tools 

Enthusiastic leaders strongly committed to 
effective remote collaboration 

Creation of new roles and communication 
patterns that enhance distance collaboration 
(continued on next page) 
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able 1. Factors facilitating or constraining collaborative effectiveness identified in four areas of team research (continued) 

rea Facilitating factors Constraining factors 

ommunity coalitions 
among scientists 
and practitioners 

valuative studies of 
transdisciplinary 
research centers 
and training 
programs 

Identification of common and clear goals, 
objectives, outcomes, and consensus among 
team members regarding their collaborative 
priorities 

Development of a shared statement of principles 
among coalition members and formalization of 
mutual benefits and responsibilities 

Continuity of collaboration throughout all phases 
of the coalition 

Joint development of operating norms that 
encourage open communication, inclusiveness, 
and shared decision making 

Prior positive experiences of collaboration with 
participating community organizations and 
their members 

Supportive, democratic, and empowering leaders 
who engage the participation of all members, 
encourage their cooperation, and are skilled in 
conflict resolution 

Members’ readiness for collaboration, including 
their cooperative orientation, methodologic 
flexibility, positive attitudes toward 
collaboration, and interpersonal 
communications skills and training 

Presence of well-developed electronic 
communication systems to encourage and 
sustain collaboration among team members 

Strong incentives to participate and remain 
involved (e.g., financial, training and 
education, public recognition, tenure and 
promotion) 

Sustained support by funding agencies to enable 
the coalition to accomplish its major goals 

Prior experience of positive collaboration with 
team members on earlier transdisciplinary 
projects 

Presence of a strong, shared vision; agreement 
on highest-priority goals and the timelines for 
achieving them 

Exemplary leadership skills of center directors, 
especially conflict-resolution skills and ability to 
encourage cooperation among members while 
easing tensions among divergent scientific 
world views and disciplinary perspectives 

Prolonged and regular exchange of ideas to 
encourage the development of positive and 
informal interpersonal relationships 

Presence of electronic systems (e.g., intranet and 
Internet sites) to facilitate regular 
communication among center members 

Spatial proximity of scientists’ offices and 
laboratories 

Physical environments that afford opportunities 
for face-to-face contact among center members 
(e.g., comfortable, shared-meeting areas; 
distraction-free office and laboratory settings) 

Members’ awareness of and preparation for the 
collaborative constraints, disagreements, and 
conflicts they are likely to encounter over the 
course of their collaboration; availability of 
training resources and negotiation strategies 
for resolving the tensions inherent in 
transdisciplinary research and training 

Disagreement and conflicts due to divergent 
understandings of the coalition’s goals and 
timelines among community practitioners 
and academic researchers 

Presence of unclear, ambiguous, and 
complex goals 

Conflicts arising from different scientific 
world views, disciplinary perspectives, and 
decision-making styles 

Inequitable distribution of decision-making 
power, information, time, resources, and 
control over the coalition’s action–research 
activities 

Perception of status differences between 
scientists and community practitioners 

Lack of trust and respect arising from 
negative experiences in prior collaborative 
projects 

Leaders who encourage secrecy, in-group 
exclusiveness, and interpersonal 
competition and confrontation 

Absence of adequate and regular 
communication among members 

Decline of members’ participation, 
involvement, or both, in coalition activities 
due to lack of time, personal costs, absence 
of strong incentives to participate, and 
competing institutional demands 

Uncertainties about and absence of sustained 
funding to support the coalition’s long-
term goals and activities 

Lack of experience among team members in 
working together on prior transdisciplinary 
research and training programs 

Lack of a shared vision among members 
about highest-priority goals and the 
timelines for achieving them 

Conflicts and tensions stemming from 
alternative disciplinary perspectives, 
multiple departmental affiliations, and 
contrasting interpersonal styles 

Lack of collaborative skills and management 
experience among available leaders 

Lack of both regular communication among 
team members and adequate cyber-
infrastructure to support frequent and 
effective exchanges of information 

Absence of institutional supports and 
organizational incentives to sustain 
interdepartmental and inter-university 
collaboration 

Lack of physical environments (e.g., shared 
team-space) that encourage face-to-face 
contact among members of 
transdisciplinary research centers and 
training programs 

Lack of training programs to enhance team 
members’ readiness for collaboration in 
transdisciplinary research and training 
activities; unrealistic expectations for 
complete cooperation and harmony among 
initiatives team members 
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Table 2. Key contextual factors that influence transdisciplinary  team effectiveness  at each level  of analysis  

Intrapersonal  Interpersonal Organizational/institutional Physical/environmental Technologic  Sociopolitical 

Members’  attitudes and  values Regular and  effective social Presence of strong Spatial proximity of  An organization’s Easing of 

during the formation  of a and  intellectual organizational incentives  to team members’ technologic international 

transdisciplinary  communications to encourage participation and offices and infrastructure  tensions through 

collaboration,  such as establish common sustain  collaborative laboratories to readiness, or  access cooperative 

valuing  collaboration, ground,  overcome task- orientation  among  members encourage informal to necessary policies that 

supporting a culture of related uncertainties,  and Broad-based institutional  contact and bandwidth, encourage  

sharing,  embracing  a develop consensus  support for intradepartmental communication electronic exchanges of 

transdisciplinary  ethic, and around  a shared vision  and inter-university  Availability of networking scientific 

sharing  egalitarian  values and  collective goals  collaboration through comfortable meeting capabilities, information and 

Members’  collaborative Diversity of  members’ modifications  of areas for group linkages between transdisciplinary 

readiness  in terms of their knowledge  and skills  organizational structures and discussion  and sites, and technical collaboration 

openness to other Members’ ability to learn administrative  routines (e.g.,  brainstorming support  for remote  among scientists 

disciplinary  perspectives; about  each  other’s merit  and promotion activities collaboration from  different 

willingness  to  devote large expertise and create a procedures in academic Access to distraction- Provisions  for high- regions of the 

amounts time  and  effort to  hospitable conversational settings)  free work spaces for level data security, world  

building  personal space Nonhierarchic arrangements individualized  tasks integrity, privacy, Enacting policies and 

relationships;  and Mutual respect among  that provide autonomy to requiring rapid  retrieval, and protocols  to 

preparedness for the team members team members and concentration, long-term archival support  effective 

uncertainties,  tensions,  and  Members’ familiarity and encourage participatory goal confidentiality, or  access, and transdisciplinary 

complexities  inherent in social cohesiveness,  setting  and decision making  both technologies that collaboration, such 

transdisciplinary  teamwork coupled with their  ability Breadth of disciplinary  Physical environments facilitate the as those ensuring 

Members’  collaborative to adapt flexibly  to perspectives represented that support formation of ethical scientific 

experiences  with  each  other changing  circumstances, among  team members members’ efforts  to knowledge and conduct and 

on earlier  projects remain open  to new Scheduling  of retreats and regulate their social networks management of 

Presence of exemplary leaders perspectives, and informal  social events  to interpersonal privacy Members’  technologic intellectual 

who are  empowering,  challenge existing  encourage informal contact and accessibility to readiness, including property  ownership 

inclusive,  and assumptions and  and communication among others over the their knowledge of and licensing 

transformational;  a  procedures members  course of their and familiarity with Occurrences of 

participatory  leadership Assurances of long-term  support collaboration various electronic adverse global 

style  that  enables all by funding  agencies  so that information and environmental 

members  to play  an  active teams  have more time  to communication changes and public  

role  in  team goal-setting establish  trust, build tools, protocols,  health problems  

and decision-making  relationships,  and accomplish codes of conduct that prompt  

activities  their  goals for distance intersectoral and 

collaboration, and international 

the effectiveness of transdisciplinary 

their collaboration in 

communication scientific research 

styles and training 

programs  
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hereby members share authority and responsibility 
ccording to the shifting requirements of their tasks— 
essens the pressures felt by single individuals while 
nabling all members to play an active role in team 
ecision making and activities.61 

nterpersonal Factors 

nterpersonal communication has been found in earlier 
tudies1,13,26 to be a critical determinant of collaborative 
ffectiveness. Because of the inherent diversity of transdis
iplinary teams, regular and effective intellectual and 
ocial communications are necessary so members can 
larify roles, task requirements, collective goals, and 
ntended outcomes as well as learn about their col
eagues, understand and respect their alternative per
pectives, and eventually transcend disciplinary and 
epartmental boundaries to develop novel conceptual 
rameworks for understanding and solving the prob
ems under investigation. If members are to learn from 
ach other as the team develops, build a shared identity 
nd a hospitable conversational space, strengthen col
aborative processes, and ease interdisciplinary ten
ions, they must be able to engage in ongoing, mutually 
espectful, and constructive communication. Such 
ommunication, by enabling them to develop a shared 
ision and articulate common goals and by encourag
ng positive imagery and appreciative inquiry, empow
rs them to surpass obstacles and achieve those goals.85 

urthermore, it is important that members be able to 
dapt to changing circumstances and remain open to 
ew perspectives, particularly as the team matures and 
ecomes more cohesive. The capacity of team members 
o adapt to new situations and challenge their existing 
ssumptions and procedures is a crucial ingredient of 
ollaborative success.60,63,64 

rganizational and Institutional Factors 

 prerequisite for sustaining motivation among partic
pants in team science initiatives is the presence of 
trong organizational incentives.107,109 For instance, an 
mportant incentive for motivating junior researchers 
o participate actively in transdisciplinary research and 
raining initiatives is greater recognition for collabora
ive work through changes in university tenure and 
romotion policies.23,24 Institutional support for in
radepartmental and inter-university collaboration can 
e increased through the modification of organiza
ional structures and routines.17 Nonhierarchic orga
izations that encourage participatory goal setting 
nd decision making foster inclusiveness and more-
ffective collaboration. Assurances of long-term 
unding by public agencies and private foundations 
lso provide team members more time to develop the 
elationships and trust so critical for collaborative 

uccess. m

110 American Journal of Preventive Medicine, Volume 35, Num
An organization’s collaboration readiness—reflected 
n the extent of its collaborative activities, breadth of 
isciplines, culture of sharing information, equitable 
ccess to information and technology, preparation for 
eetings, and ample opportunities for brainstorming 

ew ideas—contributes in important ways to effective 
ollaboration.29,90 Because team science projects re
uire substantial time expenditure for group meetings 
nd brainstorming sessions, participating organizations 
ust recognize and reward members for engaging in 

ollaborative activities by providing organizational, en
ironmental, and technologic support and incentive 
tructures. 

hysical Environmental Factors 

ne strategy for encouraging communication, trust, 
nd the integration of intellectual ideas is to maximize 
patial proximity among members’ offices and labora
ories.29 Where this arrangement is not feasible, it 
ecomes important to schedule regular face-to-face 
eetings, social gatherings, retreats, and other oppor

unities for team members to meet and communicate. 
arlier studies29 also indicate that reduced spatial, 

emporal, and emotional cues in remote collaborations 
ender interpersonal trust fragile, and are often associ
ted with misunderstandings, conflict, and social frag
entation. Face-to-face contact prior to engaging in 

emote collaboration is essential in establishing some 
egree of trust at the outset of the project.90 At the 
ame time, earlier studies69–71 of team environments 
uggest the importance of providing environmental 
upport (e.g., access to distraction-free work spaces 
nd comfortable meeting areas) to facilitate mem
ers’ regulation of interpersonal privacy and their 
articipation in both individualized tasks requiring 
igh levels of concentration or confidentiality and 
ollective activities involving group discussion and 
rainstorming. 

echnologic Factors 

echnologic readiness and technologic infrastructure 
eadiness90 strongly influence remote as well as place-
ased collaborations. The organization’s technologic 

nfrastructure readiness—access to necessary band
idth, electronic-networking capabilities, linkages be

ween sites, and technical support—is a vital compo
ent of successful transdisciplinary collaborations.90 

roviding data security, integrity, privacy, rapid re
rieval, long-term archival access, and technologies that 
acilitate the formation of knowledge and social net
orks has been found to enhance remote scientific 
ollaborations.46,72 Members’ technologic readiness, 
ncluding their familiarity with various electronic infor
ation and communication tools, protocols, and codes 
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f conduct as well as the effectiveness of their commu
ication style, is directly related to the team’s prospects 

or achieving its scientific goals through remote trans-
isciplinary collaboration.90 

olitical and Societal Factors 

he easing of political barriers through cooperative 
nternational policies and the reduction of tensions 
etween nations can encourage the initiation and longer-
erm success of transdisciplinary science collabora
ions.28,122,123 At the same time, global environmental 
hanges and health challenges have spawned large-
cale international collaborations for scientific re
earch and community health promotion, exempli
ed by the WHO’s Healthy Cities Program.124 –126 At 
tate and national policymaking levels, the enact
igure 1. Typology of contextual factors influencing transdisciplin

ugust 2008 
ent of protocols for ensuring ethical scientific 
onduct, adjudicating claims to intellectual property 
wnership and licensing, and protecting animal and 
uman subjects’ rights provide the legal foundations 

or conducting effective large-scale transdisciplinary 
ollaborations.72,127 

A diagrammatic representation of these broad cate
ories of contextual influences on transdisciplinary 
esearch and training programs is provided in Figure 1. 
he multiple categories of contextual factors shown 

here provide a typology of key variables that influence 
he effectiveness of transdisciplinary collaborations, 
rouped according to the intrapersonal, interpersonal, 
rganizational, institutional, physical environmental, 
echnologic, and political and societal levels of analysis 
iscussed above. 
ary scientific collaboration 
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esigning and Managing the Ecology of Team 
cience to Enhance Collaborative Effectiveness in 
ransdisciplinary Research and Training 

his concluding section focuses on an important issue 
aised at the outset of the article—namely, the need to 
etter understand the contextual determinants of col

aborative success as a basis for making future invest
ents in large-scale team science initiatives more stra

egic (i.e., scientifically productive and financially cost 
ffective). Having reviewed the empirical evidence for 
ontextual determinants of team performance across 
our distinct areas of research, this study addresses 
elow the practical implications of that evidence for 
uture efforts to enhance the success of transdisci
linary science initiatives. 
The sheer diversity of transdisciplinary research and 

raining programs (reflected in their different struc
ural features, stated goals, and effectiveness criteria) 
uggests that the contextual factors most crucial for 
ollaborative success will vary from one initiative to 
nother. For example, having an adequate technologic 
nfrastructure in place at remote sites is an essential 
rerequisite for effective distance collaboration but may 
ot be as crucial for the members of a transdisciplinary 

eam who work together at the same location.46,90 Simi
arly, community-based program champions and multiple 
eaders representing different organizations enhance the 
ffectiveness of inter-organizational and intersectoral 
ransdisciplinary coalitions, but may not be necessary 
or the success of transdisciplinary research centers 
inked primarily to academic institutions.112 Thus, 
here is no one-size-fits-all set of contextual factors that 
an be expected to exert the same degree of influence 
n collaborative outcomes for all research teams and 
ettings; nor are precise algorithms available for gaug
ng the relative contributions of multiple contextual 
ariables (e.g., those listed under each level of analysis 
hown in Figure 1) to collaborative success. For any 
iven initiative, at least some of the important determi
ants of effective collaboration are likely to be specific 

o the type of transdisciplinary project or program 
ndertaken (e.g., single versus multiple organizations 
nd locations, large versus small numbers of partici
ants and disciplinary perspectives). 
At the same time, this review of the scientific litera

ure on team performance identified certain intrap
rsonal and situational variables (e.g., empowering-
eadership styles, the regularity and effectiveness of 
eam communication, opportunities for informal face
o-face contact, members’ readiness and preparation 
or transdisciplinary collaboration) that emerged across 

ultiple research domains as important contributors to 
ollaborative success within a broad array of transdisci
linary projects and programs (e.g., university-based 
esearch teams, community coalitions for health pro

otion, intersectoral partnerships for policy change). t

112 American Journal of Preventive Medicine, Volume 35, Num
oreover, these factors may act synergistically in some 
ollaborative settings to influence team processes and 
utcomes in an interactive or cumulative fashion.29,112 

What are the implications of these findings for 
esigning and managing effective team science initia
ives? Generally speaking, the evidence on team perfor

ance suggests the value of optimizing as many factors 
s possible that have been found to facilitate collabora
ive success (i.e., those listed in Tables 1 and 2) 
henever a new team science initiative is developed 
nd implemented. The research literature also sug
ests, however, that not all of the conditions listed 
nder each analytic level of the proposed typology 
Figure 1) must be present in all instances to ensure 
hat a particular initiative is effective. Furthermore, efforts 
o optimize an unlimited array of contextual resources for 
ll team science initiatives would be neither feasible nor 
ustifiable in terms of cost-effectiveness criteria, espe
ially considering the recent criticisms of team sci
nce and concerns about budgetary appropriations 
or transdisciplinary research programs versus single-
nvestigator grants.18,19 Thus, a more compelling strat
gy for developing and managing team science initia
ives is to match the particular goals and structure of a 
ransdisciplinary research program with targeted invest

ents in those contextual resources (e.g., collabora
ion-readiness factors) that are specific to the project at 
and and are most likely to be essential for its success. 
Accordingly, it is useful to distinguish between the 

ontextual determinants of collaborative success that 
re highly specific to the requirements of a given 
nitiative and other, more broadly influential factors 
hose effects extend across a wider array of transdisci
linary research settings and programs. Before a team 
cience initiative is launched, efforts should be made to 
nsure that, at a minimum, project-specific require
ents for collaborative success are present at the outset 

e.g., access to the requisite electronic infrastructure 
mong team members who must coordinate their ef
orts across remote sites). To the extent that additional 
nvestments can be made to ensure that other generally 
nfluential conditions for success are present (e.g., 
eaders who have extensive experience in managing 
istance collaboration, frequent face-to-face meetings 
mong team members over the course of a multisite 
ollaboration), they should be undertaken to further 
mprove the prospects for collaborative success. 

When deciding how to allocate program-development 
unds (either to project-specific requirements alone or 
o a larger set of collaboration-readiness factors that 
nclude both project-specific and more generally influ
ntial determinants of success), it is important to 
onsider the degree of complexity inherent in the 
roposed transdisciplinary science initiatives. Transdis
iplinary science projects and programs can be arrayed 
long a continuum of complexity, ranging from simple 

o highly complex. 
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Key determinants of the complexity of transdisci
linary initiatives include: (1) the number of scientists 
articipating in the initiative (e.g., a solo investigator 
orking at the interface of two or more fields, a group 
f 2–3 scientists working at the same site, or 15–30 
cientists collaborating across multiple organizations 
nd geographic locations); (2) the diversity of disci
linary perspectives and scientific world views repre
ented among participants, ranging from relatively 
imilar to widely divergent; (3) the anticipated dura
ion of the project or program (e.g., a 1–2 year 
roject compared to a 5–10-year research and train

ng initiative); (4) whether participants are working to 
ccomplish a small or large number of programmatic 
oals (e.g., scientific discovery and integration, the 
ffective training of new transdisciplinary scientists, 
ranslations of scientific findings into community 
ealth programs and policy initiatives, the improve
ent of population health outcomes); and (5) the 

rganizational, analytic, and geographic scope of an 
nitiative, reflected in the number of organizations, 
evels of analysis, and geographic sites incorporated 
ithin a particular program. 
Earlier studies of transdisciplinary collaboration sug

est that the more complex a transdisciplinary science 
nitiative is, the larger the number of both project-
pecific and general collaboration-readiness factors re
uired to ensure its success. For instance, many, if not 
ost, of the contextual influences on collaborative 

ffectiveness identified in earlier social psychological 
nd organizational behavior studies (e.g., exemplary 
eadership styles, electronic communications infrastruc
ure, training programs to prepare participants for the 
ensions inherent in transdisciplinary teamwork) 
hould be less important to the success of individual 
cientists or very small teams of researchers working at 
he same site than the success of larger and more-
iverse teams that are attempting to collaborate across 
ultiple locations and establish translational partner

hips with health practitioners and non-academic orga
izations in the local community. Similarly, to the 
egree that a transdisciplinary initiative has established 
 large number of diverse goals spanning scientific, 
raining, policy, and public health outcomes, the con
extual circumstances required to facilitate the attain

ent of those goals and the criteria for evaluating the 
eam’s effectiveness in meeting them become more 
aried and complex (vis-à-vis initiatives whose major 
ollaborative goals are more narrowly targeted). 

In sum, the preceding review of the research on team 
erformance suggests that investments in team science 

nitiatives should be allocated strategically prior to 
nitiating new transdisciplinary research and training 
rograms and be tailored to match the complexity of 
heir goals and organizational structure. To accomplish 
his matching, it is important that project-specific audits 

e conducted to ascertain which of the contextual 

ugust 2008 
actors outlined in Table 2 and Figure 1 should receive 
he greatest priority and investment of resources prior 
o the launch of a new transdisciplinary program. 
specially for more-complex transdisciplinary science 
nd training initiatives that include large numbers of 
articipants, encompass diverse goals, and span multi
le organizations and sites, leaders should be chosen 
arefully to include individuals who have prior experi
nce managing large-scale transdisciplinary programs 
nd interpersonal styles that promote effective collab
ration. Furthermore, new training programs for par
icipants in large-scale team science initiatives should 
e developed to better prepare them for the challenges 
nd complexities that often arise in transdisciplinary 
ollaborations.128 Finally, grant funding to support the 
stablishment of long-term transdisciplinary research 
enters and programs should be targeted not only to 
rospective applicant teams that have demonstrated 
igh levels of collaboration readiness prior to their 

nitiation of the proposed project, but also to relatively 
ess-experienced teams that show great scientific prom
se and whose collaborative success may be accelerated 
y targeted investments of funding aimed at increasing 
heir readiness and resources for collaboration (e.g., 
he provision of shared research space, electronic in
rastructure, or transdisciplinary training modules). 
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esearch 

 Literature Review 
ulie T. Klein, PhD 

bstract:	 Interdisciplinarity has become a widespread mantra for research, accompanied by a 
growing body of publications. Evaluation, however, remains one of the least-understood 
aspects. This review of interdisciplinary and transdisciplinary research evaluation catego
rizes lessons from the emergent international literature on the topic reviewed in 2007. It 
defines parallels between research performance and evaluation, presents seven generic 
principles for evaluation, and reflects in the conclusion on changing connotations of the 
underlying concepts of discipline, peer, and measurement. Interdisciplinary and transdisci
plinary research performance and evaluation are both generative processes of harvesting, 
capitalizing, and leveraging multiple expertise. Individual standards must be calibrated, 
and tensions among different disciplinary, professional, and interdisciplinary approaches 
carefully managed in balancing acts that require negotiation and compromise. Readiness 
levels are strengthened by antecedent conditions that are flexible enough to allow multiple 
pathways of integration and collaboration. In both cases, as well, new epistemic commu
nities must be constructed and new cultures of evidence produced. The multidisciplinary– 
interdisciplinary–transdisciplinary research environment spans a wide range of contexts. 
Yet seven generic principles provide a coherent framework for thinking about evaluation: 
(1) variability of goals; (2) variability of criteria and indicators; (3) leveraging of 
integration; (4) interaction of social and cognitive factors in collaboration; (5) manage
ment, leadership, and coaching; (6) iteration in a comprehensive and transparent system; 
and (7) effectiveness and impact. 
(Am J Prev Med 2008;35(2S):S116–S123) © 2008 American Journal of Preventive Medicine 
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nterdisciplinarity has become a widespread mantra 
for research, accompanied by a growing body of 
publications. Evaluation, however, remains one of 

he least-understood aspects. In the past, discussions 
f interdisciplinary and transdisciplinary evaluation did 
ot constitute an identifiable literature. They were 
cattered across multiple forums, and they were longer 
n anecdotal, intuitive, and normative perspectives 
han on empirical, longitudinal, and large-scale studies. 
n the absence of clear guidelines, Laudel and Origgi1 

ecount, faculty and administrators had to “muddle 
hrough.” The three clusters of work in Figure 1,1–28 

hough, form an emergent international literature 
dentified in 2007 by cross-referencing publication cita
ions, significant addresses, and discussions in elec
ronic networks focused on the topic. Cluster 1 spans an 
nternational body of studies recognized in the April 
006 benchmark issue of Research Evaluation on inter-

rom the Interdisciplinary Studies Program/Department of English, 
ayne State University, Detroit, Michigan 
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t
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isciplinary research assessment.2 Cluster 2 centers on 
he concept of transdisciplinary team science in the 
.S. highlighted in this supplement to the American 

ournal of Preventive Medicine.14 Cluster 3 encompasses 
tudies from the European transdisciplinary movement 
or trans-sector, problem-oriented research involving 
he participation of stakeholders in society. 

The contexts of interdisciplinary and transdisci
linary research vary greatly, as well as the attendant 
ethodologies and conceptual frameworks. Yet cross

utting themes provide a comparative framework for 
hinking about evaluation that draws insights from 
ualitative and quantitative studies. This review defines 
arallels between research performance and evalua
ion, and then presents seven generic principles for 
valuation. The conclusion addresses implications for 
he underlying concepts of discipline, peer, and measure
ent. Interdisciplinary and transdisciplinary research 
erformance and evaluation are both generative pro
esses of harvesting, capitalizing, and leveraging multi
le kinds of expertise. Individual standards must be 
alibrated and tensions among different approaches 
arefully managed in balancing acts that require nego

iation and compromise. Readiness levels are strength
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igure 1. Clusters of emergent literature 

ned by antecedent conditions that are flexible enough 
o allow multiple pathways of integration and collabo
ation. Appropriate epistemic communities must also 
e constructed and new cultures of evidence produced. 
Research in the multidisciplinary–interdisciplinary– 

ransdisciplinary environment is not a set of mutually 
xclusive categories. Research is too complex, Spaapen 
t al.24 advise, to be put into boxes that ignore the 
articularities of context. In their introduction to this 
upplement, Stokols et al.15 present recognized distinc
ions between multidisciplinary juxtapositions of disci
linary approaches and more robust interdisciplinary 

ntegrations and collaborations. In defining transdisci
linary, they adopt Rosenfield’s connotation20 of a 
rocess in which members of different fields work 
ogether over extended periods to develop novel con
eptual and methodologic frameworks with the poten
ial to produce transcendent theoretical approaches. 
his connotation is consistent with the earliest defini

ion of transdisciplinary6 as a common axiom that tran
cends separate disciplinary perspectives, exemplified 
y the overarching syntheses of general systems and 
cology. A second major connotation in the European 
ransdisciplinary movement should also be acknowl
dged: trans-sector, problem-oriented research involving 
 wider range of stakeholders in society. Both connota
ions are necessary for a full understanding of the spec
rum of interdisciplinary and transdisciplinary research. 

The evaluation of interdisciplinary and transdisci
linary research is a complex task. More than one disci
line, profession, and field—or perhaps all three—are 
nvolved. Levels and subsystems differ, ranging from small s

ugust 2008 
rojects to national research systems, from the personal 
nd interpersonal to organizational and systemic scales, 
nd from academic settings to trans-sector projects with 
xternal stakeholders. Criteria also vary across stages, 
rom ex ante to ex post assessments, and programs and 
rojects differ by knowledge domain, institutional loca

ion, goals, and type of integration. The scope of integra
ion, in turn, varies from middle-range and narrow-
auged or horizontal forms of interdisciplinarity among 
eighboring disciplines with compatible epistemologies 

o broad-gauged, vertical, and grand-scale forms among 
isciplines with more divergent epistemologies.16,18 In 
hort, as Feller3 emphasized in a 2006 symposium on 
nterdisciplinary research evaluation at the American 
ssociation for the Advancement of Science (AAAS), 

he reality of interdisciplinary evaluation is shaped by 
ultiples: multiple actors making multiple decisions in 

aried organizational settings with context-dependent 
easures of quality. As a result, Spaapen et al.24 add, 

uality is a relative concept determined by relations 
ithin the environment of a group and their goals. 
esearch must “attune a pluralism of interests and 
alues” within a dynamic set of programs and contexts 
nd with a variegated group of stakeholders.24 

The heterogeneity of the multidisciplinary–interdis
iplinary–transdisciplinary environment defies the quest 
or a single best procedure for research performance 
r evaluation. Yet the emergent literature,1–5,7–28 

uggests seven generic principles of evaluation (Table 1): 
1) variability of goals; (2) variability of criteria and 
ndicators; (3) leveraging of integration; (4) interaction of 

ocial and cognitive factors in collaboration; (5) manage-
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T

P
n

1
2
3
4

5

6

7

m
p
a
t
f

P

I
d
o
L
fl
u
e
h
p
a
m
p
t
p
a
w
s
o
t
d
n
a
c
fi
q

t
s
e
r
m
h
t
a
h

b
m
p
c
o
e
d
w
a
c
C
i
i
n
a
s
o

P

T
a
v
b
i
i
t
a
c
“
s
w
l
b
q
k
r
w
c
s
e
a
s
f
u

T
f
c
d
s
g
c
f
s
t

S

able 1. Correlation of principles and references 

rinciple 
umber Evaluation principles 

 Variability of goals5,7,11 

 Variability of criteria and indicators7,12,28 

 Leveraging of integration7,14–16,18,19,22,23,28 

 Interactions of social and cognitive factors 
in collaboration16,18,21,22,24,27,28 

 Management, leadership, and 
coaching7,9,11,17,19,22,24 

 Iteration in a comprehensive and 
transparent system16,18,21,24 

 Effectiveness and impact12,22,23,28 

ent, leadership, and coaching; (6) iteration in a com
rehensive and transparent system; and (7) effectiveness 
nd impact. Klein4 defined these principles earlier, but 
hey are placed here within an expanded comparative 
ramework that incorporates new work. 

rinciple #1. Variability of Goals 

nterdisciplinary and transdisciplinary research are not 
riven by a single goal. Based on a comparative analysis 
f evaluation procedures in Europe and the U.S., 
angfeldt5 concluded that sensitivity to context and 
exibility are fundamental. Two studies7,11 in Cluster 1 
nderscore the principle of variability. When an Acad
my of Finland integrative research team examined 
ow well the Academy was accommodating interdisci
linary research in all funding categories based on the 
nalysis of research proposals and interviews,11 the 
ost important reason cited for selecting an interdisci

linary approach was typically an epistemological goal: 
he production of new and broad knowledge of a 
articular phenomenon. Informants also cited new 
pproaches that are interesting and hold potential as 
ell as synergies stimulated by sharing knowledge, 

kills, or resources. Others mentioned the development 
f technical equipment or products such as informa
ion technology protocols, medicines, and measuring 
evices. Broadly speaking, methodological interdiscipli
arity dominated over more-challenging conceptual 
nd theoretical forms, achieved typically by combining 
oncrete methods or research strategies from different 
elds in order to test a hypothesis, answer a research 
uestion, or develop a theory. 
A similar variety of goals appeared when a team from 

he Interdisciplinary Studies Project at Harvard Univer
ity7 interviewed researchers in five organizations with 
xtensive experience in conducting interdisciplinary 
esearch. In a project involving physicists assessing their 
athematical theories of innovation and network be

avior, researchers favored qualities such as “the ability 
o predict” unstudied social and biological phenomena 
nd “tangible success” in explaining something that 

ad not been explained previously. In a project com m

118 American Journal of Preventive Medicine, Volume 35, Num
ining physiology, molecular biology, nanophysics, and 
aterials science, scientists valued creation of an “un

recedented entity”: for example, a vascularized artifi
ial liver that “works” and has a “transforming effect” 
n organ transplantation surgical practice. Researchers 
ngaged in pragmatic problem solving and product 
evelopment placed a higher premium on viability, 
orkability, and impact, while contributions seeking 
lgorithmic models of complex phenomena were asso
iated with simplicity, predictive power, and parsimony. 
ontributions seeking a more-grounded understand

ng of multidimensional phenomena, such as lactose 
ntolerance or organ donation, favored work reaching 
ew levels of comprehensiveness, careful description, 
nd empirical grounding.7 The key implication of this 
tudy is that variability of goals in turn drives variability 
f criteria and indicators of quality. 

rinciple #2. Variability of Criteria and Indicators 

he Harvard team7 identified two approaches to the 
ssessment of interdisciplinary quality based on inter
iew results. The first—conventional metrics—has 
een privileged traditionally. Informants reported be

ng judged typically on indirect or field-based quality 
ndicators: numbers of patents, publications, and cita
ions; prestige rankings; and the approval of peers 
nd a broader community. Hence, the first epistemic 
riterion in the study was consistency with multiple
antecedent disciplinary knowledge.” Credibility was 
trengthened by “fit” with disciplinary antecedents. Yet 
hen work violated fundamental tenets or revealed 

imitations, additional justification was required.7 Field-
ased measures, informants indicated, sidestep the 
uestion of what constitutes warranted interdisciplinary 
nowledge by relying on the social procedures of peer 
eview, inter-subjective agreement, and consensus on 
hat constitutes acceptable results. Informants were often 
ritical of such “proxy” criteria, believing that they repre
ent a strictly disciplinary assessment. More primary or 
pistemic measures of “good” work are needed that 
ddress the substance and constitution of the research, 
uch as experimental rigor, aesthetic quality, fit between 
ramework and data, and the power to address previously 
nsolved questions in a discipline.28 

Other studies12 affirm the principle of variability. 
he 2004 report Facilitating Interdisciplinary Research12 

rom the U.S. National Academies of Science (NAS) 
ites outcomes in and feedback to multiple fields or 
isciplines; expanded expertise, vocabularies, and tool 
ets; the ability to work in more than one discipline; a 
reater proclivity toward interdisciplinary and transdis
iplinary collaboration; and a widened sphere of pro
essional reading. Individuals responding to national 
urveys preliminary to the report also cited participa
ion in new subfields and departments as well as 
ultidisciplinary advisory or review groups; new formal 

ber 2S www.ajpm-online.net 
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ffiliations; and the co-mentoring of doctoral students. 
hanging career trajectories were gauged by new ap
ointments, recognition within and outside a person’s 
riginal field, and, in areas such as sustainability and 
ealth outcomes, new public-policy initiatives and al

ered protocols in health management.12 

rinciple #3. Leveraging of Integration 

tudies of interdisciplinary and transdisciplinary re
earch call attention not only to outcomes but also to 
he quality of the process. Integration is widely consid
red the crux of interdisciplinarity,29 and Krott23 deems 
ntegration the critical point for evaluation in transdisci
linary projects. Likewise, the Harvard Project7 high

ighted the epistemic criterion of balance in weaving 
erspectives into a coherent whole, and integration was 
ne of four “hot spots” identified in the 2006 AAAS 
ymposium, in the form of “reaching effective syntheses.”7 

he heart of the process, Boix-Mansilla28 explains, is 
everaging integration. In linking processes of intellectual 
ntegration and collaboration, the introduction to this 
upplement15 and studies18 of the Transdisciplinary To
acco Use Research Centers (TTURCs) also stress the 
ole of antecedent conditions, including frequent oppor
unities for communication, structural support, and a 
ransdisciplinary ethic. 

Two sets of guidelines19,22 stress the importance of 
ngaging integration from the beginning. Klein’s 
Guiding Questions for Integration”19 was created for 
x ante evaluation of grant proposals in the TTURCs 
rogram and subsequently revised for Land & Water 
ustralia’s key document on integration in natural re

ource management. Klein highlights a number of evalu
tion questions aimed at fostering integration and moni
oring relationships among organizational, methodologic, 
nd epistemologic components of a project or program. 
s the spectrum of disciplines and fields too narrow or too 
road for the task at hand? Have relevant approaches, 
ools, and partners been identified? Is the structure flex
ble enough to allow for shifting groupings of individuals 
nd context-related adaptations, deletions, and additions? 
as synthesis unfolded through patterning and testing 

he relatedness of materials, ideas, and methods? Have 
nown integrative techniques been utilized, such as the 
elphi method, scenario building, general systems the
ry, and computer analyses of stakeholders’ perspectives? 
nd, is there a unifying principle, theory, or set of 
uestions that provides coherence, unity, or both? 
Defila and DiGiulio’s22 catalogue of criteria emerged 

rom a study of trans-sector transdisciplinary research 
ommissioned by the Swiss National Science Foundation. 
he catalogue provides a comprehensive set of building 
locks to help construct either a self-evaluation or an 
xternal evaluation of a research program. The power of 
he generative approach to evaluation lies in its flexibility. 

ll categories in the catalogue of criteria may not apply at a

ugust 2008 
ll phases (e.g., scientific quality or integration/synthesis 
r project organization/management). The timing and 
umber of evaluations can also be adjusted throughout 
tages, and the questions of who performs the evaluation 
nd the weighting of criteria are left open, too. 

rinciple #4. Interaction of Social and Cognitive 
actors in Collaboration 

he studies of transdisciplinary collaboration in Clus
ers 2 and 3 (Figure 1) emphasize the interaction of 
ocial and cognitive factors. While recognizing familiar 
ndicators such as publications, the logic model that 
merged from studies of the TTURCs accords greater 
eight to collaboration and does not sharply separate 
ognitive–epistemic and social factors.16,18 Compara
ly, Spaapen et al.24 describe research in the multidis
iplinary–interdisciplinary–transdisciplinary environment 
s a “social process of knowledge production.” Studies 
f interdisciplinary collaboration concur (Amey and 
rown,30 Derry et al.31). In Cluster 1 (Figure 1), Boix
ansilla28 highlights the need to calibrate separate stan

ards while managing tensions through compromise and 
egotiation. The ongoing and systematic communica
ion of research partners and subprojects lessens the 
ikelihood of shortfalls of integration. The clarification 
nd negotiation of differences lessen misunderstanding 
nd strengthen the conditions for consensual modes of 
ork. Intellectual integration is leveraged socially 

hrough mutual learning and joint activities that foster 
ommon conceptions of a project or program and 
ommon assessments. Mutual knowledge emerges as 
ovel insights are generated, disciplinary relationships 
edefined, and integrative frameworks built. Within a 
eterogeneous mix of disciplines, though, compro
ises must be made, and the best option may be a 

artial, negotiated consensus. 
Drawing on experiences in trans-sector transdiscipli

arity within European landscape studies, Aenis and 
agel21 formulated two axiomatic considerations for 

valuation: the meta-level of interdisciplinarity (com
unication among researchers) and participation 

communication between researchers and regional ac
ors). Communication and negotiation also lie at the 
eart of the Evalunet Guide for Formative Evaluation of 
esearch Projects,27 an initiative of the Institute for Social– 
cological Research in Germany. The question-based 
uide provides both basic and detailed criteria based 
n the empirical study of projects in European research 

nstitutes. Evaluation is defined a collaborative and 
iscursive learning process. Individuals first address 
uestions by themselves, and then arrive at a common 
lan together, rather than imposing a priori a universal 
coring method. Like the Defila and DiGiulio cata
ogue,22 the detailed criteria of the Evalunet guide are 

lso flexible. 

Am J Prev Med 2008;35(2S) S119 
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rinciple #5. Management and Coaching 

ompetence, Klein19 and Defila and DiGiulio22 also 
oncur, is defined partly in terms of how well the 
anagement of projects and programs implements 

onsensus building and integration. Therefore, evalua
ion must consider how well the organizational struc
ure fosters communication, including networking 
mong subprojects. The organizational chart and task 
istribution must allow time for interaction, joint work 
ctivities, common instruments, and shared decision 
aking. If a group is pushed too quickly toward inte

ration, the crucial activities of building rapport and 
xploring ways to understand how each discipline 
pproaches a research question are shortchanged, ulti
ately shortchanging the quality of the integration. 
omparably, as participants7 in the 2006 AAAS sympo

ium exhorted, in the peer-review process expertise 
ust be carefully managed if panelists are to calibrate 

heir individual beliefs about the meaning of quality. 
Leadership is another prominent theme. Gray17 in 

his supplement categorizes three types of leadership 
asks for transdisciplinary research. Cognitive tasks 
ocus on meaning making through a mental model or 

indset. Visioning and reframing stimulate ideas about 
ow disciplines might overlap in constructive ways that 
enerate new understandings and encourage collabo
ative work modes. Structural tasks entail management 
ssues of coordination and information exchange, in
luding focus and defining objectives, recruitment of 
xpertise, and accountability for deadlines and deliver
bles. External boundaries must be spanned, and inter
al linkages and information flows brokered across 
ifferent disciplinary cultures, status hierarchies, and 
rganizational structures. Process tasks ensure construc

ive and productive interactions among team members, 
ith the attendant subtasks of designing meetings, deter
ining ground rules, identifying tasks that move partners 

oward their objectives, building trust, and ensuring effec
ive communication (and, if necessary, removing a mem
er). Ultimately, Gray17 conceptualizes transdisciplinary 
ollaboration as innovation networks, underscoring the 
eed for network stability, knowledge mobility, and inno
ation appropriability. 

Recently, the theme of coaching both the research 
nd evaluation processes has emerged in Clusters 2 and 
(Figure 1). Klein19 and Defila and DiGiulio22 recom
end also using their evaluation guidelines to nurture 

ntegration during the actual course of research. 
paapen et al.24 describe their Research Embedment 
nd Performance Profile (REPP), which emerged from 
tudies of agricultural and pharmaceutical research, as 
 coaching model rather than a jury model. The REPP 
acilitates the graphic depiction of the main activities of 
 group (e.g., publications, collaboration, innovation) 
nd its performance, fostering self-reflection about 

rocess, performance, and mission.24 For peer review, s

120 American Journal of Preventive Medicine, Volume 35, Num
he Academy of Finland integrative research team11 

ecommends that national funding agencies coach the 
nterdisciplinary and transdisciplinary process, and 
audel9 cites an exemplary model. The German Sonder

orschungsbereiche (SFBs) are networks of research 
roups that receive funding for collaborative research 
rograms. The core of the review process is a series of 
roup discussions among the reviewers and between 
eviewers and applicants. A group or center is also 
valuated every third year by largely the same reviewers. 
epeating the process ensures that reviewers gain the 
ecessary competence and a communication base over 

ime, facilitated by the empowerment of applicants and 
he enforced interdisciplinary learning of reviewers.9 

rinciple #6. Iteration and Transparency in a 
omprehensive System 

tudies of interdisciplinary and transdisciplinary collabo
ation highlight the overriding importance of iteration to 
nsure collaborative input, transparency, and common 
takeholding. In the TTURCs logic model,16,18 indicators 
re not restricted to a single phrase. They have a 
eedback relationship that a strictly linear model of 
valuation cannot capture. The logic model moves 
rom the basic activities of centers (training, collabora
ion, and integration) and the earliest expected out
omes. Basic activities lead to new and improved meth
ds, science, and models that are tested and lead to 
ublications. Publications, in turn, foster recognition 
nd the institutionalization of transdisciplinary re
earch that feed back on the overall infrastructure and 
apacity of centers, resulting in increased support for 
asic activities. They also provide a content base for 
ommunicating results to a broader community. Rec
gnition, in turn, provides a secondary impetus for 
ommunications and publications. Policy implications 
esult as well from communications and publications, 
hile translation to practice is influenced by improved 

nterventions. Health outcomes, for example, are influ
nced both by treatments and health practices related 
o policy changes.16,18 

Two models in Cluster 3 furnish insights from fields 
f application. Aenis and Nagel21 used logical-frame
ork (log-frame) analysis to define impact indicators in 
gricultural research, based on the systematic elabora
ion of objectives at the beginning. The central insight 
s that the mobility of participants and interaction and 
ommunication patterns furnish a heuristic for identi
ying differences in social domains or contexts for 
nowledge production. In each context, differing ex
ectations exist, with attendant norms, values, and 
riorities.21 The REPP method of Spaapen et al.24 

acilitates the reconstruction of both the relevant envi
onment and the performance of a group within it, 

eeking patterns and profiles rather than imposing a 

ber 2S www.ajpm-online.net 
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riori measurements. A quantifiable benchmark, though, 
an be set for each indicator in consultation with research
rs and policymakers. Scores are plotted on a radar-like 
raph that represents variegated activities. If a group 
laims to contribute to the development of sustainable 
reenhouse production, for example, the profile 
hould show that empirically. The key dynamics are 
eedback to the mission of a program and transparency 
f criteria. Feedback allows for context-related adapta
ions that improve the research process and conceptual 
ramework. Transparency requires that both evaluators 
nd participants are informed of criteria from the 
utset and, ideally, are involved in defining them.24 

rinciple #7: Effectiveness and Impact 

rinciple #7 returns full circle to Principles #1 and #2: 
ariability of goals drives variability of criteria and 
ndicators. The third criteria of quality in the Harvard 
tudy was effectiveness in advancing epistemological 
nderstanding or pragmatic viability in concrete set

ings. Unintended consequences and unforeseeable 
ong-term impacts, though, cannot be captured by a 
riori measures, and they may have multiple conse
uences. “Interdisciplinary impacts,” Boix-Mansilla cau
ions, “are often diffused, delayed in time, and dis
ersed across diverse areas of study and patterns of 
itation practice.”28 Defila and DiGiulio agree, admon
shing that many long-term effects cannot be predicted 
r checked in five-year periods, let alone annual mea
ures.22 In trans-sector transdisciplinary, Krott notes, 
ifferent target groups also make use of knowledge in 
ays unknown at the start of a project.23 Likewise, 

tudies16,18 of the TTURCs stipulate that the appropri
te time frame for assessing returns on investment or 
he value-added contributions of large-scale transdisci
linary collaboration may require broad historical per
pectives spanning two or more decades. 

The NAS report Facilitating Interdisciplinary Research12 

ites numerous examples of long-term impacts that 
ould not be predicted or measured fully at the outset. 
esearch on nitrate and sulphate cycles, for instance, 
roved relevant not only for agricultural production 
ut also for research on global climate change and the 
reenhouse effect. Developing the engineering tech
ologies necessary to achieve space flight led to ad
ances in computer control of engineering processes 
hat subsequently fostered improvements in the reli
bility of industrial products and processes. Large pro
rams also stimulate new understanding in multiple 
elds, a long-term effect evident in the Human Ge
ome Project, the Manhattan Project, and in broad 
fforts such as the theory of plate tectonics and the 
evelopment of the fiber-optic cable. Moreover, gener
tive technologies such as magnetic resonance imaging 

re enhancing research capabilities in an expanding l

ugust 2008 
umber of areas through new instrumentation and 
nformational analysis.12 

onclusion: The Logic of Discipline, Peer, and 
easurement 

n emergent literature is a benchmark of both what is 
nown and what remains to be known. Key insights 
rom this literature appear in Table 2. Yet findings are 
till dispersed across multiple forums, even with system
tic efforts to disseminate information by groups such 
s the Europe-based td-net.25,26 Longitudinal empirical 
tudies of interdisciplinary and transdisciplinary evalu
tion remain few in number and need testing in local 
ontexts. Access to in vivo deliberations is still limited in 
eer review, and governments lack clearly defined and 

ested criteria for prioritizing funding across the spec
rum of disciplinary and multidisciplinary–interdiscip
inary–transdisciplinary research. And, more broadly, 
nquestioned assumptions about three underlying con
epts—discipline, peer, and measurement—continue to 
loud the discourse on evaluation. 

Disciplines provide crucial knowledge, methodolo
ies, and tools for interdisciplinary and transdisci
linary work. However, in many discussions, disciplines 
re still treated uncritically as monolithic constructs. 
tudies of disciplinarity reveal that disciplines exhibit a 
triking heterogeneity, and that boundary crossing has 
ecome a marked feature of contemporary research. 
ome disciplines, Vickers13 observes, have undergone 
o much change that characterizing them as stable 
atrices with consensual evidentiary protocols is prob

ematic. Some new interdisciplinary and transdisci
linary fields also reject disciplinarity in whole or in 
art, and, Sperber10 observed in an online virtual 
eminar, the purpose of interdisciplinary work may aim 
o undermine current understanding in disciplines. A 
tandard assessment procedure can help in charting a 
rogram’s interactions within a broader environment 
nd ensuring that work is sound and reliable.24 Yet 
tringent evaluation criteria for both research and 
valuation may be counterproductive, especially, Lang
eldt5 warns, for risk taking and “radical interdiscipli
arity.” Conflicting assumptions about quality meet 
ead-on during peer review, whether in ex ante evalua

ions of grant proposals and priority setting in national 
esearch systems or in ex post assessments of research 
erformance and outcomes. A “commonly agreed yard
tick” must be developed to “moderate the conservative 
orces” of traditional research communities, safeguard
ng against bias.5 

Identifying experts who fit the “problem space” is 
rucial, because they form an appropriate interdiscipli
ary epistemic community. The task is more difficult, 

hough, in emerging fields where the criteria of excel

ence are not defined yet and the pool of qualified 

Am J Prev Med 2008;35(2S) S121 



T

P
n

1

2

3

4

5

6

7

ictabl

e
d
b
s
n
c
t
t
t
a
w
t
m
r
t

t
p
p
t
d
r
o

n
o
a
i
a
i
o
i

o
t
a
n
a
a
A
t
i
s
I
l
b

S

able 2. Key insights 

rinciple 
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Multiple g
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Expanded
new exp
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treatme

 Leveraging of integration Key factor
reachin

Criteria fo
method
commu

 Interactions of social and Requirem
cognitive factors in tensions
collaboration differen

ongoing
activitie

 Management, leadership, Requirem
and coaching integrat

making
Categorie

 Iteration and feedback in Requirem
a comprehensive and to insur
transparent system stakeho

of parti
 Effectiveness and impact Expanded

variety o
unpred

xperts is often smaller. In highly innovative work, 
eveloping validation criteria to gauge progress often 
ecomes part of the actual process of inquiry.7 The 
ummary report2 of the 2006 AAAS symposium cites a 
umber of strategies in funding agencies, including 
reating “on-the-fly” electronic review teams, using “in
erpreters” who bridge the epistemic gap among con
ent experts, asking candidates for grants to contribute 
he names of suitable peers, and forming joint panels 
nd “matrix” schemes that combine disciplinary reviews 
ith full-panel reviews among discipline-based and in

erdisciplinary members. Special funding programs 
ay bypass conventional control mechanisms, but they 

un the risk of marginalizing interdisciplinary and 
ransdisciplinary research.2 

Lamont and colleagues’ study8 of fellowship compe
itions in social sciences and humanities furnishes a 
owerful analytical lens for thinking about interdisci
linary and transdisciplinary evaluation. Building on 

he work of Max Weber and Emile Durkheim, the team 
escribed the production of legitimacy that occurs in 
eview panels. Review panels are “sites where new rules 

f fairness are redefined, reinvented and slowly recog t

122 American Journal of Preventive Medicine, Volume 35, Num
 scope, scale, level and subsystem, degree of integration in 
ary–interdisciplinary–transdisciplinary environment 
for example, epistemologic or methodologic forms, 
lopment, pragmatic problem solving 
ex ante, intermediate, ex post 
roaches to quality assessment: conventional metrics; 
-based, and proxy criteria vs primary or epistemic 

warranted interdisciplinary knowledge in the substance of 

ators: for example, experimental rigor, aesthetic quality, 
ory power, feedback to multiple fields, enhanced research 
hanging career trajectories, new public policies and 

otocols, long-term impacts and unforeseen consequences 
lance in weaving perspectives together into new whole, 
ctive synthesis, antecedent conditions for readiness 
eraging and evaluating integration: organizational, 
c, and epistemologic components; strategies that promote 
on and consensus; generative boundary objects 
for example, calibrating separate standards, managing 
ng conflicting approaches, clarifying and negotiating 
mong all stakeholders, compromising, communicating in 
 systematic fashion, engaging in mutual learning and joint 

managing tensions in balancing acts, consensus building, 
nteraction, common boundary objects, shared decision 
hing the process 
adership tasks: cognitive, structural, and processual 

attuning a pluralism of values and interests, iterative work 
aborative inputs, transparency to include common 
, feedback to the mission in a dynamic framework, mobility 
ts, interaction and communication patterns 
ators: sensitivity to variety of goals in Principle 1 and 
eria and indicators in Principle 2; inclusion of 
e long-term impacts, returns on investment, value-added 

ized.”8 In the absence of customary rules, consensus 
n what constitutes a good proposal must be negoti
ted. Equilibria must be achieved between the familiar
ty and distance of non-expertise, between transparency 
nd opacity, expertise and subjectivity, and between 
nterdisciplinary appeal and disciplinary mastery. Meth
dologic pluralism is key to arriving at a judgment that 

s both consistent and limits bias.8 

Finally, the logic of measurement returns the question 
f evaluation full circle to the gap between conven
ional metrics and the complexity of interdisciplinary 
nd transdisciplinary research. Paralleling interdiscipli
ary studies and learning assessment, interdisciplinary 
nd transdisciplinary research process and evaluation 
re grounded in the philosophy of constructivism. 
ppropriate evaluation is made, not given. It evolves 

hrough a dialogue of conventional and expanded 
ndicators of quality. Traditional methodology and 
tatistics have a role to play, but they are not sufficient. 
n the past, Sperber10 admonishes, people seeking the 
egitimization of interdisciplinary initiatives had to be 
oth parties and judges, educating their evaluators in 
ts 
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mergent literature provides both parties and judges 
ith an authoritative portfolio of methodologies, in

truments, design models, guidelines, and conceptual 
rameworks anchored by a growing body of case studies 
nd findings. They neither impose nor forestall evalu
tion awaiting a single-best or universal method that 
ould be antithetical to the multidimensionality and 
ontext-specific nature of interdisciplinary and transdis
iplinary work. They facilitate informed definition of 
he task and credible tracking of the actions and 
utcomes attendant to the substance, constitution, and 
alue of the research. 

he author thanks Daniel Stokols, Brandie Taylor, Kara Hall, 
ichard Moser, and Veronica Boix-Mansilla for feedback on 
arlier drafts. The author also thanks Shalini Misra (doctoral 
andidate in the School of Social Ecology, University of 
alifornia Irvine) for preparation of the figures. Research 
valuation will also be the focus of a chapter by Katri 
uutoniemi in the forthcoming Oxford Handbook of Interdisci

linarity, edited by Robert Frodeman, Julie Thompson Klein, 
nd Carl Mitcham (2009). 
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nhancing Transdisciplinary Research Through 
ollaborative Leadership 

arbara Gray, PhD 

bstract:	 Transcending the well-established and familiar boundaries of disciplinary silos poses 
challenges for even the most interpersonally competent scientists. This paper explores the 
challenges inherent in leading transdisciplinary projects, detailing the critical roles that 
leaders play in shepherding transdisciplinary scientific endeavors. Three types of leader
ship tasks are considered: cognitive, structural, and processual. Distinctions are made 
between leading small, co-located projects and large, dispersed ones. Finally, social-
network analysis is proposed as a useful tool for conducting research on leadership, and, 
in particular, on the role of brokers, on complex transdisciplinary teams. 
(Am J Prev Med 2008;35(2S):S124–S132) © 2008 American Journal of Preventive Medicine 
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nterest in transdisciplinary research has burgeoned 
in the last 10 years. Transdisciplinary research 
refers to scientific inquiry that cuts “across disci

lines, integrating and synthesizing content, theory and 
ethodology from any discipline area which will shed 

ight on the research questions.”1 Impetus for this new 
rend stems from the increasing complexity of scientific 
roblems,2,3 from the exploration of basic research 

ssues, from the need to solve societal problems (like 
ustainability and debilitating diseases), and from stim
li from generative technologies such as the Internet 
nd magnetic resonance imaging2,3 as well as from the 
ncreasingly wide distribution of knowledge in edu
ated societies.4 

Transdisciplinarity, as distinguished from multidisci
linarity and interdisciplinarity,5 requires that research
rs invent new science together by exploring research 
uestions at the intersection of their respective fields, 
onducting joint research projects and “developing 
ethodologies that can be used to re-integrate knowl

dge.”6 While the distinctions between interdisciplinar
ty and transdisciplinarity may be difficult to tease out 
n practice, McMichael’s notion7 that transdisciplinarity 
romotes “theoretical, conceptual, and methodological 
eorientation with respect to core concepts of the 
articipating disciplines” is, perhaps, the most helpful. 
ather than as an alternative, transdisciplinarity is 
nvisioned as a complement to ongoing discipline-
ased scientific inquiry that “might lead to a different, 

rom the Smeal College of Business Administration, Pennsylvania 
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hD, Center for Research in Conflict and Negotiation, Smeal College 

f Business Administration, Pennsylvania State University, 404 Busi
ess, University Park PA 16802. E-mail: bgray@psu.edu. 
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e
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igher, plane of inquiry”7 and enable different ques
ions to be asked. 

According to the International Center for Transdis
iplinary Research, 

It [transdisciplinarity] occasions the emergence 
of new data and new interactions from out of the 
encounter between disciplines. It offers us a new 
vision of nature and reality. Transdisciplinarity 
does not strive for mastery of several disciplines 
but aims to open all disciplines to that which they 
share and to that which lies beyond them.”8 

Transcending the well-established and familiar bound
ries of disciplinary silos, however, poses challenges for even 
he most interpersonally competent scientists. 

This paper offers four contributions to the study of 
ransdisciplinarity. First, it briefly explores the chal
enges inherent in working transdisciplinarily. Second, 
t focuses on the critical role of leadership in the 
hepherding of transdisciplinary scientific endeavors. 
hird, it examines the differences between single and 
istributed leadership in transdisciplinary teams. Finally, it 
onceptualizes transdisciplinary collaborations as innovation 
etworks and illustrates how social-network analysis can 
ugment the research on leadership in transdisciplinary 
eams. 

he Challenges of Transdisciplinary Scientific 
ndeavors 

he challenges of working across disciplines have been 
hronicled in a number of arenas. Numerous stud
es9 –14 have identified the difficulties associated with 
chieving this kind of integrated vision among scien
ists,9,10 within business,11 and in cross-sectoral and 
lobal collaborative teams.12–14 While some scientific 

ndeavors are likely to suffer from the “groupthink” 

0749-3797/08/$–see front matter 
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hich many have suggested explained the team failure 
hat led to the Challenger disaster,15,16 transdisciplinary 
eams are more likely to experience the opposite prob
em. Groupthink refers to the suppression of differences 
ithin a team and its inability to bridge power differ
nces. In transdisciplinary projects, misunderstanding 
nd disagreement are much more likely. Squabbles 
mong scientists about the validity of each other’s 
onceptual frameworks, mismatches between rewards 
tressing disciplinary competence over innovation, and 
nstitutional disincentives have impeded or prevented 
uccessful transdisciplinary endeavors.9,17,18 

For transdisciplinary teams, success may also be elu
ive if researchers lack a common problem focus.19 For 
xample, a team of agricultural economists, philoso
hers, and hydrologists, trying to solve agricultural 
roblems, faced conflicts over finding a suitable frame
ork and methodology for the study that would be 
onsidered cutting-edge by their individual disciplines.9 

n other transdisciplinary teams, the needs of stake
olders outside of academia, rather than just the needs 
ith scientific potential, must be integrated with—or 
ven drive—scientific activity, but this does not match 
he scientists’ preferred approach to the topic.20 

Finally, the absence of process skills (e.g., decision 
aking, problem solving, conflict resolution, informa

ion exchange, coordination, and boundary manage
ent) has also been noted as a crucial detriment to 

ollaboration.21–24 In transdisciplinary relationships, 
his absence includes resolving questions of legitimacy, 
meliorating power differences, and integrating diverse 
ims.16,22,25,26 For example, university engineers26 help
ng to solve irrigation projects in Ecuador favored their 
wn expertise over local knowledge from the commu
ity that ultimately proved essential to the project’s 
uccess.26 In light of all these challenges to the building 
f transdisciplinary teams, leaders with the skills to 
anage collaboratively may make the difference be

ween success and failure in transdisciplinary efforts. 

eadership Tasks for Enhancing Transdisciplinary 
ollaboration 

hat roles can leaders play to overcome or minimize 
hese classic failures in decision making, planning, and 
ognition while, at the same time, spurring innovation 
nd creative problem solving in transdisciplinary teams? 
n general, research has demonstrated that appropriate 
eadership can enhance the overall effectiveness of 
eams and increase the satisfaction of team mem
ers.27–29 To build a model of leadership appropriate 
or transdisciplinary collaborations, findings from em
irical research on diverse teams and in multiparty 
ettings are utilized, because in those contexts team 
embers must also transcend differences to ensure 
erformance success.21,29–32 Thus, leadership models a

ugust 2008 
or transdisciplinary teams are not necessarily unique, 
ut share many process concerns with other teams 
such as cross-cultural teams33or those trying to resolve 
omplex societal conflicts21,24,32 in which the manage
ent of differences is critical for tapping the team’s full 

otential. 
One model of leadership for multiparty collaborative 

ndeavors proposes that leadership provides “the mecha
isms that lead a collaboration’s policy and activity agenda 

n one direction rather than another.”32 From this 
erspective, leadership can be conceptualized as creat

ng a mental model, or mindset, to which followers 
dhere. Thus, the role of leadership involves sense 
aking and, consequently, is cognitive in nature. An

ther approach stresses leadership qualities and iden
ifies the structural roles that leaders must enact to 
nsure success. For example, Young19 reports the need 
or a leader who is modest, benevolent, visionary, and 
trong, and identifies a list of leadership tasks that 
arallel those of project management, including pro
iding focus and defining objectives; recruiting the 
ecessary expertise; and ensuring the project’s account
bility (e.g., for deadlines, deliverables). A third ap
roach emphasizes the need for process leadership, 
uch as facilitating conflicts among members.22,33 

hese tasks can be grouped into three general catego
ies: cognitive, structural, and processual. Each of them 
ill be discussed in detail. 

ognitive tasks. Viewing the leadership of transdisci
linary initiatives as a cognitive task means that leader
hip involves the management of meaning.34,35 Leaders 
anage meaning for others by introducing a mental 
ap of desired goals and the methods for achieving 

hem while at the same time promoting individual 
reativity. Transformational leaders high on charisma, 
or example, are seen as powerful shapers of their 
ollowers’ aspirations,36 which positively affects team 
erformance.37 In transdisciplinary collaborations, this 
eans a leader motivates followers by aligning the 

ollowers’ self-concepts and individual scientific aspira
ions with the larger transdisciplinary mission.37,38 

In transdisciplinary research, the cognitive tasks of 
eadership largely consist of visioning and framing. 

ere the visioning is an appreciative task that appeals 
ess to the followers’ complicity with achieving a pre
stablished goal and more to the unleashing of their 
wn curiosity and creativity. This visioning process is 
eferred to as intellectual stimulation by transformational 
eadership researchers,36 and includes leader behaviors 
hat promote divergent thinking, risk taking, and chal
enges to established methods.36,37,39 Transdisciplinary 
eaders need to be able to envision how various disci
lines may overlap in constructive ways that could 
enerate scientific breakthroughs and new understand
ng in a specific problem area. They themselves need to 

ppreciate the value of such endeavors, be able to 
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ommunicate their vision to potential collaborators, 
nd construct a climate that fosters this collaboration. 
immerick and Cunnington31 describe this as “getting 

he mind-set right,” which to them means both under
tanding and believing that working in an alliance is 
referable to other modes of organization. 
Beyond that, visioning should help transdisciplinary 

articipants to break out of past mindsets and open up 
he content of new agendas.33,36 Leaders engaged in 
isioning engage in the leadership task described as 
raming—the construction of a mental model that pro
ides a sense-making device for team members, cap
ures their beliefs and abilities, and motivates them to 
ork productively together.30 Most importantly for 

ransdisciplinary projects, such visioning encourages 
embers to reframe their extant conceptual frame
orks. Such reframing requires the suspension of cur
ent assumptions and the introduction of a vision that 
urns participants’ current mindsets upside down, jars 
hem loose from their conceptual moorings, and cre
tes an opening in which the previously unthinkable 
an become reality.40,41 These frame shifts can result 
rom the introduction of a new metaphor,42 from the 
doption of a new gestalt (e.g., a figure/ground shift), 
rom moving up or down a level of abstraction in 
hinking,41 or from deciphering meaning that tran
cends two cultures.33 In this sense, then, transdisci
linary leaders attempt to create breakthrough visions 
or their colleagues. 

The visioning role of transdisciplinary leaders is 
eeded on two levels. First, on a content level to 
onceptualize and inspire the frame shifts described 
bove. Visioning techniques can be employed to help 
eople conceptualize the kinds of outcomes that might be 
ossible through their collaboration. Techniques such as 
earch conferences43,44 and appreciative inquiry45– 47 may 
rove useful for this in the initial phase of transdisci
linary collaboration. Search conferences refer to efforts to 
uild a common understanding of the domain or 
roblem under consideration by imaging the desired 
utures that the researchers could pursue. Appreciative 
nquiry encourages the review of the positive aspects of 
he participants’ working relationship to date as a 
aunching pad for introducing change.45– 47 Applying 
earch techniques to transdisciplinary teams would 
nvolve asking team members to identify the assumptive 
rameworks underlying their disciplinary views and the 
urrent and anticipated trends likely to influence their 
iscipline’s research in the future. For cancer research, 
or example, they might list behavioral changes that are 
ikely to influence the incidence of cancer in the short-, 

edium-, and long-term future, and then construct 
redictions about their likelihood and potential effects. 
The consideration of these various scenarios from 

he perspective of many different disciplines triggers 
eframing by the juxtaposition of unknown outcomes, 

nlikely outcomes, or both with expected ones.43,44 If l

126 American Journal of Preventive Medicine, Volume 35, Num
sing an appreciative-inquiry approach, team members 
ight extract the generative aspects of their most 

reative or productive projects from the past and build 
hese into their current work. Interestingly, these kinds 
f visioning techniques can also promote relationship 
uilding among collaborators: “. . . a short, intense, 
hole system meeting enables something not available 

n any other way: A gestalt of the whole in all partici
ants that dramatically improves their relationship to 
heir work and their coworkers.”44 

A second level of visioning that transdisciplinary 
eaders need to encourage relates to the process of 
orking collaboratively. Working constructively with 
iverse others in any context requires patience, toler
nce, openness, listening, and conflict-resolution capa
ility. While again these skills are not unique to transdis
iplinary teams, they are clearly beneficial. Transdisciplinary 
eam members queried about their leaders quickly identi
ed these attributes in them, using phrases like: She listens, 
e sees the possibilities, she builds bridges, and they model 
his kind of behavior for their teams.48 The process 
esponsibilities associated with transdisciplinary leader
hip are considered in more detail below. 

Frame change, by necessity, must also contend with 
he problem of language. “The language problem 
rises because the same words are used in quite differ
nt ways in different disciplines.”49 By recognizing this 
otential problem, transdisciplinary leaders can foster 

he development of a common language that is mean
ngful for team members along with the development 
f respect for each contributor’s models and meth
ds.50,51 Some transdisciplinary projects report con
tructing a glossary of key terms without which members 
rom each discipline make idiosyncratic interpretations of 
erms that result in confusion and misunderstandings.48 

Another cognitive task required of transdisciplinary 
eam leaders is judgment. Leaders must be able to 

ake discriminating decisions about numerous issues. 
or example, judgments are required about the scope 
f the project, as this description51 of the judgment 
alls involved in the Transdisciplinary Tobacco Use 
esearch Centers initiative within the National Cancer 

nstitute illustrates: Leaders had to manage a balance 
etween depth and breadth as each center’s theme 
volved, in order to optimize the potential of scientific 
nquiry while remaining realistic about the strengths, 
aps, and logistics of undertaking such a research 
ndeavor.51 Other judgment calls concern determining 
hom to invite onto the project, which new projects are 

he most promising, and how to deploy resources once 
articipants are on board. 

tructural tasks. Structural-leadership tasks address the 
eam’s need for coordination and information ex
hange—both within the team and between the team 
nd external actors. The structure of the social network 

inking transdisciplinary the participants and leaders’ 
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ositions within the team can enhance the team’s 
verall performance through the creation of social 
apital or the ability to take advantage of network 
onnections.39,52,53 Previous research found that lead
rs who occupy positions of centrality in networks were 
ighly educated, low in neuroticism, low in adversarial 
entrality, and had values similar to those of their 
eammates.54 Research on brokers (who occupy key 
ositions between others) in transdisciplinary networks 
eveals they are high on the Big Five Personality factor 
f openness, displayed an ability to imagine and pro
ose potential collaborations among researchers, and 
ngaged in active transdisciplinary mentoring of junior 
aculty.48 Such leaders reported that they not only 
ngaged in but enjoyed these matchmaking roles and 
ere acknowledged for them by their colleagues. Most 
ad had positive transdisciplinary mentoring them
elves, and, in addition, were also seen as people who 
ot things done.48 

Research shows that both transformational leaders 
nd their direct reports occupy central positions in 
heir organizations’ advice and influence networks52 

hich enables them to garner greater social capital.52,53 

anaging both of these boundaries successfully in
olves boundary spanning55,56 and brokering,57–59 both 
f which are essential to the effective work of the team. 
oundary-spanning activities are critical for teams en
aged in innovation because they enable the teams to 
ecure and convey information from and to groups out
ide their boundaries.55 Among the boundary-spanning 
asks identified as key for transdisciplinary teams are 
aining and maintaining sound institutional commit
ent and support,17 acquiring funds to manage emerg

ng areas of research and training, devoting adequate 
ttention to and securing funds for infrastructure, and 
uilding bridges to other centers and new disciplines.48,51 

One form of boundary spanning essential for trans-
isciplinary team construction is brokerage. As noted 
bove, in social-network terms, brokers link groups of 
ctors who are not otherwise connected to each other. 
rokers occupy “structural holes” at the crossroads 
etween groups of actors.59 Thus, brokers intervene by 
uilding linkages and increasing information flow 
mong previously unrelated parties.57,59 Because of 
heir unique vantage point, brokers have access to a 
ider array of information than others within a network 
nd, because they have one foot in each of several 
amps, can decipher differences among the camps and 
ranslate among them.60 Brokers often serve as conflict-
andlers to iron out disputes and misunderstandings 
mong groups.58 Brokers can also ameliorate power 
nd status differences among diverse groups.61 Given 
hat transdisciplinary teams comprise junior and senior 
esearchers, postdoctorate fellows, graduate students, 
nd research assistants, the potential for status issues to 

ar communications seems inevitable. c

ugust 2008 
The primary function of brokers in these situations is 
o ensure standing for low-power partners and to 
rovide a conduit for information transfer and negoti
tions among partners of differential power. These 
asks are not always easy, however, given that ego 
nhancement goes hand in hand with academic pur
uits. Brokers with cultural fluency can serve as transla
ors to facilitate alliances across cultural boundaries.62 

ultural fluency refers to “recognizing identities and 
nviting divergent ways of making meaning into our 
wareness.”62 This kind of experience (i.e., the ability 
o tap into the experiences of or see through the lenses of 
ther disciplines) is precisely what enables creative problem 
olving and reframing in public-policy arenas.41,63 

One structural innovation within universities that has 
ostered interdisciplinary work is the creation of inter-
ollege research institutes administered outside the 
raditional departmental structure.18 These bring visi
ility to particular research activities that might not 
therwise be recognized as important (e.g., materials, 
nvironment, transportation). 

There is unquestionable evidence that scholars 
and their students from diverse disciplines can 
work together effectively on common complex 
problems with tangible benefits to all, if careful 
thought is given as to how to encourage and 
sustain such interaction over a period of time.18 

Launching and sustaining transdisciplinary research 
fforts requires leadership in the form of strong advo
ates at the top of universities, and university adminis
rators need to be evaluated on the breadth of vision 
nd encouragement for transdisciplinary research that 
hey exhibit.18 

rocessual tasks. Attending to the process dynamics of 
 transdisciplinary team demands an especially impor
ant set of interpersonal skills that are critical to suc
essful team collaboration.20–22,58,62 Process leadership 
ncludes a host of activities related to ensuring that the 
nteractions among team members are constructive and 
roductive. Several subtasks fall under the umbrella 

ask of attending to the processual aspects of the team: 
esigning meetings (e.g., deciding when plenary or 
mall-group meetings, caucuses, or joint data collection 
ay be most productive); determining what ground 

ules might be useful; identifying tasks to move the 
artners toward their objectives; building trust among 

he partners; ensuring that effective communication is 
ccurring; garnering buy-in from team members and 
heir institutions; and mediating conflicts that are likely 
o arise58 as team members strive to understand and 
ntegrate concepts, frameworks, and methodologies that 

ay threaten their disciplinary comfort zones. Some of these 
esemble more traditional project-management tasks (such 
s goal setting, planning, coordinating information ex

hange, and monitoring progress), but others require more 
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nterpersonally oriented skills. Leadership intervention 
n the affective aspects of team life can prove especially 
eneficial, because interpersonal tensions generate 
egative emotions that erode the open exchange of 

deas.63 The vicissitudes of evaluation and re-application 
or funding can also affect the emotions of team mem
ers.63 At these times, effective leaders need to display 
ood listening skills, empathy, and the ability to reorient 
he team’s efforts toward their long-term goals. 

To summarize: Critical to promoting effective collab
ration are leaders who “have the credibility to get the 
ight people together to create visions, solve problems, 
nd reach agreements about implementable actions.”31 

t is important to note, however, that these leadership 
asks need not necessarily be performed by a single 
eader. Instead, they could be handled in a distributed 
ashion by multiple members within a transdisciplinary 
eam.64 This issue is addressed in the next section. 

ne Leader Or Many? 

tokols et al.63 have detailed the differences in com
lexity and geographic dispersion associated with trans-
isciplinary collaborations. While some projects may 

nvolve a small group of researchers who are collocated 
t a single institution, others may involve virtual, cross-
nstitutional relationships with many scientists at each 
nstitution. Each of these extremes poses different 
hallenges for transdisciplinary leadership, suggesting 
hat a contingency perspective on transdisciplinary 
eadership may be useful. 

Table 1 offers a contingency framework highlighting 
he different leadership tasks and skills required in 
ifferent transdisciplinary circumstances. For example, 

n a small co-located project, a single, centralized leader 
ay be sufficient to provide the charisma and coordi
ation functions to promote effective collaboration 
ithin a transdisciplinary team.38 In these settings, 
entralized leaders can maintain close connection to 
thers in the team and enjoy informal, face-to-face 

able 1. Types of collaboration and corresponding 
eadership characteristics 

ype of 
ransdisciplinary 
ollaboration Characteristic features of leadership 

mall and collocated	 Single leader 
Central leader 
Informal connections 
Face-to-face processes 
Teambuilding 
Leader needs process skills 

arge and dispersed	 Multiple leaders/champions 
Leaders in brokerage positions 
Coordination needed among leaders 
Leaders as translators and conflict-
handlers d

128 American Journal of Preventive Medicine, Volume 35, Num
onnections that foster information exchange, coordi
ation, and emotional support.39,52,53 Process interven

ions that instill creativity and teambuilding are not 
nly feasible but likely to improve transdisciplinary 
utcomes in these settings. Still, as noted earlier, with
ut institutional champions higher up in the organiza
ion, even these small collaborations could experience 
imited success.18,61 

For larger, more dispersed teams with multiple sites, 
ultiple leaders and champions who collaborate on 

ey tasks may be essential. Multiple leaders can ensure 
hat each separate unit builds commitment and buy-in 
o the transdisciplinary mission.65 However, they also 
eed to design effective coordination and information-
xchange among these geographically disperse units. 
n these settings, it is useful to view them as innovation 
etworks.66 In such networks, multiple leaders link 

oosely connected actors but “lack the authority to issue 
ommands” and participants “are not obliged to com
ly.”66 Three critical areas for leaders in innovation 
etworks are managing network stability, knowledge 
obility, and innovation appropriability.66 Managing 

etwork stability ensures that the network remains 
ntact even if some members come and go. Leaders who 

anage knowledge mobility ensure that necessary in
ormation is transferred among network partners. Man
ging innovation appropriability refers to garnering 
enefits from network activities. For transdisciplinary 
ollaborations, this would translate into gaining appro
riate recognition through publications. 
For dispersed innovation, network leaders need to 

erform brokerage roles in order to link diverse units 
or whom informal, face-to-face connections are not 
ossible. Brokers offer cross-cutting ties that enable 

hem to acquire “vision advantage”59: 

. . . opinion and behavior are more homogenous 
within than between groups, so people connected 
across groups are more familiar with alternative 
ways of thinking and behaving, which is an advan
tage in detecting and developing rewarding op
portunities. Specifically, there is a vision advan
tage . . .. New options emerge from selection and 
synthesis across structural holes.59 Thus, because 
brokers can span structural holes, they can under
stand a problem from multiple perspectives and 
facilitate widening of frames by members of each 
unit (or discipline).64 

Additionally, multiple leaders can increase the sus
ainability of transdisciplinary collaborations when re
earch results need to be disseminated to community 
articipants.65 These leaders function as champions to 
nsure that community concerns are understood and 
ncorporated into plans for implementation.21,65 Mul
iple leaders may also be crucial on teams in which 

embers have similar levels of expertise, albeit in many 

ifferent disciplines. In such cases, process leadership 
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Broker 

Team member 

1 or 2 co-authored publications 

Greatest # of co-authored 
publications 

igure 1. Example of brokers in a social network 

ay be of particular importance to ensure that every
ne’s expertise is acknowledged and respected and that 
o single discipline dominates the proceedings. 

tudying Transdisciplinary Collaborations As 
nnovation Networks 

f transdisciplinary collaborations are conceived of as 
nnovation networks, then social-network analysis may 
rove to be a useful tool for studying these collaborative 

nitiatives and, in particular for studying leadership 
oles within these networks.67 Social-network analysis 
aps the relations within a group as a pattern of ties 

mong the actors. Network analysis focuses on the 
ntire system of linkages rather than on specific dyad 
onnections. 

One previous study68 of interdisciplinary research 
sed this technique to study the extent of interaction 
mong researchers and to assess which personnel were 
ritical for fostering collaboration. Figure 1 depicts a 
ocial network map diagram (a sociogram) of a trans-
isciplinary group at one institution. The nodes repre
ent individual team members. The data are drawn 
rom the researchers’ co-authored publications during 
 single year. The thicker the lines connecting actors, 
he more they publish jointly. Individuals 8 and 13 have 
he greatest number of joint publications; Individuals 1 
nd 9 and Individuals 1 and 13 have the next-highest 
evel of co-authored work. Team Members 6, 7, 10, and 
2 have no co-authored publications with other team 
embers for the year in question. These members may 
e newcomers to the team (e.g., recently recruited F

ugust 2008 
raduate students) or ongoing members whose exper
ise is not yet aligned with that of others on the team. A 
etwork study of one research center promoting inter
isciplinarity found that researchers did link up across 
isciplines (84% of the researchers’ connections formed 
fter the center was created), but that graduate and 
ostdoctoral students had more interdisciplinary contacts 

han faculty did.68 

Social-network techniques use a measure called 
etweenness centrality to identify brokers within 
eams.57,59 Betweenness centrality reflects the degree to 
hich an actor links to individuals who are not other
ise linked to anyone else. In Figure 1, it can be seen 

hat Persons 1 and 5 are clearly brokers among the 
eam, because they connect Teammates 15 and 16 
and, to a lesser extent, Teammate 11) to the rest of the 
eam. Thus, brokers facilitate information exchange59 

y connecting these outliners and their diverse views to 
he team. Additionally, to the extent that team mem
ers have diverse contacts outside the team, they too 
ay leverage those brokerage roles to import novel 

nsights into the team. According to Burt, “Research 
as strategic value when an observer sees how a finding 
as implications for what other people see as unrelated 

heory. A creative spark on which serendipity depends 
s to see bridges where others see holes.”59 Figure 2 
epicts five different types of brokerage roles.57 For 

arge, dispersed transdisciplinary teams, brokers who 
unction as representatives and liaisons are the most 
igure 2. Types of brokers57 
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rucial because they are the only links connecting 
iverse groups (such as researchers from different 
isciplines). 
Three advantages accrue to people in brokerage 

ositions. They can access a wider array of information, 
et it earlier, and can control information diffusion.59 

ecause of their unique position, brokers not only can 
everage their vision advantage to identify and create 
ew opportunities, but they are also viewed as attractive 
andidates to include in these opportunities.59 And, be
ause they receive specialized information from the di
erse groups they connect, they can serve as translators—a 
articularly important role for transdisciplinary collabo
ations in which scientific assumptions and jargon can 
mpede researchers. Recent research48 on brokers’ 
unctions in a software development team that con
isted of two geographically disparate and historically 
eparate groups found that brokers played important 
oles as mediators of conflict. While other team mem
ers saw conflicting schemas within the team (arising 
rom a clash of localized, parochial experiences), bro
ers did not.48 While brokers noted the potential 
ownsides of such conflicts for the team, they viewed 

hem instead as opportunities to bridge differences 
ithin the team and stepped up as self-appointed conflict-
andlers among their colleagues. Consequently, rather 

han using their vision advantage for their own entrepre
eurial gains (as Burt59 argues), these brokers per

ormed critical process tasks for the project by serving 
s mediators of the conflicts rooted in historical, paro
hial differences.57 Additionally, brokers were the only 
eam members viewed as experts by both groups57 

which is also true of centralized leaders in smaller 
eams65). Obstfeld69 found brokers playing similar roles 
n the innovation teams that he studied. 

onclusion 

ransdisciplinary teams provide a fascinating new 
enue for the study of collaboration and collaborative 
eadership in particular. To be successful in these 
enues, leaders must assume a pivotal role in surmount
ng the obstacles inherent in transdisciplinary collabo
ations and in facilitating the emergence of major 
iscoveries from these endeavors.69,70 Three general 
asks of transdisciplinary leaders were outlined in this 
aper: cognitive, structural, and processual. Effective 
ognitive leadership provides a vision that links and 
otivates transdisciplinary researchers to step beyond 

heir disciplinary lens, relax old assumptions, and 
earch for creative frame-breaking solutions. Effective 
tructural leadership adds value by creating needed 
ridges among unconnected parties. Effective proces
ual leadership encourages trust and turns potentially 
estructive conflict into constructive interactions. 
With increasing size and geographic dispersion, the 
ask of transdisciplinary leadership becomes more com
p

130 American Journal of Preventive Medicine, Volume 35, Num
lex, making the need for multiple leaders with differ
nt skills and network relationships a distinct possibil
ty. While informal, centralized leadership may be 
ufficient for small, co-located teams, multiple leaders 
ho serve as brokers to connect more disparate and 
nconnected groups of researchers are needed for 

arger projects. Shared decision making principles, 
lose coordination, mutual respect, and highly refined 
rocess skills are vital for these leaders to sustain 
ffective transdisciplinary collaborations. 
To date, transdisciplinary leadership is mentioned 

riefly in descriptive studies of such projects6,10,50 The 
odel of transdisciplinary leadership presented here 

as drawn on that descriptive research, but also has 
ncorporated empirical research on collaboration and 
etwork studies from other arenas. Both social-network 
nalyses and close observational examination of lead
rs’ behavior71 in transdisciplinary efforts is needed to 
trengthen understanding of the distinctive require
ents for leaders in these contexts. Social-network 

tudies of how transdisciplinary networks evolve over 
ime could provide promising insights into the struc
ural patterns that contribute to innovative transdisci
linary outcomes. Examination of whether transforma

ion leadership behaviors are suitable for bridging 
isciplinary boundaries would also be useful as would 
btaining leaders’ and followers’ perceptions of how 
hey transcended critical differences in paradigms, as
umptions, theories, and methods. Understanding what 
otivates researchers to engage in transdisciplinary 

esearch would also be useful, because motivations can 
e both internal and external. Federal funders can 
romote such efforts through specific grant struc

ures; academic institutions can create conducive or 
rohibitive cultures for transdisciplinary research; 
nd individual researchers may have personal pro
ensities and training that motivates them to pursue 
uch projects. Most likely, however, it is the combi
ation of personal motivation, institutional support, 
nd external funding that will enable transdisci
linary efforts to thrive.50 Still, individual researchers 
eed to weight the costs and benefits of transdisci
linary work for themselves. Without facilitative lead
rship, potential participants may judge the likeli
ood of such payoffs to be slim. 
In essence, success in transdisciplinary endeavors is 

ot solely the responsibility of leaders. Nonetheless, 
he achievement of major innovations hinges on 
hether leaders have the capacity to enable deep 
iversity to thrive while simultaneously forging inte
ration across disciplinary boundaries within their 
eams. 

o financial disclosures were reported by the author of this 

aper. 
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ransdisciplinary Training 
ey Components and Prerequisites for Success 

ustin M. Nash, PhD 

bstract:	 The training of transdisciplinary science is distinct in its intention to develop scientists who 
synthesize the theoretical and methodologic approaches of different disciplines. As a 
result, transdisciplinary scientists are better prepared to address the complexities of health 
problems. The most common form of transdisciplinary training is the multi-mentor 
apprenticeship model, with each mentor training from his or her own discipline. The 
transdisciplinary trainee is faced with many challenges, including learning the languages 
and cultures of different disciplines along with learning how to navigate within and 
between disciplines. The trainee also confronts unique career development risks. The 
climb up the academic ladder can be slower, rougher, and less linear than that of the 
trainee’s single-disciplinary-trained peers. A number of factors can help the trainee in 
overcoming the challenges: being able to develop a core set of values and behaviors that are 
essential for transdisciplinary scientists; having the commitment and support of training 
institutions, training directors, and mentors; and having training structures and processes 
in place to prevent the training and trainee from naturally regressing back to familiar 
single-disciplinary approaches. There is relatively little known empirically about transdis
ciplinary training. Future efforts can focus on developing a better understanding of the 
unique characteristics of transdisciplinary training, identifying the effective elements that 
relate to training outcomes, defining the critical outcome metrics at different time points 
during and following training, and creating toolkits to help with training processes. 
(Am J Prev Med 2008;35(2S):S133–S140) © 2008 American Journal of Preventive Medicine 
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he complexity of health problems, combined 
with rapid technologic advances to address 
them, has intensified the call for researchers to 

ore explicitly break from isolated disciplines and use 
ntegrative, transdisciplinary, scientific approaches.1 

ransdisciplinary science can be conducted by collab
rative teams with members from different scientific 
isciplines and even nonscientific professions (e.g., 
rchitecture, city planning, law). Alternatively, transdis
iplinary science can be conducted by individual scien
ists who become integrative in their disciplinary ap
roach to research.2,3 Kessel et al.4 present case studies 
f collaborative teams of scientists and individual scien
ists who are integrative in their work. Examples of case 
tudies from their volume will be used to illustrate key 
oints. For example, Jay Kaplan, a physical anthropol
gist at Wake Forest University, and Stephen Manuck, a 
sychologist at the University of Pittsburgh, use a team 
pproach. Each relies on his own discipline-specific 
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lpert Medical School of Brown University, and The Miriam Hospi
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xpertise to collaborate in their examination of the role 
f behavior in the development of heart disease.5 On 
he other hand, Richard J. Davidson is an individual 
cientist who is integrative in his examination of the 
eural substrates of emotion.6 

Transdisciplinary training can occur at any level of 
areer development. At an early career stage, doctoral 
raining can be inherently transdisciplinary. The PhD 
rogram in Social Ecology at the University of Califor
ia Irvine is an example of a doctoral program that has 
n established record of training scientists who are 
ransdisciplinary. Early career transdisciplinary training 
s advantageous in that students are more readily ac
eptable of different disciplinary approaches and learn 
o conceptualize across theoretical perspectives and 

ultiple levels at the outset of their scientific experi
nce. Early career transdisciplinary training has the 
imitation, however, of not providing what some, in
luding Kaplan,5 would consider important. Students 
o not receive grounding in a set of specific disciplinary 
kills relating to a particular body of knowledge. At later 
areer stages, scientists are better-grounded in a disci
linary approach. The Robert Wood Johnson Founda
ion Health and Society Scholars program trains post
raduate fellows who address the determinants of 
ealth problems across biological, behavioral, environ

ental, and social levels. Transdisciplinary training at 

0749-3797/08/$–see front matter S133 
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ater career stages is disadvantageous when scientists 
re more fixed in their scientific ways and less open to 
ncorporating new disciplinary approaches into their 
ork. 
Early in training at the undergraduate or early grad

ate levels, a more didactic-intensive approach is used. 
t the advanced graduate level and beyond, an appren

iceship model is more typical, with mentoring playing 
 central role in transdisciplinary training. In the 
ingle-mentor apprenticeship approach, a transdisci
linary researcher serves as a mentor, and a model, for 
 student who learns to conduct transdisciplinary re
earch. The single-mentor model in transdisciplinary 
raining is not common.7–9 The use of multiple men
ors is often a necessity because most scientists who can 
erve as mentors were trained in a single discipline, 
perate from a single disciplinary framework, and are 
mployed within traditionally structured departments. 
n this approach, each mentor on the team trains in his 
r her separate discipline. With a team of mentors, a 
rainee’s proximity to mentors is desirable but not 
lways certain. Mentors can be located within separate 
epartments at the same institution or at separate 

nstitutions as part of geographically dispersed net
orks.10,11 In this paper, the focus is on training at the 
dvanced graduate and postdoctoral levels, using an 
pprenticeship model with multiple mentors, to de
elop scientists who will individually approach research 
rom a transdisciplinary perspective. 

onceptual Understanding of Transdisciplinary 
raining 

he distinction between transdisciplinary training and 
ther integrative training approaches (e.g., interdisci
linary training) is not yet delineated. The distinction 

n training presented here follows the distinguishing of 
ifferent integrative research approaches made by 
osenfield12 and, more recently, Rosenfield and Kes

el.13 They distinguish different integrative research 
pproaches on the explicitness in which the team 
embers integrate disciplinary perspectives and ana

ytic levels. Similarly, it is suggested here that in multi
isciplinary training, trainees are taught a single disci
linary approach but also learn to work alongside 
esearchers from other disciplines. The intention of 
nterdisciplinary training, on the other hand, is to 
evelop scientists who possess a working knowledge of 
ifferent disciplinary conceptual frameworks and meth
dologic tools. Transdisciplinary training is defined by 

ts intention to produce scientists who are able to 
ynthesize theoretical and methodologic aspects of 
ifferent disciplines in a defined problem area. The 
ifferences in training approaches lie in the presence 
       

nd level of disciplinary integration involved, with e

134 American Journal of Preventive Medicine, Volume 35, Num
ingle-disciplinary training and transdisciplinary train
ng anchoring the two extremes. 

onstraints and Challenges in Transdisciplinary 
raining 

he challenges in transdisciplinary training extend 
eyond learning topic knowledge and research skills in 
ifferent disciplines. The challenges occur at the in
rapersonal, interpersonal, and systems levels. In en
ountering all the challenges, the transdisciplinary 
rainee confronts some forces that act to push him or 
er away from engaging in unfamiliar disciplines and 
ther forces that act to pull him or her back into 
perating solely from the secure, familiar disciplinary 
old. In Figure 1, the challenges in transdisciplinary 
raining are presented along with facilitating factors 
hat influence training outcomes. 

 Tale of Two Learning Cultures 

bstacles develop when the natural learning style of 
he transdisciplinary trainee conflicts with the teaching 
pproaches used in different disciplines and at differ
nt levels of analysis.14,15 In their team approach to 
xamining the determinants of cardiovascular health, 
ary Berntson, a more basic psychobiological and 
ehavioral neuroscientist, and John Cacioppo, a social 
sychologist, recognize the challenges in learning to 

ntegrate factors across a basic biological level and a 
ocial–cultural level.16 For example, a trainee who is 
articularly strong in memorizing and reproducing 

arge amounts of factual information may be facile in 
earning human biology, which is anchored in concrete 
natomy and genetics. That trainee could become 
ewildered when shifting to social psychology, which is 
ased on a complex set of abstractions that represent 
he interacting actions and influences of relationships 
mong individuals, groups, societies, and cultures. 
hus, it is important for transdisciplinary trainees to 
ave a sense of how learning occurs in different disci
lines in addition to knowing what needs to be learned. 
t is especially challenging for trainees to venture into 
he space that exists between the two disciplines, where 
he learning and teaching approaches have yet to be 
stablished.17 

earning Language Within the Learning Cultures 

ach disciplinary culture has a language with special
zed terminology that allows for efficient communica
ion betweens its members. Success in transdisciplinary 
raining hinges on the capacity of trainees to be able to 
peak the different disciplinary languages.2,9,13,17,18 

earning different disciplinary languages is one of 
he most time-consuming, confusing, and frustrating 
  

xperiences for trainees. Once successful, however, 

ber 2S www.ajpm-online.net 
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he transdisciplinary trainee 
ot only learns elements of 
ach language, but is unique 
n speaking a hybrid lan
uage that develops from the 
ore terminology of each dis
iplinary language. The de
elopment of this hybrid 
anguage is part of the innova
ion that occurs in transdisci
linary training and research, 
long with the development 
f unique theoretical per
pectives and methodologic 
pproaches. 

perating in the 
mbiguity Among the 
isciplines 

ransdisciplinary trainees, 
ho are already challenged 
ith learning how to ma
euver within separate disci
linary structures, also have 
o learn how to operate in 
he ambiguous space be
ween the disciplines.17 This 
pace is where constructs 
re ill-defined, methods not 
et established, and training 
bjectives unspecified (e.g., 
opic knowledge, methods, 
nd skills to be learned). 
his is uncharted territory 
ith terrain that only the 

rainee traverses. Mentors, 
ho remain comfortably sit
ated within the confines of 
heir respective disciplines, are limited in their ability to 
uide trainees through the ambiguity existing between 
isciplines. The trainee, by confronting the unique and 
omplex theoretical and methodologic problems 
lone, ultimately creates innovative solutions that re
ect a synthesis of disciplinary perspectives, a formation 
f innovative hypotheses, and a creation of new meth
dologic tools. 

ngaging with Unfamiliar Others in an 
nsupportive Environment 

ffective interpersonal relationships are central to suc
essful collaborative ventures. In transdisciplinary train
ng, relationship-building involves extra challenges. 
aculty and trainee relationships that occur across 
isciplinary lines require engaging with those who not 

Figure 1. Transdisciplina
outcomes 
nly speak different disciplinary languages but also use t

ugust 2008 
ining elements, facilitating and challenging factors, and 

nfamiliar scientific approaches and who may harbor a 
ubtle antagonism toward disciplinary approaches 
ther than their own. 
The antagonism can be a byproduct of the culture of 

raditional academic structures that breeds disciplinary 
tereotyping, prejudice, and rivalry. Traditional aca
emics reinforce narrowly defined disciplines with well-
efined boundaries.1,19 The similarities among the 
isciplines are not adequately recognized and the dif
erences between them are not well-respected.20 The 
ituation is further exacerbated by interdepartmental 
ivalry that occurs as departments compete for finite 
esources from the parent institution. In the traditional 
cademic environment, faculty and trainees who need 
upport in their efforts to cross disciplinary lines are 
nstead discouraged. Davidson6 considers the trainee’s 
bility to cross disciplinary, departmental, and institu
ry tra
ional divides a critical aspect of transdisciplinary train-

Am J Prev Med 2008;35(2S) S135 
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ng. As a graduate student in psychology at Harvard, he 
rossed disciplinary and departmental lines to learn 
ehavioral neurology from scientists at Harvard Medi
al School and crossed disciplinary, departmental, and 
nstitutional lines to learn neuroanatomy from scien
ists at Massachusetts Institute of Technology. 

onfronting Compromises in Career 
evelopment and Confusion in Identity 

he climb onto and up the academic ladder can leave 
ransdisciplinary researchers feeling misunderstood, 
ndervalued, and without a clearly defined disciplinary 

dentity.8,9,15,18,21,22 The fundamental dilemma is the 
erception that the trainee is a jack-of-all-trades but 
aster of none. 
After investing extra time to complete formal train

ng, the trainee may face compromised prospects in 
ecoming employed. Individuals trained in transdisci
linary approaches are competitive for positions at the 
oundaries between disciplines (e.g., positions in com
rehensive cancer centers) but are at a disadvantage in 
eeking specialist jobs within traditional academic 
epartments. 
Once hired, transdisciplinary researchers may find 

hat their paths through the academic ranks may not be 
s swift or smooth as that of their more traditionally 
rained peers.1 Transdisciplinary researchers wonder 
ow they will fare in publishing manuscripts and ob

aining grants when their theoretical and methodologic 
ork does not reside neatly within any one disci
line.12,13 As transdisciplinary researchers, they face 
rant and manuscript reviewers who have a natural 
endency to be critical of work that is unfamiliar. 
avidson,6 as an individual scientist, and Berntson and 
acioppo,16 as collaborative scientists, encountered 
arly career challenges in obtaining grant funding 
ecause the innovative, transdisciplinary nature of their 
esearch was not recognized by review panels represent
ng more traditional disciplines and perspectives. Dav
dson’s experience6 was that grant reviewers at the time 
id not recognize that emotions could affect health and 
ere not competent in both biological measures and 
motion research. 
Even when they secure grants and publish articles, 

ransdisciplinary researchers face hurdles in having 
heir original contributions recognized by members of 
romotion and tenure committees. Publications that 
re outside of recognized discipline-specific journals, or 
hat are team-authored, are held in lower regard.1,12,13 

ight and her colleagues23 at the University of North 
arolina note that collaborative cross-disciplinary 

esearch frequently requires that five or more au
hors share credit on important papers. In some cases 
he co-authors will have contributed almost as much 
s the first author, yet they receive substantially less 
       

ecognition. v
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actors That Facilitate Overcoming the Challenges 

espite the challenges inherent in transdisciplinary 
raining, formal investments and commitments con
inue to be made by funding agencies, institutions, 
rofessional societies, publishers, leaders, mentors, and 
rainees. Institutions recognize that transdisciplinary 
raining initiatives can help fertilize interdisciplinary 
nd interdepartmental research, opening opportuni
ies for new funding sources. Identifying the factors 
hat can facilitate the training of transdisciplinary sci
ntists will help to overcome the number of challenges 
hat are present. The factors that are assumed to 
acilitate transdisciplinary training are, for the most 
art, based on observational data that have a very small 
vidence base. In Figure 1, factors that facilitate trans-
isciplinary training are presented along with the chal

enges that occur as they influence training outcomes. 
Transdisciplinary training often involves a team ap

roach with trainees, mentors, training program lead
rs, and institutional leaders all central to the process. 
t is helpful to explicate the factors that facilitate 
eamwork and team effectiveness. In their contempo
ary organizational psychology perspective, Kozlowski 
nd Ilgen24 report that factors that relate to team 
ffectiveness are (1) cognitive processes (e.g., team 
limate, team mental models, and transactive memory); 
2) motivational processes (e.g., cohesion, collective 
fficacy, group potency); and (3) behavioral processes 
e.g., team competencies, functions, and regulatory 
echanisms). 
Transdisciplinary training functions best when its 
embers capitalize on their own knowledge and exper

ise, are cohesive and confident, have resources allo
ated appropriately, and coordinate their collective 
ctions well.24,25 Problems in training develop when the 
eam members do not have a shared strategic training 
ision, get derailed from their central focus by conflict, 
o not learn from their mistakes, and are not support

ve of each other. The training team must also be able 
o anticipate and adapt to the dynamics of the larger 

ultilevel organizational system in which it operates.25 

Training programs at the University of Wisconsin 
nd at the University of California San Francisco take 
nto account multilevel organizational factors to create 
n environment that is conducive to transdisciplinary 
raining.6,26 Training in these programs is flexible and 
rovides access to a wide range of training opportuni
ies (e.g., courses, seminars) and laboratory research 
xperience across many departments. For example, the 
rogram at Wisconsin, directed by Davidson,6 has grad
ate students in psychology taking courses in neuro
natomy and neurophysiology in the medical school 
nd magnetic resonance physics in the department of 
edical physics. The training faculty are collaborative 

n their approach and come from departments with 
  

ery good interdepartmental relationships. 
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Consistent with an organizational psychology frame
ork regarding work groups and teamwork, the discus

ion that follows highlights factors that also relate to 
ransdisciplinary training effectiveness. Some of these 
actors, termed antecedent factors by Stokols and col
eagues,10,11,27,28 are pre-existing within individuals and 
nstitutions. Other factors, termed intervening pro
esses, occur during the training. Figure 1 shows how 
acilitating factors combine with challenges in transdis
iplinary training to influence training outcomes. 

ndividual-Level Factors 

or trainees, mentors, and program directors, the 
ossession of the following characteristics will greatly 
nhance training effectiveness. 

ommunication. Confusion and lack of clarity are in
erent in the transdisciplinary training process. The 
bility to communicate is an essential skill for transdis
iplinary trainees, mentors, and program directors. 
rogram directors and mentors who communicate 
learly with minimal technical jargon help the trainee 
rom becoming confused and frustrated. Understand
ble communication also facilitates the trainee’s ability 
o learn the language of the unfamiliar discipline. The 
rainee is responsible for seeking clarification at those 
nevitable times when there is a lack of understanding. 
ommunicating openly and often is necessary for train
es, mentors, and directors to build all-important trust. 

rust. Trust, an essential ingredient in any close 
orking relationship, is especially critical in the 
elationships among trainees, mentors, and directors 
n transdisciplinary training programs. Considering 
he professional risks assumed and the somewhat spec
lative nature of the programmatic research under
aken, the trainee must willingly trust in the transdisci
linary training process and in the judgment of 
entors and program directors. Trust allows the 

rainee to expose vulnerabilities associated with not 
nowing, and to seek information about basic aspects of 
 specific disciplinary approach. With trust, the trainee 
s willing to leap into the disciplinary divide, wallow in 
ts uncertainty, and be guided by mentors down a 
esearch and career path with an uncertain outcome. 
he trainee’s trust of mentors cannot be blind; some 
mount of savvy is needed in knowing the role of each 
entor and who and when to trust in navigating 
ultiple mentor relationships. 

haracteristics consistent with the transdisciplinary 
thic. There are core characteristics involving attitudes 
nd behaviors that reflect an ethic that allows trainees, 
entors, and program directors to navigate the trans-

isciplinary research and training process.2,12,13,22,27 

he characteristics (Table 1) provide protection from 
ecoming parochial about a trainee’s primary disci

line and from regressing back to what is familiar. They t

ugust 2008 
able 1. Characteristics consistent with the transdisciplinary 
thic 

penness and respect for different disciplinary approaches 
esire to work in collaborative teams involving multiple 
disciplines 

road-gauged contextual thinking 
nterest in using multiple methodologic tools 
ntellectual curiosity and willingness to take intellectual 

risks 
olerance for uncertainty 
elf-assuredness and non-defensiveness when not knowing 
ssertiveness in seeking clarification 
ptimism, tenaciousness, and willingness to operate 
without clear, immediate rewards 

bility to lead and foster mutual respect and trust in others 

eep the trainee from becoming too discouraged when 
onfronting multiple challenges and when tangible 
ewards are not immediately apparent. The character
stics are important for learning to participate in and 
ead collaborative teams. 

unding Agency and Training Institution-Level 
actors 

unding. Funding agencies are essential in dedicat
ng dollars to transdisciplinary training for building 
nd maintaining a training infrastructure, supporting 
rainee stipends, funding faculty to develop and imple

ent specialized curricula, and evaluating program 
ffectiveness. The National Cancer Institute (NCI)’s 
ancer Education and Career Development Program 
NCI R25T) mechanism is an excellent example of 
upport for developing innovative transdisciplinary 
raining structures and curricula. Funders can be help
ul by actively working with training directors to ensure 
hat the training does not regress to the confines of 
ndividual disciplinary approaches.2 

raining program leadership and institutional struc
ures. The presence of an influential, strong, and 
ommitted training director is critical to the success of 
 transdisciplinary training program.2,3,11,13 The most 
ffective training directors are those who are well-
espected, trusted, and convincing in communicating a 
hared vision to all stakeholders, including institutional 
dministrators, research faculty, mentors, and trainees. 
ffective directors build and maintain the training 

tructures as well as manage the training processes. 
aintaining an awareness of the system dynamics and 

mplementing measures for problem prevention and 
esolution are important in protecting the most vulner
ble training resource, the trainee. 

Within the institution, designing physical space, 
tructuring academic operations, and creating incen
ive structures for cross-disciplinary science are essential 
or fostering cross-disciplinary learning and collabora
ion.13,19 Factors found to enhance science integra-

ion—and the likelihood of the serendipitous develop-
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ent of innovative ideas between trainees and 
entors—include proximity of research space among 

ollaborators, streamlined administrative arrange
ents, and a history of collaborations between partic

pating departments that are closer in disciplinary 
cope.10,11,13,15,27 It may be necessary to physically and 
tructurally separate research and training centers from 
raditional departments instead of trying to overcome 
he impediments to transdisciplinary training that exist 
n traditionally structured institutions.18 Davidson6 

otes that at Wisconsin he has the advantage of having 
he medical school and campus-based departments in 
lose proximity. 

ntervening Processes During Training 

eparate from the antecedents that are in place prior to 
raining, intervening processes during training can 
elp the trainee to feel respected, valued, and sup
orted; keep the training process on course; and coun
eract the natural tendencies to regress to the familiar 
isciplinary approach.10,11 

ime. The availability of adequate time is necessary for 
he transdisciplinary training structure and process to 
evelop.17,27 Time allows for effective communication 

o occur, trusting relationships to build, different disci
linary languages to be understood and spoken, trans-
isciplinary values to develop, and theoretical knowl
dge and methodologic skills in other disciplinary 
pproaches to be learned. One example of protecting 
ime for transdisciplinary training is the NCI Cancer 
revention Fellowship Program’s providing scientists 
elease time from other duties so they can engage in 
raining activities for fellows.8 A second example is the 
CI R25T funding mechanism, which provides partial 

alary support for investigators to create innovative 
ransdisciplinary curricula. An initial investment in 
ime will enhance the quality of the outcomes and 
ventually yield a savings of time once the transdisci
linary structure and processes are in place. 

efined research problem and an individualized train
ng plan. Wallowing in uncertainty is inherent in the 
ransdisciplinary learning process. Guarding against 
nnecessary wallowing is important so that the trainee 

s able to avoid prolonged aimlessness and lack of 
evelopment. Two keys to ensuring progress toward 
raining goals are (1) focusing training on addressing a 
pecific research problem, rather than trying to indis
riminately master all theoretical and methodologic 
spects of each disciplinary approach, and (2) main
aining a reasonably limited disciplinary scope in 
raining.13,18,22 

A clearly defined research problem helps to anchor 
he trainee’s programmatic research development and 
he transdisciplinary training process. The research 
       

roblem also orients the training director, mentors, t

138 American Journal of Preventive Medicine, Volume 35, Num
able 2. Components of an individualized training plan 

I. Trainee 
II. Programmatic research objective 
II. Mentoring team 

A. Primary mentor 
B. Secondary Mentor 1 
C. Secondary Mentor 2 
D. Advisor 

IV. Competencies to attain 
A. Transdisciplinary training and research process 
B. Content knowledge (Discipline 1, Discipline 2, 

Discipline 3) 
C. Research methods (Discipline 1, Discipline 2, 

Discipline 3) 
D. Manuscript writing 
E. Grantsmanship/grantwriting 
F. Research ethics 

V. Methods to attain competencies 
A. Didactics 

1. Courses 
2. Seminars 
3. Journal clubs/brown bags 

B. Mentored research experiences 
1. Mentor projects 

a.	 Primary mentor project (project aim, trainee 
role) 

b.	 Secondary Mentor 1 projects (project aim, 
trainee role) 

c.	 Secondary Mentor 2 projects (project aim, 
trainee role) 

2. Independent research projects (project aims, 
trainee roles) 

nd trainee in developing an individualized training 
lan. In defining the research problem and the disci
linary scope of training, the horizontal and vertical 
isciplinary integrations should be complementary and 
alanced.10,27 A trainee who is being trained across 
isciplines that are too divergent can feel fragmented 
nd polarized, which intensifies the pull back into the 
amiliar disciplinary approach.27 If a trainee’s program 
s too narrow in disciplinary focus, potential innovation 
an be suppressed.18 

An individualized training plan can be used to map 
he training process and content around the defined 
esearch problem.22 Table 2 outlines the components 
f an individualized training plan. 

entoring structure and processes. In transdisci
linary training, students can benefit enormously from 

he team-mentoring structure, with each mentor repre
enting a different discipline.6 Team mentoring pro
ides a breadth of experience that is unattainable 
hrough any single mentor. In team mentoring, each 

entor helps the trainee to learn the content and skills 
f a particular disciplinary approach. In addition, each 
entor also has a responsibility to help the trainee shift 

n and out of each discipline and work in the space 
etween the disciplines. A mentor within the trainee’s 
rimary discipline has the responsibility of helping the 
  

rainee to move the beyond the discipline. A mentor in 

ber 2S	 www.ajpm-online.net 
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 complementary discipline has the responsibility of 
nsuring that the trainee is receiving relevant and 
ufficient coverage of that discipline’s approach. 

Frequent meetings, both scheduled and impromptu, 
re important. Regular meetings among members of 
he mentoring team and training directors keep the 
raining process coordinated so that everyone works 
oward the stated objectives in the training plan. In 
ituations where individuals involved in training lack 
roximity, reliance on telecommunications and other 
orms of electronic technologies helps to maintain as 

uch contact as possible. Kaplan at Wake Forest Uni
ersity and Manuck at the University of Pittsburgh5 do 
ot let being at different institutions impede their 
ommunication. They take advantage of technologic 
dvances in communication to stay in regular contact 
nd to seamlessly exchange data and manuscripts. They 
ote that they probably spend as much time in contact 
ith each other as either does with his colleagues at the 

ame institution. There is no substitute, however, for 
ace-to-face contact.29 

eta training about the transdisciplinary research and 
raining process. The training process can be explicit 
n helping the trainee understand how to manage the 
nique aspects and challenges of engaging in transdis
iplinary training. Training can include helping the 
rainee to (1) understand the conceptual distinction of 
ransdisciplinary training; (2) learn how to manage the 
bstacles and capitalize on the facilitators existing at 
he institutional, program, and individual levels in 
ransdisciplinary training and research; (3) manage the 
nique career-development challenges related to secur

ng academic jobs, funding, publication, promotion, 
nd tenure; and (4) develop strategies to facilitate 
hifting in and out of disciplinary frameworks and 
orking between frameworks that are paradigmatically 
ifferent. The program can help the trainee to know the 
ultural and instructional styles of the different disciplines 
nd how well they intersect with the trainee’s own learn
ng style. The knowledge and skills related to transdisci
linary training and research can best be developed 
hrough a combination of formal didactics, research 
xperiences, and mentorship. 

uture Directions 

here is much written but little known empirically 
bout training across disciplines. There is an opportu
ity to (1) develop a better understanding of the 
perational distinctions of different integrative training 
pproaches, (2) empirically determine the effective 
lements of transdisciplinary training models, (3) de
ne the outcome metrics appropriate at different time 

rames, and (4) create toolkits to help with training 

rocess and administration.10,11 t

ugust 2008 
able 3. Indications of transdisciplinary qualities in 
cholarly products 

ransdisciplinary scope of the research topic and its 
conceptualization 
iversity of research methods used in the study 
ontextual scope of the author’s conceptualization of the 
research topic 
ypotheses generated that synthesize 
theoreticaltheoreticalalal frameworks from different 
disciplines 

evels of analysis bridged 
o-authors from different disciplines 

ote: Adapted in part from Mitrany and Stokols15 

aking Operational Distinctions 
mong Conceptually Different Forms 
f Integrative Training 

ultidisciplinary, interdisciplinary, and transdisci
linary training have different training objectives. 
here is yet no clear articulation of how the various 

raining approaches differ in structures, methods, or 
rocesses to achieve the different objectives. Nor is it 
nown what specific elements of training are critical to 
he transdisciplinary trainee’s being able to synthesize 
heoretical and methodologic aspects of different 
isciplines. 

mpirically Identifying the Effective Elements of 
ransdisciplinary Training Models 

here have been few empirical efforts that examine the 
ransdisciplinary training process and outcome.11,15,22,30 

he development of theoretically based qualitative and 
uantitative methodologic approaches is needed to iden
ify (1) essential individual characteristics in trainees, 

entors, and program leaders; and (2) key institutional 
ualities, training structures, and processes that relate to 
raining success. 

efining the Metrics and Time Frames of 
utcome 

he ultimate determination of success will be the 
ventual impact that trainees have as scientists who use 
ntegrative theoretical perspectives and methodologic 
pproaches to improve the nation’s health. At present, 
he more immediate focus can be on evaluations of the 
uality, novelty, and scope of the disciplinary integra
ion in the trainees’ work at different time points 
uring and following training.10,11,15,21 Figure 1 dis
lays some of the outcomes that can be considered at 
ifferent time points. Outcome assessments can build 
n the initial work of Stokols and Rosenfield.11,15 Table 
 lists criteria that can be considered indicators of 
isciplinary integration. Also needed is the establish
ent of other indicators of program effectiveness be

ond trainee performance, such as the performances of 

he mentors and the effectiveness of the program. 
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eveloping Training Toolkits 

 greater empirical understanding of transdisciplinary 
raining processes and outcomes can help inform the 
evelopment of training toolkits.11 Training toolkits 
an contain materials to be used by training directors 
or multiple purposes, including training and evalua
ion. Examples of toolkits used for training purposes 
nclude (1) helping the trainee to understand the 
niqueness, challenges, and the processes of transdis
iplinary training and research; (2) helping the trainee 
o develop some of the essential transdisciplinary values 
nd skills competencies; and (3) guiding mentors in 
raining transdisciplinary scientists, especially mentors 
ho work with trainees outside their primary discipline. 
xamples of toolkits used for evaluation purposes in
lude (1) audits of training readiness to assess the 
resence of transdisciplinary characteristics in prospec
ive trainees,11 (2) audits of mentoring readiness for 
otential mentors, and (3) assessment methods and 
easures to monitor ongoing processes in transdisci

linary training and to evaluate outcomes. Toolkits 
sed for evaluation purposes will benefit from the 
evelopment of common definitions and standards of 
hat constitutes adequate evidence. 
This is an exciting time in the evolution of science 

nd the training of scientists. Disciplinary integration is 
ncreasingly called upon to address the complexities of 
ealth problems. The integration of disciplinary re
earch creates new hybrid disciplines (e.g., genetic 
pidemiology) and, in a reciprocal way, influences the 
ay disciplinary science is conducted. Today’s transdis
iplinary training has great potential to affect tomor
ow’s mentoring models in innovative ways. Now is the 
ime for the scientific community to take action to 
etter delineate the different integrative training ap
roaches, identify their effective elements, and deter
ine their long-term impact. 

o financial disclosures were reported by the author of this 
aper. 
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he Social Determinants of Cancer 
 Challenge for Transdisciplinary Science 

obert A. Hiatt, MD, PhD, Nancy Breen, PhD 

bstract:	 To make further significant advances in cancer control research, a transdisciplinary science 
approach is needed that integrates the study of the biological nature of cancer and its 
clinical applications with the behavioral and social influences on cancer. More-effective 
interventions to reduce the burden of cancer can be developed and implemented by the 
adoption of a transdisciplinary research framework that takes into account the social 
determinants of cancer and seeks to discover interactions among social, environmental, 
behavioral, and biological factors in cancer etiology. This paper addresses two critical issues 
in the science of team science: (1) a cross-disciplinary, multilevel framework for organizing 
future research, and (2) a perspective that could aid in the translation and dissemination 
of cancer research findings in health care and public health practice. This conceptual 
framework is designed to encourage transdisciplinary research that will integrate social 
determinants into cancer research. The authors’ goal is to promote a more complete 
understanding of the causes of cancer that will lead to the improved translation and 
implementation of the results of research. 
(Am J Prev Med 2008;35(2S):S141–S150) © 2008 American Journal of Preventive Medicine 
a
r
T
m
w
w
p
c
p
i
t
p
w
i
T
d
a
o
f
t
b
e
t
s
d
c
b
i

c

ntroduction 

ancer is a group of diseases that impose a heavy 
burden on the public health and pose a chal
lenge to science. While the century-long trend 

f increasing cancer mortality in this country was 
eversed in the mid-1990s, cancer remains the second 
eading cause of death,1 the toll on human suffering is 
rofound, and its economic costs to society are substan

ial.2 Furthermore, cancer presents an intellectually 
omplex set of problems because of multiple sites and 
ausation, inadequately understood biology, and myr
ad intervention strategies. Impressive progress has 
een made against cancer, but not solely because of 
ew knowledge about its genetics and molecular biol
gy or new therapeutic approaches. Progress has also 
ollowed in the footsteps of understanding the social 
nd behavioral determinants of cancer. 

To make further significant advances in cancer con
rol research, a transdisciplinary approach is needed 
hat integrates the study of the biological nature of 
ancer and its clinical applications with the behavioral 
nd social influences on the disease. Cancer research is 
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n example of how the complexities of modern science 
equire teams of investigators from many disciplines.3 

ransdisciplinarity is a process in team science in which 
embers share conceptual and methodologic frame
orks to integrate concepts from their own disciplines 
ith those of other scientists to solve a particular 
roblem at hand; in doing so, they develop new con
epts and perspectives that go beyond their own disci
lines.4–8  It differs from a multidisciplinary approach 

n which groups of scientists independently or sequen
ially apply their own disciplinary perspectives to a 
roblem, and from an interdisciplinary approach in 
hich scientists are integrated as a team but still work 

ndependently from their own disciplinary perspectives. 
he unexpected and novel insights generated by trans-
isciplinary science come from a truly integrated team 
pproach in which scientists are willing to hold their 
wn knowledge lightly and to seek new perspectives 
rom interaction with others. Examples of successful 
ransdisciplinary science can be found in the fields of 
ioengineering, environmental economics, space sci
nce, meteorology, and others.9–11 It can be argued 
hat taking a cells-to-society approach in cancer control 
cience means that more-effective interventions can be 
eveloped and implemented to reduce the burden of 
ancer. To accomplish this, the perspective advanced 
y the IOM and others that uses a socioecologic model 

s supported by the authors.3,12 

The socioecologic model or perspective implies re
iprocal causation between the individual and the 

nvironment that essentially defines interactive ef-

0749-3797/08/$–see front matter S141 
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ects.13 First developed to 
xplain human behavior 
ithin society,14 this model 
as been increasingly ap
lied to broaden the under
tanding of health issues.15 

owever, to fully opera
ionalize the socioecologic 

odel and concepts like the 
eb of causation16 and em
odiment,12 a range of sci
ntific perspectives is re
uired. Transdisciplinary 
ancer control research pro
ides a framework for bring
ng the interdisciplinary 
ange of scientists together 
o that they can study and 
nalyze the wide range and 
ypes of inputs located at 
arious levels (from cells to 
ociety). The goal of trans-
isciplinary science is to 
ield a detailed and vivid 
napshot of the impact of 
he web of causation and to 
ationalize interventions at 
arious critical points in the resulting picture. 

The authors’ definition of social determinants en
ompasses social and economic conditions such as 
overty, the conditions of work and healthcare delivery; 

he chemical toxicants and pollutants associated with 
ndustrial development; and the positive aspects of 
uman settlements that make active living and healthy 
ating possible. The socioecologic model incorporates 
nd augments discoveries in cancer biology and clinical 
ncology, in addition to those from the social sciences. 
 key question in cancer research is why social deter
inants are important: Is it because of their indirect 

ffects through individual risk factors or behaviors, like 
moking; because they interact with genetic and other 
iological factors (e.g., gene–environment interac
ions); because they are direct and irreducible causes of 
llness regardless of intervening variables3,17; or be
ause of all these reasons? Krieger18 has recently pro
osed the banishment of the terms proximal and distal 
o emphasize the importance of avoiding linear causal 
hinking and to consider how social determinants 

ight act across non-adjacent levels. 
Two critical issues in the science of team science are 

ddressed in this paper7: (1) a cross-disciplinary, mul
ilevel framework for organizing future research, and 
2) a perspective that could aid in the translation and 
issemination of cancer research findings in health 
are and public health practice.3,4 This conceptual 
ramework (Figure 1) is designed to encourage trans-

Figure 1. Social determina
to other levels of analysis a
systems are less likely to in
the preclinical phase of th
isciplinary research that will integrate social determi- c

142 American Journal of Preventive Medicine, Volume 35, Num
f cancer. Framework illustrates how social determinants relate 
pes of interventions along the cancer continuum. Healthcare 
ce cancer incidence than mortality and are lightly shaded in 
tinuum. 

ants into cancer research. The goal is to promote a 
ore complete understanding of the causes of cancer, 

eading to the improved translation and implementa
ion of research results. 

ramework 

his framework is designed to aid in conceptualizing 
ow social determinants interact with other factors in 

he etiology of cancer and to capture changes over 
ime. It begins with the cancer continuum,19 adds levels 
f analysis,20 –22 and considers the impact of interven
ions along the continuum.23,24 It draws on the grid 
laborated by Krieger25 to distinguish domains of social 
nequality across the cancer continuum. Throughout, 
he need is stressed for a transdisciplinary approach to 
ring these concepts together. This framework invites 
esearchers from all disciplines to engage in cancer 
esearch within the context of its social determinants as 
art of the “bold experiment” of transdisciplinary 
esearch.26 

he Cancer Continuum 

he cancer continuum forms the horizontal axis for 
he framework and illustrates the course of cancer from 
isease-free through preclinical early cancer to diagno
is, to survivorship, and to end-of-life and death.19 Each 
hase is influenced by different factors in the social 
nvironment, and together they incorporate a life-
nts o
nd ty
fluen
ourse approach. Different disciplines usually focus on 
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ifferent stages of this continuum, but the authors 
ontend that a transdisciplinary approach that consid
rs and integrates research questions and findings all 
long this continuum and over the life course could 
ield more valuable scientific outcomes. 

ultiple Levels of Analysis 

he concept of levels of analysis used by Anderson27 

orms the basis for elucidating social factors that influ
nce cancer incidence and mortality. A healthcare 
evel28 influenced by social forces and critical to cancer 
utcomes has been added. Multiple additional levels 
ould be introduced into this framework (as has been 
one in other models29) as they are needed to high

ight specific research approaches or pathways (e.g., the 
hysical environment). For simplicity, four levels have 
een selected. First, the focus is on broad social condi
ions and policies; second, on the impact of healthcare 
ystems; third, on behavioral and psychological factors; 
nd finally, on the biological mechanisms of carcino
enesis. Interventions to reduce disparities and the 
urden of disease may be introduced at any of these 

evels. 
Although this framework represents these relation

hips as a simple, linear process, they are neither simple 
or linear.30 Complex, multidirectional interactions 

ink biological, clinical, and broader social influences 
nto a web of causation.16,18 For example, biological 
actors can influence behavior and generate a need for 
ealthcare interventions. Also, policies and legislation 
oncerning coverage for health care can shape individ
al behaviors and the use of clinical services. This 
omplex, multidirectional interaction of social determi
ants with other levels challenges researchers working 

n all areas of cancer investigation to consider the 
pecific pathways and mechanisms that might link their 
esults to fundamental causes. Because cancer involves 
he complete spectrum of scientific endeavor from 
enes to society, a transdisciplinary research perspec
ive may be the best approach for understanding the 
omplex, multilevel causal mechanisms and pathways 
eeded to inform cancer control interventions and 
olicies. 

ocial Determinants 

ocial determinants have been called the fundamental 
auses of health and disease,31 and this is how the term 
s used here. They are also characterized as the upstream 
r distal social, environmental, economic, and cultural 
actors that shape or determine individual and group 
ehavior.32–34 In the framework, social determinants 

nclude the physical and built environment that are 
art of or the result of human activity. Krieger25 

numerated the key social determinants of cancer in 
er grid. Others also have discussed how fundamental 

auses and upstream events influence population w

ugust 2008 
ealth.33,35–37 Although associations between social de
erminants and population health outcomes may some
imes appear self-evident, few causal relations have 
een rigorously established. 
Understanding how resources and forms of dis

rimination are distributed in the population is key 
o understanding fundamental causes. Common mea
ures of socioeconomic resource distribution include 
ccupation, income, wealth, poverty, debt, employment 
tatus, education, and health-insurance coverage. Dis
rimination occurs on the basis of race, gender, age, 
exual orientation, and other factors. These distribu
ions can be measured at various levels (e.g., individual, 
ommunity, county, state, national). Clearly these fun
amental causes affect a broad range of health out
omes (e.g., cardiovascular diseases, diabetes, cancer), 
nd a strong case has been made for shifting from the 
raditional NIH disease-specific approach to an ap
roach that considers the multiple outcomes of com
on causes.3 Yet much can be learned by focusing on 

 particular disease as long as researchers recognize 
hat the social determinants of that disease may have 
ther downstream health consequences. 
Examining the distributions of social determinants at 

arious levels across the cancer continuum exposes 
onrandom patterns of cancer-related behaviors and 
utcomes among groups or individuals that may inform 
ey biological mechanisms or be influenced by them.38 

he transdisciplinary research task is complex, and will 
equire teams of scientists willing both to teach aspects 
f their disciplines to scientists in other fields and to 
ngage in the painstaking task of formulating new 
onceptual models more appropriate to the problem. 
owever, such a transdisciplinary approach may be just 
hat is needed to realize cancer control objectives, such 

39,40s those in Healthy People 2010. 

he Role of the Healthcare System in Cancer 
ncidence and Mortality 

he relative importance of health care versus social-
evel factors has been hotly debated in the population 
ealth literature.33,41,42 A challenge for cancer control 
esearch is to clearly distinguish outcomes that are due 
o deficiencies in healthcare delivery from those exter
al to it, so that interventions can be appropriately 

argeted. Although it might not be the case in an ideal 
ealth system in which due attention is paid to preven

ion as well as clinical services, in current-day practice 
he evolution of cancer is less likely to be influenced by 
ealth care prior to screening and clinical diagnosis 

han it is later in the cancer continuum. Cancer has a 
reclinical phase that begins when cancer can be 
revented and extends through its initiation until 
etection. During the preclinical phase, access to 
ealth care can affect the progression of cancers for 

hich early-detection procedures are available (i.e., 
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reast, cervix, colon, prostate), but overall this access is 
ess likely to influence cancer incidence (and is thus 
ightly shaded for emphasis in the framework).17 To 
nderstand social gradients and racial and ethnic ine
ualities in incidence, the broader social determinants 
f cancer—beyond the usual scope of medical care— 
ust be explored. 

ancers, Not Cancer 

 critical point is that cancer is actually many different 
iseases with different etiologies. The social environ
ent may affect these different types of cancer in 

ifferent ways. Cancer registries currently report ap
roximately 80 types of malignant neoplasm, and de
ne them by their location and cell types.43 However, 

our sites account for approximately one half of all 
ancer incidence: Breast (15%); prostate (17%); lung 
13%); and colon (8%) cancers accounted for 52% of 
ll estimated new cancer diagnoses in 2006.44 The 
oncentration of cancer incidence among these four 
ites provides an opportunity for site-specific inquiry 
nto the social determinants of cancer. For example, 
ung cancer mortality is strongly associated with to
acco use and social policies. Breast and colon cancer 
ortality is shaped by the distribution of screening in 

he population. Even though breast cancer incidence is 
ore common in higher-SES women, mortality is 
igher among lower-SES women.45,46 There are also 

mportant differences in incidence by race and ethnic
ty in different cancer sites. While Vietnamese and 

ispanic women have some of the lowest rates of breast 
ancer incidence, they have the highest rates of cervical 
ancer incidence.47 Thus, cancer offers some para
oxes and evokes research questions that may shed 

ight on the various ways that social determinants affect 
ancer outcomes. 

easuring Disparities in Cancer Incidence 
nd Outcomes 
ancer Registries 

ancer is unique among the chronic diseases in having 
ong-standing population-based registries. Since the 
arly 1970s, cancer registries have abstracted medical 
ecords, pathology, surgery, hospital, and outpatient 
linic records on cancer incidence, survival, and mor
ality.43 Registry data have been the main source of 
uestions raised about cancer–health disparities. How
ver, registries have lacked the data necessary to fully 
nswer these questions on the SES of cancer cases. 
he first linkage between surveillance, epidemiology, 
nd end result (SEER) registry data and areal SES data 
as published in 1980.48 Currently, SEER registry cases 
re routinely geocoded and linked to county-level cen
us data on SES (seer.cancer.gov/seerstat/variables/ 

ountyattribs/). Areal socioeconomic data can supply a m

144 American Journal of Preventive Medicine, Volume 35, Num
roxy for individual SES or provide information about 
he context in which an individual resides, such as 
eighborhood or county characteristics.22,49,50 Ad
ances in information technology, linkage methods, 
nd improved data systems can deliver tools to improve 
he value of cancer registration to understanding social 
eterminants within the context of a transdisciplinary 
pproach to cancer research51; however, political ac
ion will be needed to actualize that potential. 

ocioeconomic Gradients in Cancer 

ocioeconomic gradients in health and mortality are 
ell-documented, although this relationship for cancer 
oes not appear to be as strong as for cardiovascular 
isease.52–55 Analyses of linked cancer registry and 
ounty-level census data have been used to document 
radients and disparities for mortality, survival, and 
ncidence.45 Linked databases have also allowed re
earchers to examine the effect of SES factors on 
ndividuals in the contexts in which they live and 
ork,56,57 by cancer stage,22 and for other diseases.58 

At the population level, if socioeconomic gradients 
n cancer incidence and outcomes persist after adjust
ng for known risk factors (e.g., tobacco use and other 
isky behaviors) and for screening, that finding would 
rovide empirical support for the value of seeking 
irect biological pathways between the adverse condi
ions associated with lower SES and cancer. A recent 
tudy compared health outcomes for which prevention 
nd therapeutic interventions are available to outcomes 
or which they are not, and found stronger SES gradi
nts for outcomes with proven interventions.17 The 
uthors concluded that the underlying fundamental 
ause has to do with the set of resources widely accessed 
y people with higher SES, although this explanation 
ontinues to be debated, as discussed in the next 
ection. Nevertheless, the broad range of the social 
eterminants of cancer underscores the need for trans-
isciplinary studies to parse out the roles that biology, 

ndividual behaviors, and social determinants play in 
haping SES gradients in specific cancer sites.6,51 

ultilevel Influence of Social Determinants 
n Cancer 

bserved disparities in cancer mortality, survival, and 
ncidence have motivated the study of social-level influ
nces on the etiology of cancer. The development of 
ocial epidemiology within the field of epidemiology 
pened the way for multilevel analysis in cancer con
rol. The overall framework proposed in Figure 1 is 
esigned to encourage thinking about how different 
isciplines can contribute to solving the challenge of 
ancer–health disparities. Traditionally, population 
ealth and social factors have been the focus of epide

iologists, sociologists, economists, anthropologists, 
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olitical scientists, and systems theorists. Health care 
as been the purview of health services researchers, 
conomists, behavioral and communications scientists, 
nd clinicians. Individual human behaviors or risk 
actors that mediate health have been the realm of 
sychologists and behavioral scientists. The basic sci
nce disciplines of genetics, cell biology, immunology, 
nd biochemistry have elucidated biological pathways 
nd mechanisms. The task is finding ways to bring 
ogether two or more of these levels. Few biologists, for 
xample, have yet addressed questions concerning how 
ocial factors “get under the skin” and result in cancer. 

ocial level. An active area of research is the influ
nce of broad upstream factors on the political 
conomy.33,59,60 As noted already, making causal links 
ith disease is most difficult at the level of fundamental 
auses. Ecosocial theory offers a useful conceptual 
odel for linking fundamental causes and individual 

ealth, especially when combined with the core con
ept of “embodiment” that holds that bodies absorb, 
rocess, and reflect the conditions of human existence 
ecause people are both biological organisms and 
ocial beings.61 

Many studies of broad social forces have raised 
oncerns about the unhealthy side effects of produc
ion for profit. For example, the use of chemical 
ertilizers to improve yields of food may lead to envi
onmental contamination with potentially carcinogenic 
gents.62 Highly caloric processed foods are profitable 
ut have little nutritional value.63– 66 In short, substan
ial health costs are associated with food production in 
he U.S.67 The recognition of these unmeasured costs 
as well as those incurred from natural-resource deple
ion) has led some economists to suggest that the 
ustainability and quality of life should be evaluated 
hen the value of production is computed.68 Much as 
cosocial theory offers a new perspective for epidemi
logy, these economists have created a new approach to 
conomics called ecologic economics, which addresses the 
nterdependence and co-evolution between human 
conomies and natural ecosystems. Many ecologic 
conomists refer to this new field as a transdiscipline 
ather than a conventional discipline.69,70 

Both the physical and built aspects of the environ
ent influence cancer outcomes.71 The physical envi

onment influences both behavior and biology, and 
ay help explain some observed trends and disparities 

n cancer incidence and outcomes. For example, mi
orities and lower-income groups face higher levels of 
xposure to environmental hazards, including indus
rial facilities, waste-treatment sites, or waste-disposal 
ites.72 The effect of environmental risk factors on 
ancer in humans is hard to assess, especially because 
ew data on carcinogens are available and specific 
ong-term exposures on individuals and populations 

re not monitored.73 The unequal distribution of envi n

ugust 2008 
onmental hazards has spawned an environmental jus
ice movement74 as well as discussion and debate on 
ow to best measure and evaluate the impact of envi
onmental hazards.75 

The important policy issues that this social-level 
esearch has generated involve trade-offs between pub
ic health and economic profitability. Policy solutions 
equire expertise from urban planning, engineering, 
aw, economics, political science, and the biomedical 
isciplines as well as informed community input. Polit

cal decisions and economic incentives shape the built 
nvironment through zoning, construction investment, 
ollution limitations, available park and recreation 
reas, and the effectiveness of policing. The built 
nvironment, in turn, shapes community choices rele
ant to health, including cancer. For example, side
alks or paths that lead to safe and desirable destina

ions for walking and cycling can increase physical 
ctivity.76 Physical activity, in turn, is significantly 
ssociated with reduced colon-cancer mortality,77,78 

nd is indirectly associated with lower mortality for 
any other cancers through reducing overweight and 

besity. 
Some groups, including those who are poor, black, 
ispanic, or Native American, are more likely to expe

ience overweight and obesity than the general public. 
hey are also likely to reside where physical activity is 
ore difficult, fruits and vegetables are less accessible, 

nd tobacco and alcohol are prevalent.79–81  In this way, 
esidential segregation is another fundamental cause of 
acial disparities in health.82 

ealthcare-delivery level. The impact of health care on 
ancer is related to insurance coverage, quality of care, 
nd timely access to that care. Insurance, the financing 
echanism used to pay for most health care in the U.S., 
ay be the most important factor shaping health 

isparities.83 Even after adjusting for sociodemograph
cs, risk factors, morbidity, and self-rated health, the 
ack of health insurance is still linked to higher mortal
ty.84 Between 2000 and 2005, health insurance premi
ms grew by 73% (compared with cumulative inflation 
f approximately 14% and cumulative wage growth of 
5%), and the percentage of employers offering health 
enefits fell from 69% to 60%.85 From January through 
eptember 2006, 43.8 million people of all ages 
16.9%) were uninsured,86 and coverage rates varied 
ubstantially by race, ethnicity, and socioeconomic po
ition. However, most cancer occurs in people aged 
65 years, and only 7% of the individuals facing a new 
iagnosis of cancer were uninsured (approximately 
6,000 in 1997).41 

Although most people in the U.S. eventually obtain 
he necessary medical treatment, some do not receive it 
n a timely manner.87,88 Without insurance coverage 
nd a system to provide continuous care, patients must 

egotiate and pay for each step in their health care. 

Am J Prev Med 2008;35(2S) S145 
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he President’s Cancer Panel42 has documented barri
rs to care that include elements inherent in the system 
e.g., fragmentation of care); finances (e.g., lack of 
nsurance or underinsurance); and physical environ

ent (e.g., excessive distance from or physical barriers 
o accessing treatment facilities) as well as information 
nd education barriers (both provider- and patient-
elated) and issues of cultural insensitivity and bias.42 

Even with equal access, there is no guarantee of 
qual quality or use of services. Poor transportation, the 
ack of sick leave and time-off from work, and the need 
o supply child- and elder-care may pose insurmount
ble barriers to the optimal use of health care for 
eople of low income and education.89 –92 Persistent 
acial, ethnic, and age differences in the receipt of 
rimary therapy, conservative therapy, and adjuvant 

herapy provide indirect evidence of racial, ethnic, and 
ge bias in access.93–96 Improving the quality of care for 
ancer patients of all sociocultural backgrounds will 
equire a major restructuring of the delivery of cancer 
are and the continuous monitoring of quality improve
ent and accountability.41 

ehavioral/psychological level. Behaviors are often 
he mediating steps between social determinants and 
ancer outcomes. Behaviors long-recognized as impor
ant contributors to cancer include tobacco and alcohol 
se, poor diet, physical inactivity, high-risk reproduc
ive behavior, and occupational hazards.97 The mecha
isms linking social-level factors, individual behaviors, 
nd biology with cancer incidence and mortality are 
easonably well-understood for tobacco, and the trans-
isciplinary research being conducted in tobacco con
rol can serve as a model of how such research could be 
onducted for other cancer sites.98 However, transdis
iplinary research is still needed to elucidate the path
ays and relationships of causation for those other sites. 
Linkages between individual behaviors and funda
ental causes have been posited, but the ability to dem

nstrate causation has been limited by cross-sectional 
ata and linear statistical methods. Risk regulators, the 
ange of intermediate factors that constrain or promote 
ndividual choice, have been posited as conceptual 
ridges linking fundamental causes and individual be
aviors.99 The concept of risk regulators locates indi
idual choices within the broader social context of 
undamental causes in order to provide testable hy
otheses of association for multilevel transdisciplinary 
mpirical research. 
Individual behavior related to tobacco is intimately 

ied to the social context; social-level interventions to 
ontrol tobacco are more effective than approaches 
ddressing individual behavior.100 –102 Much of the suc
ess of tobacco-control efforts has come from changes 
n social policies such as federal excise taxes, workplace 

ans on smoking, media campaigns, clean-indoor-air w

146 American Journal of Preventive Medicine, Volume 35, Num
olicies, and the enforcement of restrictions on to
acco use by minors.103,104 

Tobacco-control research is probably the best cur
ent model for effective transdisciplinary science, as it 
as grown from a focus on individual human behavior 

o include the understanding of the genetics of tobacco 
ddiction, the distribution of smoking habits in the 
opulation, and how these complex relationships are 
ffected by social policy.105 Stokols and colleagues106 

valuated the collaborative processes and the scientific 
nd public-policy outcomes of the transdisciplinary 
pproach used in one large tobacco control effort 
unded by the National Cancer Institute (NCI), and 
oncluded that there was “progress toward intellectual 
ntegration” over the course of the initiative. However, 

ethodologic challenges remain regarding how to 
valuate large-scale science. A special supplement to 
icotine and Tobacco Research laid out in detail the vision 

or a transdisciplinary research strategy in tobacco 
ontrol and how it was modeled, implemented, and 
valuated.107 

Other cancer outcomes await this depth of transdis
iplinary scrutiny. Fruit and vegetable consumption 
ay prevent cancer, but adherence to dietary guide

ines for this consumption differs in the U.S. by race 
nd SES.64 A lack of exercise, poor diet, and obesity are 
ssociated with lower SES. A sedentary lifestyle is 
trongly related to lower income in every race and 
thnic group and both genders.108 Good evidence 
irectly associates the lack of physical activity with 
ancers of the colorectum and prostate—and possibly 
reast cancer.109 The Western diet staples of red meat 
nd animal fat contribute to heart disease and cancer, 
specially colon cancer.110 Overweight and obesity, also 
inked to certain cancers,111 increased markedly in the 
.S. for both children and adults between 1976 and 
980, and between 1988 and 1994,112 and it seems clear 
hat current diet and physical activity behaviors, as well 
s the practices of the food-marketing of industry in the 

obesity.63,65,113.S., promote Differential uses of 
ealth services are key factors in outcomes related to 

hese cancers, as discussed above. 
Early-detection practices, a proven approach for sec

ndary prevention for several cancer sites, are heavily 
ependent on the behaviors of individuals and provid
rs. Screening and early detection, followed by timely 
reatment, increase survival for cervical, breast, colorec
al, and possibly prostate cancers. Here again, the social 
ontext of healthcare access, quality, and price is criti
al, and the strongest predictors for the use of cancer 
creening are consistent health-insurance coverage and 
 consistent source of care.114 Contractions in the 
conomy and unemployment have been linked to a 
essened likelihood that women, especially African-
merican women, will be diagnosed at an early stage of 
reast cancer, due to either less use of screening or less 

illingness to seek medical care for possible symptoms 

ber 2S www.ajpm-online.net 
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f cancer.115 Understanding both the web of causation 
nd a means to equalize access to cancer screening 
oses challenges for transdisciplinary science.37 

iological level. Finally, transdisciplinary cancer re
earch should assist the understanding of how the 
ocial context influences biological pathways in cancer. 
nly a small percentage (estimated at less than 5%) of 

ancers are currently attributable to inherited genetic 
usceptibility.116 However, common genetic polymor
hisms and epigenetic characteristics interact with or 
re influenced by the social environment, making it 
lear that a better understanding is needed of how the 
ocial context affects cancer biology.117,118 At least two 
athways have been proposed: (1) psychological stress 

inked to down-regulation in the immune system119–121 

nd (2) distress interfering with DNA repair and apo
tosis,122,123 but there are likely many others yet to be 
escribed. For example, the population health concept 
f weathering, proposed to explain premature morbidity 
mong African-American women,124 is consistent with 
iological findings125 and provides an example of 
mbodiment.12 

Theories that seek to explain how social forces affect 
he overall disease burden and yield inequalities in 
ealth outcomes tend to focus on either material 
onditions or psychosocial mechanisms.126 Proponents 
f material conditions hold that social factors, ranging 
rom advertising to income distribution, have an indi
ect effect on cancer through behaviors such as tobacco 
se, dietary choices, Internet use, access to cancer-
creening resources, and the ability to choose where to 
ive and work. These social factors are reflected in the 
onrandom distribution of cancer incidence. Propo
ents of the psychosocial theory focus on how adverse 
ocial conditions work directly through physiologic 
athways in the endocrine or immunologic systems to 
ause stress and disease.127,128 These two types of 
heories are not mutually exclusive, and need to be 
ursued and linked to increase the nascent understand

ng of how social determinants of cancer “get under the 
kin.” As mentioned above, Glass and McAtee99 have 
egun this effort by conceptualizing risk regulators that 
ediate upstream factors and associate them with the 

iological pathways leading to cancer outcomes. Sci
nce is only beginning to explore the causal links 
etween biological mechanisms and social determi
ants or fundamental causes, and more needs to be 
one. Perhaps most clearly of all, this challenge lends 

tself to a transdisciplinary approach. 

mplications for Cancer Prevention and Control 

 framework has been presented here for a transdisci
linary science approach to cancer control that will 
eveal the causal links between biology and the social 

eterminants of cancer. Identified were the main end

ugust 2008 
oints available from cancer registries (i.e., incidence, 
urvival, and mortality) and the value of examining 
ocial gradients in cancer outcomes. Multiple levels of 
nalysis are needed to understand the diverse pathways 
nd mechanisms behind these gradients and to deter
ine how they are linked to the social environment; 
ealthcare delivery; and behavioral, psychological, and 
iological levels in order to fashion more effective 

nterventions. Interventions focused on changing indi
idual behaviors in isolation have not proven adequate. 
ocial policies to control tobacco use have been effec
ive, and it may be time to consider other interventions 
t the social level, such as policies that will promote a 
ustainable economy, environmental justice, and the 
qualization of resource distribution, including health-
are access. Such an approach is consistent with na
ional and international efforts aimed at modifying the 
ocial determinants of health.129,130 The data available 
rom current registry systems, surveys, and administra
ive records describe the range of biological, clinical, 
nd social influences among different cancer sites. 
specially when linked, they present rich opportunities 

or multilevel, transdisciplinary research all along the 
ancer continuum. Because of increased interest in 
opulation health, in transdiscriplinary initiatives, and 

n eliminating health disparities, the time is ripe for 
ransdisciplinary research and training.8,131,132 

Substantial government and foundation support is 
ow being directed toward these goals by the Robert 
ood Johnson Foundation Health & Society Scholars 

rogram,133 the NIH Strategic Research Plan to Reduce 
nd Ultimately Eliminate Health Disparities,134 the 
009 Nation’s Investment in Cancer Research Plan,135 

he Centers for Population Health and Health Dispar
ties,136 the Transdisciplinary Tobacco Use Research 
enters,137 NCI Centers of Excellence in Cancer Com
unication Research,138 and the Transdisciplinary Re

earch on Energetics and Cancer Centers.139 It is hoped 
hat readers will find this conceptual framework a 
seful beginning for taking advantage of these and 
ther opportunities to further the development of 
ransdisciplinary cancer control science. 

he authors would like to thank Penny Randall-Levy, Scien
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eferences. 
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Methodologic Contributions 

easuring Collaboration and Transdisciplinary 
ntegration in Team Science 
ouise C. Mâsse, PhD, Richard P. Moser, PhD, Daniel Stokols, PhD, Brandie K. Taylor, MA, 
tephen E. Marcus, PhD, Glen D. Morgan, PhD, Kara L. Hall, PhD, Robert T. Croyle, PhD, 
illiam M. Trochim, PhD 

urpose:	 As the science of team science evolves, the development of measures that assess important 
processes related to working in transdisciplinary teams is critical. Therefore, the purpose of 
this paper is to present the psychometric properties of scales measuring collaborative 
processes and transdisciplinary integration. 

ethods:	 Two hundred-sixteen researchers and research staff participating in the Transdisciplinary 
Tobacco Use Research Centers (TTURC) Initiative completed the TTURC researcher 
survey. Confirmatory-factor analyses were used to verify the hypothesized factor structures. 
Descriptive data pertinent to these scales and their associations with other constructs were 
included to further examine the properties of the scales. 

esults:	 Overall, the hypothesized-factor structures, with some minor modifications, were validated. 
A total of four scales were developed, three to assess collaborative processes (satisfaction 
with the collaboration, impact of collaboration, trust and respect) and one to assess 
transdisciplinary integration. All scales were found to have adequate internal consistency 
(i.e., Cronbach �’s were all �0.70); were correlated with intermediate markers of 
collaborations (e.g., the collaboration and transdisciplinary-integration scales were posi
tively associated with the perception of a center’s making good progress in creating new 
methods, new science and models, and new interventions); and showed some ability to 
detect group differences. 

onclusions:	 This paper provides valid tools that can be utilized to examine the underlying processes of 
team science—an important step toward advancing the science of team science. 
(Am J Prev Med 2008;35(2S):S151–S160) © 2008 American Journal of Preventive Medicine 
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everal studies1– 4 have documented that, since the 
mid-1950s, the natural, behavioral, and social 
sciences have made a pronounced shift from 

ndividually oriented research toward team-based scien
ific initiatives. This trend toward greater teamwork in 
cience is paralleled by a growing emphasis on cross-
isciplinary approaches to research and training.5–7 

ubstantial investments by government agencies and 
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rivate foundations in cross-disciplinary centers and 
eams have triggered a lively debate about the relative 

erits of individual-versus-team–based models of re
earch and the emergence of a new area of program 
valuation research, namely, the science of team sci
nce.8–11 Evaluations of team science initiatives aim to 
dentify, measure, and understand the processes and 
utcomes of large-scale research collaborations. Given 
he substantial amount of federal and private resources 
hat have been allocated to establish and maintain team 
cience initiatives, it is essential that concerted efforts 
e made to evaluate both their near-, mid-, and longer-
erm collaborative processes and outcomes.12–14 

The science-of-team-science field is at a relative early 
tage in its development and can benefit from the 
evelopment of psychometrically valid and reliable 
easures of collaborative processes, especially those 

nvolving cross-disciplinary synergy and integration. As 
hese initial collaborative processes may be integrally 
inked to the achievement of subsequent and far-
eaching benefits to science and society, it is important 

o develop reliable and valid measures of these con-
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tructs early-on as a basis for 
valuating their influence on 
he cumulative contributions 
f a team initiative over a 

onger period. 
Findings are presented 

ere from an early-stage 
valuation of the National 
ancer Institute’s (NCI) 
ransdisciplinary Tobacco 
se Research Centers 

TTURC) initiative.15 The 
verall goals of the study 
ere (1) to create and vali
ate new methods and 
etrics for assessing cross-
isciplinary collaboration 
nd transdisciplinary inte
ration within the context 
f the TTURC initiative, 
nd (2) to develop and pre
iminarily assess a concep
ual logic model linking the 
equential  phases,  pro
esses, and outcomes associ
ted with large team science 
nitiatives more generally. 
he TTURC program15 is one of four large-scale, 
ross-disciplinary initiatives organized and funded 
ince 1999 by the Division of Cancer Control and 
opulation Sciences within NCI.a Currently, the total 
IH investment into those four initiatives (TTURC, 

he Centers of Excellence in Cancer Communica
ions Research, the Centers for Population Health 
nd Health Disparities, and the Transdisciplinary Re
earch on Energetics and Cancer centers) that address 
oth basic and applied research in cancer control is 
pproximately $286 million.15–18,b 

onceptual Foundations of the TTURC Initiative 
valuation Study 

he TTURC initiative is rooted in Rosenfield’s conceptu
lization of transdisciplinary scientific collaboration.19,20 

osenfield describes a continuum of collaborative re
earch ranging from unidisciplinary and multidisciplinary to 
nterdisciplinary and transdisciplinary approaches. Accord
ng to Rosenfield, transdisciplinary collaborations (com
ared to multidisciplinary and interdisciplinary forms 

The first 5-year phase of the TTURC initiative was a $70-million 
rogram funded by NCI and the National Institute of Drug Abuse 
NIDA); it supported seven research centers between 1999 and 2004. 
he Robert Wood Johnson Foundation committed an additional $14 
illion over 5 years to complement NCI’s and NIDA’s commitment. 
he TTURC initiative was renewed by NIH in 2004 and is currently in 

ts second 5-year funding cycle. 

Collaboration 

Training 

Transdisciplinary 
integration 

Recog

Transdis
rese

institution

srekrametaidemmI

Collaboration

Figure 1. Logic model f
researcher-survey items sh
temporal-outcome group
       

The $286-million figure is expected to rise substantially as the 
arious initiatives move into their second 5-year funding cycles. t
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Intermediate markers semoctuomret-gnoL

Professional 
validation 

e TTURC evaluation that guided the development of the 
g inter-relationships among constructs divided into expected 

f cross-disciplinary research) lead to the development 
f shared conceptual frameworks that not only inte
rate but also transcend the individual disciplinary 
erspectives represented by various members of the 
esearch team. These transdisciplinary conceptual 
rameworks, integrating the concepts and methods drawn 
rom multiple disciplines and analytic levels, have the 
reatest potential to generate truly novel scientific and 
ocietal advances—reflected, for example, in a more 
omprehensive understanding of nicotine-addiction pro
esses, the development of more-powerful smoking pre
ention strategies, and a substantial reduction of tobacco-
elated disease and mortality in the population.21,22 

As a basis for understanding the conceptual and 
mpirical links among cross-disciplinary collaboration, 
ransdisciplinary integration, and the more distal scien
ific achievements and health outcomes generated by 
he TTURC initiative, Trochim and colleagues23 devel
ped a comprehensive logic model to evaluate large 

nitiatives (ELI). TTURC investigators, funders, and 
ther stakeholders (staff and scientific consultants) first 
ompleted a web-based concept-mapping exercise for 
he purpose of deriving key constructs associated with 
ffective transdisciplinary-team initiatives and under
tanding the temporal relationships among the differ
nt constructs. They later developed a researcher sur
ey that was designed to assess key components of the 
LI logic model. The logic model (Figure 1) incorpo
ates five general clusters: collaboration, communica
Scie
integ

S

nition 

ciplinary
arch 
alization

 

or th
owin
  

ion, professional validation, scientific integration, and 

ber 2S www.ajpm-online.net 
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ealth impacts. The collaboration cluster subsumes the 
imensions of training, collaboration, and transdisci
linary integration. These constructs serve as proximal, 
r early-stage, markers of team effectiveness during the 

nitial phase of the TTURC initiative. To the extent that 
he TTURCs are effective over the course of their initial 
nd later phases, the levels of intellectual collaboration 
nd transdisciplinary integration will be higher at the 
utset, thereby prompting changes in investigators’ 
ethods and models. Those methodologic and concep

ual changes, in turn, enable translations of transdisci
linary knowledge into new health promotion interven
ions, policy innovations, and improved health outcomes. 
his hypothesized sequence of changes is ultimately ex
ected to facilitate greater recognition of the value of 
ransdisciplinary science and the broad-based adoption 
r institutionalization of transdisciplinary approaches 
o tobacco-use research.23 Operationalizing the con
tructs included in the ELI logic model is an important 
tarting point for evaluating the potential benefits of 
ransdisciplinary research and is the focus of this paper. 

The findings reported below focus on two major com
onents of the ELI logic model, namely, the collaboration 
nd transdisciplinary-integration constructs. Although the 
ffectiveness of collaborative teams has been studied 
xtensively in nonscientific venues, the measures em
loyed in those contexts often do not generalize readily to 
cientific settings.24–26 Therefore, some major purposes 
f this paper are to examine the factorial validity and 

nternal consistency of three collaboration scales and one 
ransdisciplinary-integration scale that were developed in 
he context of the TTURC initiative as well as to evaluate 
heir associations with other constructs included in the 
LI logic model (Figure 1). 

ethods 

articipants 

articipants consisted of all TTURC investigators (principal 
nvestigators, co-investigators, project directors, research as
ociates, and scientists); research staff; and trainees who were 
dentified by each center’s principal investigator as eligible 
espondents for the researcher survey. As part of the TTURC 
valuation, each principal investigator completed a center 
urvey, which provided a quick profile of the center and the 
umber of staff who would be eligible to complete the 
esearcher survey. Among the seven TTURCs, there were 234 
ligible respondents (N�234); 216 completed the researcher 
urvey, for an overall 92% response rate. 

ata-Collection Protocol 

he data were collected in the context of a program evalua
ion during the third year of the initiative. The TTURC 
rincipal investigators were primarily responsible for identi
ying someone who would serve as the point of contact for 
istributing the survey and reminding eligible respondents to 
omplete it. The researchers and research staff were asked to 

omplete the survey and mail it back in a self-addressed c

ugust 2008 
re-paid envelope to the data processing center. To increase 
ompliance, the data processing center compiled on a 
eekly basis the total number of Researcher Surveys re
eived by each Center. The contact person received an 
nonymized update on their center’s response rates, as well 
s response rates of the other centers (anonymized as well). 
he contact person was asked to send reminders to their 
olleagues and research staff to ensure an adequate re
ponse rate to the survey. At all times, the contact person or 
nyone involved were never aware of who responded to the 
esearcher Survey. Although the PIs, researchers, and 
esearch staff were encouraged to fill out the survey, their 
articipation was completely voluntary. 

TURC Researcher Survey Development 

he TTURC Researcher Survey is a 12-page instrument that 
ncluded indices and scales that represented all the dimen
ions assessed by the ELI logic model (Figure 1). Concept 
apping served as the basis for the ELI logic model, and also 

erved to provide much of the initial content for developing 
he researcher survey. Additionally, because the concept-

apping process consisted of clustering statements into di
ensions, the statements within these clusters formed the 

nitial theoretical operationalization of the dimensions. The 
esearcher-survey development was led by a methodology 
eam (WTM, LCM, and SM co-authors) and was developed in 
ollaboration with TTURC funders, TTURC researchers, and 
nput from a consulting committee. The researcher survey 
ent through several expert reviews and revisions, and re
eived final approval from a consulting committee for admin
stration to the TTURCs. Of particular interest to this paper 
re the sections that focused on collaboration and transdisci
linary research (see Appendixes A and B for a description of 
he items). 

ollaboration 

he researcher survey included 23 items that assessed collab
ration. All items used a 5-point, Likert-type response format. 
ifteen items used the stem Please evaluate the collaboration 
ithin your center with the following response anchors: inade
uate, poor, satisfactory, good, and excellent. The other eight 
tems started with Please rate your views about collaboration with 
espect to your center-related research with the response anchors 
trongly disagree, somewhat disagree, not sure, somewhat agree, and 
trongly agree. It was determined a priori that the factor 
tructure of the collaboration scale would have three corre
ated factors. One factor was designed to assess satisfaction with 
ollaboration using eight items: acceptance of ideas, communica
ion, researchers’ strengths, organization, resolution of conflict, work
ng styles, outside involvement, and discipline involvement. A
econd factor, designed to assess the impact of collaboration, 
sed 6 items: meeting productivity, products productivity, overall 
roductivity, research productivity, quality of research, and time 
urden. A final factor, designed to assess trust and respect in 
he collaborative context, used four items: being comfortable in 
howing limits, trusting colleagues, being open to criticism, and 
espect). Five of the initial collaboration items were excluded 
rom the analyses as they did not measure the above 

onstructs. 

Am J Prev Med 2008;35(2S) S153 
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able 1. Model fit of the confirmatory-factor analysis, testing
ollaboration items (n�144) 

odel Chi-square (df), p-value RMSEA (90% CI

odel 1 282.07 (132), �0.05 0.09 (0.07, 0.10)

odel 2 255.01 (116), �0.05 0.09 (0.07, 0.10)

odel 3 181.30 (114), �0.05 0.07 (0.05, 0.08)

odel Comparisons Chi-square difference 

odel 1 vs Model 2 27.06 
odel 2 vs Model 3 73.98 

ote: Model 1: Hypothesized three-factor structure; Model 2: hypoth
odel 3: Model 2 plus two correlated-error terms (one between Item
AIC, corrected Aikaike’s information criterion; CFI, comparative fit
RMR, standardized root mean square residuals
 

ransdisciplinary Integration 

he researcher survey had 15 items that measured attitudes 
bout transdisciplinary research. Respondents were asked to 
ndicate their attitudes about transdisciplinary research and to 
rovide interpretations based on their understanding or percep
ion of transdisciplinary research. All items used a 5-point, 
ikert-type format with the response options strongly agree, some
hat disagree, not sure, somewhat agree, and strongly disagree. It was
etermined a priori that the items likely measured one factor 

hat assessed transdisciplinary integration. 

LI Intermediate Markers of Progress Toward 
ollaboration and Transdisciplinary Integration 

lthough the researcher survey included a number of indexes 
hat corresponded to the ELI logic model (Figure 1), only 
our of the indexes (methods, science and models, improved 
nterventions, and publications) were used here. These were 
een as intermediate markers of progress within the centers. 
t should be noted that for these constructs, index measures 
ere created. Overall, these indexes measured how much 
rogress had been achieved by the TTURCs in these areas. 
he methods index was computed by averaging 7 items (e.g., 
evelopment or refinement of methods for gathering data); 
7 items were averaged for the sciences-and-models index 
e.g., understanding multiple determinants of the stages of 
icotine addiction); 12 items were averaged to measure 

mproved interventions (e.g., progress in pharmacologic in
erventions); and, finally, the publications index was the sum 
f submitted and published articles and abstracts. 

ata Analysis 

actor structure. All negatively worded items were reverse-
oded for the analyses. Confirmatory-factor analyses, using the 
ISREL 8.8 software, served to validate the a priori-factor 
tructure of the collaboration and transdisciplinary-integration 
cales. Parameter estimates were obtained using the maximum-
ikelihood method of estimation. As there are no agreed-upon 
tandards for determining model fit, the criteria established by 
u and Bentler27 for evaluating fit were followed. The chi-

quare goodness-of-fit test served to determine the overall fit of 
he factor structure, with a p-value �0.15 indicating that the 
esiduals were no longer significant—hence, a good fit. Given 
       

hat the chi-square is highly affected by sample size and the a

154 American Journal of Preventive Medicine, Volume 35, Num
ther the hypothesized three-factor structure fit the 

SRMR CFI/NNFI CAIC Residuals 

0.06 0.97/0.94 352.20 �3.22 to 6.48 
Some skewness 

0.06 0.97/0.95 315.11 �3.22 to 6.48 
Some skewness 

0.05 0.99/0.96 260.82 �2.75 to 2.93 
Normal 

df p-value CAIC difference 

16 �0.05 37.09 
2 �0.05 54.29 

 three-factor solution minus the item that assesses “time burden”;

nd 8, and a second between Items 12 and 13)
 
; NNFI, non-normed fit index; RMSEA, root mean square residuals;


istributional properties of the items, other fit indexes were 
valuated. Steiger’s root mean square root error of approximation 
RMSEA) was evaluated, with a value of 0.05 and an upper CI 
0.08 indicating a good fit. The standardized root mean square 

esiduals (SRMR) was evaluated, and a value of 0.05 represented 
 good fit. Both the comparative fit index (CFI) and the 
on-normed fit index (NNFI) were evaluated. These indexes 
ompare the fit of the model to a baseline model with values 
ounded between 0 and 1. For both the CFI and NNFI, a value 
0.95 is indicative of a good fit. Finally, the distribution of the 

tandardized residuals was evaluated to assess overall model fit, 
here normally distributed standardized residuals ranging from 
3.0 to 3.0 indicate a good fit. Any posthoc model modifications 

onsisted of evaluating the modification indexes and determin
ng whether the suggested change was theoretically defensible. If 
he revised model was nested within the original structure, a 
hi-square test of differences was computed to determine if the 
ew model significantly improved the fit of the data. 
Finally, the corrected Akaike’s information criteria (CAIC) 

erved to compare the fit of different models while accounting 
or the number of parameters estimated in the model; a lower 
AIC was indicative of a better fit. Standardized factor loadings 

anged from �1.00 to 1.00, and a value of �0.30 was used to 
ssess items that loaded poorly on the hypothesized factor. 

elationship with ELI outcomes. It was hypothesized that the 
ollaboration and the transdisciplinary-integration scales would 
e significantly correlated with select intermediate markers on 
he ELI logic model (methods, science and models, improved 
nterventions, and publications). To assess these bivariate rela
ionships, the potential clustering effect of the center was 
ccounted for by first regressing each scale on the center (coded 
s a set of dummy variables) and then computing a Pearson 
roduct moment correlation between the resulting residuals. 

roup differences. Finally, one-way ANOVAs were computed 
or each scale to examine if differences existed on these scales by 
espondent’s role and by center, using the general linear model 
rocedure in SAS to take into account the nested structure of 
he data. Posthoc analyses were conducted (as appropriate) 
sing the least-significant-differences method. Although some 
ifferences were expected, these analyses were mainly explor
 whe

) 

 

 

 

esized
s 7 a

 index
  

tory. All analyses used a p-value �0.05 to determine significance. 

ber 2S www.ajpm-online.net 
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igure 2. Factor structure of the collaboration scales 

nternal consistency. The SPSS reliability subroutine was 
sed to compute internal consistency (Cronbach’s coefficient 
) for the collaboration and transdisciplinary-integration 
cales. Using the lower-bound criteria for internal consistency, a 
ronbach’s � of at least 0.70 was considered adequate.28 

esults 
emographic Information 

f the valid responses (n�202), 50% of the respondents 
n�101) indicated that they had been with their center for 

2 years, and 66.3% reported having worked �40 hours per t

ugust 2008 
week on TTURC-related ef
forts. The largest percent
age of respondents 
(n�100) characterized 
their research role in the 
Center as investigator 
(49.3%), while others indi
cated their role as profes
sional staff (25.1%); stu
dent (16.3%); and other 
(9.4%). 

Respondents were asked 
to report their primary, sec
ondary, and tertiary disci
plinary affiliations. The 
most commonly reported 
disciplinary affiliations were 
psychology (n�88); public 
health (n�50); and behav
ioral medicine (n�44). Re
spondents also reported 
considerable collaboration 
with new disciplines in asso
ciation with their TTURC-
related efforts. While 
76.9% (n�166) of the re
spondents had collabo
rated with at least one new 
discipline over the past 
year, 62.5% (n�135) re
ported collaborating with 
two or more new disci
plines. The most-frequently 
mentioned new disciplines 
with which researchers re
ported collaborating in
cluded genetics (27.3%); 
public health (26.9%); 
communications (24.5%); 
epidemiology (22.7%); and 
biostatistics (20.8%), re
flecting a broad spectrum 
of disciplines from the bio
logical sciences to popula
tion health. 

actorial Validity of the Collaboration Scales 

he confirmatory-factor analysis results for the collab
ration scales are summarized in Table 1. The results 
howed that the a priori three-factor structure did not 
t the data very well (the RMSEA, SRMR, and residuals 
ere high). The results suggested that Item 14, time 
urden (collaboration has posed a significant time burden in 
our research), did not load on the factor that assessed 
he impact of collaboration. Of the 18 items, this was 

he only item that was negatively worded. Given that the 

Am J Prev Med 2008;35(2S) S155 
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able 2. Model fit of the confirmatory-factor analysis, testing
ransdisciplinary items (n�172) 

odel Chi-square (df), p-value RMSEA (90% CI

odel 1 222.67 (90), �0.05 0.10 (0.08, 0.11)

odel 2 182.61 (89), �0.05 0.08 (0.07, 0.10)

odel 3 137.76 (86), �0.05 0.06 (0.04, 0.08)

odel comparisons Chi-square difference 

odel 1 vs Model 2 40.06 
odel 2 vs Model 3 44.85 

ote: Model 1: Hypothesized three-factor structure; Model 2: hypoth
odel 3: Model 2 plus two correlated-error terms (one between Item
AIC, corrected Aikaike’s information criterion; CFI, comparative fit
RMR, standardized root mean square residuals
 

actor loading was extremely low (0.01), the solution 
as run without this item (Model 2). As shown in 
able 1, the fit of Model 2 significantly improved 
ompared to Model 1, but the solution remained 
nadequate (the RMSEA, SRMR, and residuals were 
igh). Examination of the modification indexes re
ealed a weakness in the factor structure, suggesting 
he addition of two correlated-error terms to Model 
. A correlation between Items 7, outside involvement, 
nd Item 8, discipline involvement, was added, as well 
s a correlation between Item 12, research productivity, 
nd Item 13, quality of research. 
It should be noted that adding these correlations 

uggests that the solution does not account for all of the 
orrelations that exist among these four items. To 
ddress this issue, Model 3 added these two extra 
orrelations (Table 1), which resulted in an adequate 
t as well as a significant improvement in the fit of the 
odel. The final three-factor solution is presented in 

igure 2. The factor loadings (standardized paths) 
anged from 0.42 on Item 15, showing limits, to a high of 
.88 on Item 11, overall productivity. Correlations among 
he factors were moderately high (the correlation be
ween impact of collaboration and trust and respect was 
.65) to high (the correlation between satisfaction with 
ollaboration and impact of collaboration was 0.90, and 
etween satisfaction with collaboration and trust and respect 
as 0.81). Cronbach’s � for each scale was adequate: 0.91 

or satisfaction with collaboration, 0.87 for impact of collabora

able 3. Pearson product moment correlations among the c
ntermediate markers and long-term outcomes 

Methods Scienc
(n�179)a (n�18

atisfaction with collaboration 0.37** 0.48**
mpact of collaboration 0.44** 0.52**
rust and respect 0.33** 0.40**
ransdisciplinary integration 0.42** 0.38**
       

Note that the sample size varied slightly due to missing data. 
p�0.05; **p�0.001 
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ther the hypothesized one-factor structure fit the 

SRMR CFI/NNFI CAIC Residuals 

0.07 0.96/0.93 294.42 �3.13 to 6.11 
Skewed 

0.07 0.97/0.94 378.59 �2.87 to 4.57 
Some skewness 

0.05 0.98/0.98 346.77 �2.74 to 3.09 
Normal 

df p-value CAIC difference 

1 �0.05 84.17 
3 �0.05 31.82 

 three-factor solution minus the item that assesses “time burden”;

nd 8, and a second between Items 12 and 13)
 
; NNFI, non-normed fit index; RMSEA, root mean square residuals;


ion, and 0.75 for trust and respect. Item and subscale means 
ere high; on the 1- to 5-point Likert scale, the means 
ere (in general) closer to the 4-point—indicative of 
verall satisfaction with the collaborative process. Overall 

tem means and scale means were high, indicating satis
action in these areas. 

actorial Validity of the 
ransdisciplinary-Integration Scale 

he confirmatory-factor–analysis results of the
ransdisciplinary-integration scale are summarized in 
able 2. The results showed that the hypothesized 
ne-factor structure for the transdisciplinary items did 
ot fit very well (inadequate RMSEA, SRMR, and 
tandardized residuals). Examination of the modifica
ion indexes suggested that the correlation between two 
tems (Item 6, changes my research ideas, and Item 7, 
mproved my research) was not well-explained by the 
olution. Given that the content of these two items was 
elated, a correlated-error term was added to the model 
Model 2). Adding this correlated-error term signifi
antly improved the fit of the model, but the solution 
emained inadequate (high RMSEA, SRMR, and stan
ardized residuals). Re-examination of the modifica
ion indexes revealed that the correlations among all 
he negatively worded items (Items 2, 3, and 4) re

ained high. 

oration and transdisciplinary-integration scales with 

 models Improved interventions Publications 
(n�164)a (n�128)a 

0.25** 0.18 
0.37** 0.10 
0.18* 0.04 
0.34** 0.03 
ollab

e and
3)a 
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To remedy this, a new model was fitted that included 
xtra correlated-errors terms among all negatively 
orded items (Model 3), and resulted in an adequate 
t and significant improvement in the fit of the model. 
s shown in the final solution (Figure 3), the factor 

oadings (standardized paths) for the negatively 
orded items (Item 2, knowledge interference; Item 3, less 
roductive; and Item 4, fewer publications) were border
ine adequate (�0.30) to inadequate (�0.30), indicat
ng that although the overall fit of the model was 
mproved by the addition of a correlated-error term 
mong these items, these items remained poor indica
ors of transdisciplinary integration. 

ssociations with ELI Outcomes 

able 3 summarizes the associations for the collaboration 
nd transdisciplinary-integration scales with select intermedi

igure 3. Factor structure of the transdisciplinary-integration
te ELI outcomes. The results showed that the three scales m

ugust 2008 
for collaboration and the 
transdisciplinary-integra
tion were significantly cor
related with the following 
ELI outcomes: methods, 
science and models, and 
interventions. 

Group Differences 

Table 4 presents collabora
tion and transdisciplinary
integration scales by re
spondent’s role and by 
center. The analyses re
vealed significant between-
group differences by re
spondent’s role for the 
trust-and-respect collabora
tion scale only (F�3.47 
[df�3, 183], p�0.05) and 
revealed no significant dif
ferences for the other col
laboration scales and the 
transdisciplinary-integra
tion scale by respondent’s 
role. Posthoc comparisons 
revealed that on the trust
and-respect factor, investi
gators’ scores were signifi
cantly higher than those 
of “other” research staff 
(p�0.05), and students’ 
scores were significantly 
higher than the scores of 
both the professional sup-
port staff scores (p�0.05) 
and the “other” research 
staff (p�0.05). 

Finally, the results comparing differences by center 
evealed significant between-center differences for 
ll the collaboration factors: satisfaction with collabora
ion (F�9.42 [df�6, 171], p�0.05); impact on collabo
ation (F�7.87 [df�6, 170]; p�0.05); trust and respect 
F�3.37 [df�6, 191], p�0.05); the collaboration 
otal score (F�8.75 [df�6,174], p�0.05); and the 
ransdisciplinary-integration scale (F�2.87 [df�6, 198], 
�0.05). Posthoc results are available upon request and 
re not reported here, as the anonymity of the data 
recludes any meaningful interpretation; however, the 
esults are presented to demonstrate the power of these 
cales to detect differences among centers. 

iscussion 

he purpose of this paper was to examine the psycho

s 
etric properties of scales that measure collaboration 
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S158 American
nd transdisciplinary integration in the context of team 
cience. Overall, the hypothesized factor structures— 
ith some minor modifications—were validated. A total 
f four scales were developed, and measured the fol

owing: perceived satisfaction with collaboration, the 
mpact of collaboration on the research process, trust 
nd respect in a collaborative setting, and transdisci
linary integration. All scales were found to have ade
uate internal consistency (i.e., Cronbach �’s were all 
0.70); to be correlated with most intermediate mark

rs of ELI; and to show some ability to detect some 
roup differences. 
One of the key findings from this study is that the 

ypothesized factors were verified, with minor modifi
ations (i.e., correlated-error terms were added to these 
olutions). Having some correlated-error terms sug
ests that there might be some redundancies among 
hese items that might be important to re-examine in 
uture administrations (e.g., collaboration Item 7, in
olvement of collaborators from outside the center, and Item 8, 
nvolvement of collaborators from diverse disciplines). How
ver, it is important to note that the negatively worded 
tems on both scales created some problems: not load
ng on the scale or creating spurious correlated-error 
erms. It is well-known that having a subset of negatively 
orded items leads to a methodologic artifact—either 
aving an extraneous factor or having correlated-error 

erms among all negatively worded items (as observed 
n this paper).29 Certainly the presence of such meth
dologic artifacts calls into question the common mea
urement practice of mixing positively and negatively 
orded items in the scale.29 Because these items ad
ress an important area, they were maintained to 
aximize the content validity of the scale. It should be 

oted that the internal consistency of the scale was not 
dversely affected by keeping the negatively worded 
tems in the scale. 

Associations among the scales with intermediate 
arkers of progress were presented to further evaluate 

he construct validity of these scales. These results 
uggest that those who perceived higher levels of satis
action with collaboration and those who had an overall 
ositive view of transdisciplinary integration also per
eived that their center was making good progress in 
reating new methods, new science and models, and 
ew interventions. The lack of association with the 
ublications index is not unexpected, as cross-sectional 
ssociations were examined in Year 3 of the initiative, 
nd the number of publications is expected to be 
imited at this early stage of the transdisciplinary effort. 
n fact, the results found a restricted range of publica
ions (0 –6 total) for the initiative. 

It has been suggested that empirical efforts to link 
pecific facets of team-based science (e.g., processes of 
ross-disciplinary collaboration and intellectual integra
ion generated through center-based working groups, 
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cientific and societal outcomes may require longitudi
al studies that extend over 1 or more decades.30 Team 
cience initiatives are structurally complex, and several 
ears are required to establish and coordinate the 
fforts of multiple investigators and trainees working 
ithin and across several (often geographically dis
ersed) centers.10 Therefore, the results reported here 
ust be supplemented in future years by longer-term 

nvestigations that track the scientific and societal con
ributions of team initiatives sustained over 1 or more 
ecades; and must incorporate comparison groups 
omprising individuals or small groups of scholars 
orking on similar scientific questions— but from out

ide the framework of “big science.” 
In closing, it should be noted that this study was limited 

n its ability to examine the predictive validity of these 
cales, as only cross-sectional data were available. Further
ore, the stability (test–retest reliability) of these scales 
as not assessed. Therefore, much more work is needed 

o further assess the utility of these scales for detecting 
hanges over time (e.g., in the collaborative effectiveness 
nd productivity of transdisciplinary centers); for detect
ng stability; and for elucidating the pathways by which 
eam science initiatives generate longer-term impacts on 
cientific progress and population health as suggested by 
he ELI logic model. Another potential limitation of this 
tudy was that TTURC researchers may have reacted to 
he demand characteristics of the study by both respond
ng in a manner that would make them appear to be 
orking in more of a transdisciplinary manner and re

ponding in a positive way to this type of collaborative 
ork, especially given the financial incentive of TTURC 

nitiatives. Nonetheless, with these caveats, this paper 
rovides valid tools that can be utilized to examine the 
nderlying processes of team science—an important ini
ial step toward advancing the science-of-team-science 
eld. 

o financial disclosures were reported by the authors of this 
aper. 

eferences 
1. Esparza J, Yamada T. The discovery value of “Big Science.” J Exp Med 

2007;204:701–4. 
2. Committee on Facilitating Interdisciplinary Research, National Academy of 

Sciences, National Academy of Engineering, Institute of Medicine. Facili
tating interdisciplinary research. Washington DC: The National Academies 
Press, 2005. www.nap.edu/catalog.php?record_id�11153#toc. 

3. Stokols D, Hall KL, Taylor BK, Moser RP. The science of team science: 
overview of the field and introduction to the supplement. Am J Prev Med 

2008;35(2S):S77–S89. 

ugust 2008	 
         

 

  

 

  

 
      

4. Wuchty S, Jones BF, Uzzi B. The increasing dominance of	 teams in
production of knowledge. Science 2007;316:1036–9. doi:10.1126/ 
science.1136099. 

5. Kessel FS, Rosenfield PL, Anderson NB, eds. Expanding the boundaries of 
health and social science: case studies in interdisciplinary innovation. New 
York: Oxford University Press, 2003. 

6. Klein JT. Crossing boundaries: knowledge, disciplinarities, and interdisci
plinarities. Charlottesville VA: University of Virginia Press, 1996. 

7. Stokols D. Toward a science of transdisciplinary action research. Am J 
Community Psychol 2006;38:63–77. 

8. Marks AR. Rescuing the NIH before it is too late. J Clin Invest 2006;116:844. 
9. NIH. NIH Roadmap for medical reseach: interdisciplinary research. 2003. 

nihroadmap.nih.gov/interdisciplinary/index.asp. 
0. Stokols D, Fuqua J, Gress J, et al. Evaluating transdisciplinary science. 

Nicotine Tob Res 2003;5(1S):S21–S39. 
1. Weissmann G. Roadmaps, translational research, and childish curiosity. 

FASEB J 2005;19:1761–2. 
2. Klein JT. Evaluation of interdisciplinary and transdisciplinary research: a 

literature review. Am J Prev Med 2008;35(2S):S116–S123. 
3. Rhoten D, Parker A. Education: risks and rewards of an interdisciplinary 

research path. Science 2004;306:2046. 
4. Stokols D, Harvey R, Gress J, Fuqua J, Phillips K. In vivo studies of 

transdisciplinary scientific collaboration: lessons learned and implications 
for active living research. Am J Prev Med 2005;28(2S2):202–13. 

5. National Cancer Institute. Transdisciplinary tobacco use research centers. 
2006. dccps.nci.nih.gov/tcrb/tturc/. 

6. National Cancer Institute. Transdisciplinary research on energetics and 
cancer. 2006. https://www.compass.fhcrc.org/trec/. 

7. National Cancer Institute. Health communication and informatics	 re
search: NCI centers of excellence in cancer communications research. 
2006. cancercontrol.cancer.gov/hcirb/ceccr/. 

8. National	 Cancer Institute. Centers for population health and health
disparities. 2006. cancercontrol.cancer.gov/populationhealthcenters/. 

9. Kessel F, Rosenfield PL, Anderson NB, eds. Interdisciplinary research: case 
studies from health and social science. New York: Oxford University Press, 
2008. 

0. Rosenfield PL. The potential of transdisciplinary research for sustaining 
and extending linkages between the health and social sciences. Soc Sci Med 
1992;35:1343–57. 

1. National Center for Health Statistics. Deaths, percent of total deaths, and 
death rates for the 15 leading causes of death: U.S. and each state, 2003. 
2006. www.cdc.gov/nchs/data/dvs/lcwk9_2003.pdf. 

2. WHO. WHO smoking statistics. 2003. www.wpro.who.int/media_centre/ 
fact_sheets/fs_20020528.htm. 

3. Trochim WM, Marcus SE, Mâsse LC, Moser RP, Weld PC. The evaluation of 
large research initiatives: a participatory integrated mixed-methods ap
proach. Am J Eval 2008;29:8–28. 

4. Gray B. Collaborating: finding common ground for multiparty problems. 
San Francisco: Jossey-Bass Publishers, 1989. 

5. Gray B. Cross-sectoral partners: collaborative alliances among business, 
government, and communities. In: Huxham C, ed. Creating collaborative 
advantage. London: Sage Publications, 1996. 

6. Stokols D, Misra S, Moser RP, Hall KL, Taylor BK. The ecology of team 
science: understanding contextual influences on transdisciplinary collabo
ration. Am J Prev Med 2008;35(2S):S96–S115. 

7. Hu L, Bentler PM. Evaluating model fit. In: Hoyle RH, ed. Structural 
equation modeling: concepts, issues, and applications. Thousand Oaks CA: 
Sage Publications, 1995. 

8. Nunnally	 J, Bernstein I. Psychometric theory. 3rd ed. New York:
McGraw-Hill, 1994. 

9. Marsh HW. Positive and negative global self-esteem: a substantially mean
ingful distinction or artifactors? J Pers Soc Psychol 1996;70:810–9. 

0. Abrams DB, Leslie FM, Mermelstein R, Kobus K, Clayton RR. Transdisci

plinary tobacco use research. Nicotine Tob Res 2003;5(1S):S5–S10. 

Am J Prev Med 2008;35(2S) S159 

http://www.nap.edu/catalog.php?record_id=11153%23toc
http://nihroadmap.nih.gov/interdisciplinary/index.asp
http://dccps.nci.nih.gov/tcrb/tturc/
https://www.compass.fhcrc.org/trec/
http://cancercontrol.cancer.gov/hcirb/ceccr/
http://cancercontrol.cancer.gov/populationhealthcenters/
http://www.cdc.gov/nchs/data/dvs/lcwk9_2003.pdf
http://www.wpro.who.int/media_centre/fact_sheets/fs_20020528.htm
http://www.wpro.who.int/media_centre/fact_sheets/fs_20020528.htm


A

I

S

I

1
1
1
1
1
T
1

1
1
1

N
(
t
a

A

I

1

1
1

1
1
1

F
s

S

ppendix A: List of collaboration items 

tem (short description)	 Stem employed in the researcher survey 

atisfaction with collaboration: Items 1–8 
1. Acceptance of ideas	 Acceptance of new ideas 
2. Communication	 Communication among collaborator 
3. Strengths	 Ability to capitalize on the strengths of different researchers 
4. Organization	 Organization or structure of collaborative teams 
5. Conflict resolution	 Resolution of conflicts among collaborators 
6. Working styles	 Ability to accommodate different working styles of collaborators 
7. Outside involvement	 Involvement of collaborators from outside the center 
8. Discipline involvement	 Involvement of collaborators from diverse disciplines 
mpact of collaboration: Items 9–14 
9. Meeting productivity	 Productivity of collaboration meetings 
0. Products productivity	 Productivity in developing new products (e.g., papers, proposals, courses) 
1. Overall productivity	 Overall productivity of collaboration 
2. Research productivity	 In general, collaboration has improved your research productivity. 
3. Quality research	 In general, collaboration has improved the quality of your research. 
4. Time burden	 Collaboration has posed a significant time burden in your research. 
rust and respect: Items 15–18 
5. Showing limits	 You are comfortable showing limits or gaps in your knowledge to those with whom 

you collaborate. 
6. Trust colleagues	 In general, you feel that you can trust the colleagues with whom you collaborate. 
7. Open to criticism	 In general, you find that your collaborators are open to criticism. 
8. Respect	 In general, you respect your collaborators. 

ote: Items 1–11 asked respondents to Please evaluate the collaboration within your center by indicating if the collaboration is (1) inadequate, 
2) poor, (3) satisfactory, (4) good, or (5) excellent. Items 12–18 asked respondents to Please rate your views about collaboration with respect 
o your center-related research by indicating if you (1) strongly disagree, (2) somewhat agree, (3) not sure, (4) somewhat agree, or (5) strongly 
gree with the statement. 

ppendix B: List of transdisciplinary integration items 

tem (short description) Stem employed in the researcher survey 

1. Value collaboration I would describe myself as someone who strongly values transdisciplinary collaboration. 
2. Knowledge interference Transdisciplinary research interferes with my ability to maintain knowledge in my primary area. 
3. Less productive	 I tend to be more productive working on my own rather than working as a member of a
 

transdisciplinary research team.
 
4. Fewer publications In a transdisciplinary research group, it takes more time to produce a research article. 
5. Stimulates thinking Transdisciplinary research stimulates me to change my thinking. 
6. Changes research ideas	 I have changed the way I pursue a research idea because of my involvement in transdisciplinary 

research. 
7. Improved my research Transdisciplinary research has improved how I conduct research. 
8. Valuable science	 I am optimistic that transdisciplinary research among TTURC participants will lead to valuable 

scientific outcomes that would not have occurred without that kind of collaboration. 
9. Improves interventions Participating in a transdisciplinary team improves the interventions that are developed. 
0. Discipline contribution	 Because of my involvement in transdisciplinary research, I have an increased understanding of 

what my own discipline brings to others. 
1. Sustained collaboration My transdisciplinary collaborations are sustainable over the long haul. 
2. Outweighs inconveniences	 Generally speaking, I believe that the benefits of transdisciplinary scientific research outweigh the 

inconveniences and costs of such work. 
3. Comfortable environment I am comfortable working in a transdisciplinary environment. 
4. Effort to engage	 Overall, I am pleased with the effort I have made to engage in transdisciplinary research. 
5. Open-minded perspective	 TTURC members as a group are open-minded about considering research perspectives from fields 

other than their own. 

or all items, respondents were asked to Please rate the following attitudes about transdisciplinary research by indicating if you (1) strongly disagree, (2) 
omewhat agree, (3) not sure, (4) somewhat agree, or (5) strongly agree with the statement. 
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bstract:	 Growing interest in promoting cross-disciplinary collaboration among health scientists has 
prompted several federal agencies, including the NIH, to establish large, multicenter initiatives 
intended to foster collaborative research and training. In order to assess whether these 
initiatives are effective in promoting scientific collaboration that ultimately results in public 
health improvements, it is necessary to develop new strategies for evaluating research processes 
and products as well as the longer-term societal outcomes associated with these programs. 
Ideally, evaluative measures should be administered over the entire course of large initiatives, 
including their near-term and later phases. The present study focuses on the development of 
new tools for assessing the readiness for collaboration among health scientists at the outset 
(during the first year) of their participation in the National Cancer Institute’s Transdisciplinary 
Research on Energetics and Cancer (TREC) initiative. Indexes of collaborative readiness, along 
with additional measures of near-term collaborative processes, were administered as part of the 
TREC Year-One evaluation survey. Additionally, early progress toward scientific collaboration 
and integration was assessed, using a protocol for evaluating written research products. Results 
from the Year-One survey and the ratings of written products provide evidence of cross-
disciplinary collaboration among participants during the first year of the initiative, and also 
reveal opportunities for enhancing collaborative processes and outcomes during subsequent 
phases of the project. The implications of these findings for future evaluations of team science 
initiatives are discussed. 
(Am J Prev Med 2008;35(2S):S161–S172) © 2008 American Journal of Preventive Medicine 
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facilitate scientific efforts to solve complex o 
public health problems such as cancer inci
dence, morbidity, and obesity-associated mortal

ty, multidisciplinary teams of investigators drawn from 
 variety of different fields are being formed.1,2 The 
ajor goals of these teams are to develop new methods, 

rom the Division of Cancer Control and Population Sciences (Hall, 
oser), National Cancer Institute, and the Office of Portfolio Anal

sis and Strategic Initiatives (Taylor), NIH, Bethesda, Maryland; the 
chool of Social Ecology, University of California Irvine (Stokols), 
rvine, California; the Cancer Prevention Program, Division of Public 
ealth Sciences, Fred Hutchinson Cancer Research Center (Thorn
uist, Ehret, Barnett, McTiernan), Seattle, Washington; the Center 
or Science, Health & Society, School of Medicine, Case Western 
eserve University (Berger), Cleveland, Ohio; the Department of 
reventive Medicine, University of Southern California (Goran), Los 
ngeles, California; and the Division of Epidemiology and Commu
ity Health, School of Public Health, University of Minnesota (Jef

ery), Minneapolis, Minnesota 
Address correspondence and reprint requests to: Kara L. Hall, 

hD, Health Scientist, Division of Cancer Control and Population 

ciences, National Cancer Institute, 6130 Executive Boulevard, Room 
080, Bethesda MD 20850. E-mail: hallka@mail.nih.gov. i

m J Prev Med 2008;35(2S) 
 2008 American Journal of Preventive Medicine • Published by 
heories, and conceptual models that integrate several 
isciplinary perspectives. Cross-disciplinary scientific 
ollaboration is intended to move areas of research 
orward in ways that individual investigators working 
rom a single disciplinary perspective could not accom
lish on their own or in a timely manner.3,4 

Conducting team science that bridges multiple disci
lines can be expensive and labor intensive.5 Therefore, it 

s important to identify and understand those conditions 
hat facilitate or hinder effective cross-disciplinary collab
ration.6 Whereas the enhancement of public health is 
erhaps the most crucial intended outcome of cross-
isciplinary health research, identifying the gains in 
ealth status attributable to a particular research program 
an be quite difficult, especially during the early phases of 
 team science initiative. Research takes time to develop, 
onduct, disseminate, and implement. The stage of re
earch and the state of the infrastructure for translating 
esearch into tangible health benefits influences the 
ength of time it takes for these improvements to become 
vident at the community and societal levels. In the 

nterim, near-term markers of successful collaboration 

0749-3797/08/$–see front matter S161 
Elsevier Inc. doi:10.1016/j.amepre.2008.03.035 

mailto:hallka@mail.nih.gov


a
p
n
c
c
t
i

T
C

D
(
e
r
T
t
e
b
o
c
e
t
i
(
w
n
s
p
p
i

p
s
n
t
n
p
r
b
c
d
r
t
t
t

C

A
p
d
m
t
f
d
m

o
m
v
e
h
i
p
l
a
t
b
r
v
(
(
d
l

t
b
o
a
p
m
o
t
o
o
g
o
a
i
e
n
m
s

a
p
r
r
t
i
o
t
t
p
e
a
(
c
t
w
g
c

S

nd integration are necessary for evaluating scientific 
rogress during a research initiative.7 This paper presents 
ew methods for assessing the antecedents of effective 
ross-disciplinary collaboration and near-term markers of 
ollaborative processes and outcomes as evaluated during 
he early phase of a large-scale research and training 
nitiative in the field of energetics and cancer. 

ransdisciplinary Research on Energetics and 
ancer Initiative 

uring the fall of 2005, the National Cancer Institute 
NCI) established the Transdisciplinary Research on En
rgetics and Cancer (TREC) initiative comprising four 
esearch centers and one coordination center.8 The 
REC centers are intended to foster collaboration among 

ransdisciplinary teams of scientists with the goal of accel
rating progress toward reducing cancer incidence, mor
idity, and mortality associated with energy imbalance, 
besity, and low levels of physical activity. They also aim to 
onduct research to elucidate the mechanisms linking 
nergetics and cancer and to provide training opportuni
ies for new and established scientists who can carry out 
ntegrative research on energetics and energy balance 
www.compass.fhcrc.org/trec). This $54-million initiative 
as created through a combination of funding mecha
isms that enable four research centers to have the 
upport of a centralized coordination center. NCI is 
artnering with the centers to support developmental 
rojects both within and between centers as well as an 

nitiative-wide evaluation process.9 

Previous evaluation studies have assessed collaborative 
rocesses and outcomes during the mid-term or later 
tages of an initiative,7,10 but to the authors’ knowledge, 
o study to date has assessed antecedent factors present at 

he outset of an initiative that may influence the effective
ess of team collaboration over the duration of the 
rogram. The TREC Year-One evaluation study, summa
ized below, contributes to the science of team science 
y providing newly developed metrics for assessing 
ollaboration-enhancing or -impairing factors present 
uring the first year of a large-scale, cross-disciplinary 
esearch and training initiative, and for evaluating 
he empirical links between these antecedent condi
ions and near-term markers of scientific collabora
ion and integration. 

ollaborative Readiness and Capacity 

 number of circumstances can influence a team’s 
rospects for effective cross-disciplinary collaboration 
uring the early stages of an initiative. These factors 
ay enhance or hinder collaborative processes during 

he proposal-development phase, during preparations 
or project launch once funding has been received, and 
uring the initial months once the project has com

enced. They may also affect the longer-term success d

162 American Journal of Preventive Medicine, Volume 35, Num
f the collaboration, its scientific outcomes, and, ulti
ately, the public health impacts of an initiative. A 

ariety of circumstances that facilitate or constrain 
ffective teamwork during the initial stages of a project 
ave been identified as collaborative-readiness factors 

n earlier evaluations of cross-disciplinary scientific 
rojects and research centers.6,7,11 In this discussion, at 

east three categories of collaborative-readiness factors 
re considered: (1) contextual–environmental condi
ions (e.g., institutional resources and supports or 
arriers to cross-departmental collaboration; the envi
onmental proximity or electronic connectivity of in
estigators, or both); (2) intrapersonal characteristics 
e.g., research orientation, leadership qualities); and 
3) interpersonal factors (e.g., group size, the span of 
isciplines represented, investigators’ histories of col

aboration on earlier projects). 
Contextual–environmental influences on collabora

ion (e.g., environmental proximity among investigators, 
ureaucratic administrative infrastructures at universities 
r research labs) are more hard-wired into the physical 
nd social environment, whereas intrapersonal and inter
ersonal collaborative-readiness factors are, perhaps, 
ore malleable human factors whose qualities change 

ver time as a result of collaborative processes. Contex
ual factors such as geographic constraints on collab
ration and institutional resources may also change 
ver time, but these processes are perhaps more 
radual and difficult to accomplish due to the rigidity 
f environmental and bureaucratic structures. Presum
bly, contextual–environmental conditions as well as 
ntrapersonal and interpersonal factors interact with 
ach other to influence the overall collaborative readi
ess of a scientific team, or the extent to which team 
embers are likely to achieve the collaborative goals 

pecified at the outset of the project. 
Olson and Olson,11 in their studies of collaboration 

mong team members who are geographically dis
ersed, have emphasized the importance of technology 
eadiness, or the extent to which participants have the 
equisite technical infrastructure and expertise to es
ablish and sustain electronic communications and 
nformation exchange with each other. In the context 
f the present study, collaborative readiness is concep
ualized more broadly to encompass motivational fac
ors, leadership resources, investigators’ histories of 
rior collaboration and informal social relations with 
ach other, spatial proximity, electronic connectivity, 
nd other institutional supports for centers and teams 
see also Stokols et al.5–7). Considering the diversity of 
ollaborative-readiness factors, it is important not only 
o identify the range of potential influences on team
ork but also to understand which factors exert the 
reatest impact on team members’ collaborative pro
esses and outcomes. 

As a project moves into its mid- and later phases of 

evelopment, the notion of readiness for collaboration 
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ecomes less salient or rele
ant. During the later stages 
f the project, the contextual– 
nvironmental factors, in
rapersonal factors, and inter
ersonal factors that facilitate 
r constrain a team’s effec
iveness are better construed 
s determinants of collabo
ative capacity among inves
igators rather than as readi
ess factors that influence 
articipants’ prospects for 
ffective collaboration pri
arily at the outset of an 

nitiative. A conceptual model 
f the temporal relation
hips among collaborative-
eadiness factors, collabora
ive capacity, and collaborative 
utcomes is shown in Figure 1. 

rocess and Product 
easures of Scientific 
ollaboration 

Figure 1. Conceptual mod

t least two methodologic approaches have been used for 
ssessing the levels of cross-disciplinary collaboration and 
ntegration achieved by the members of research teams 
nd centers. One strategy is to assess the ongoing pro
esses of collaboration and scientific synergy as they occur 
ithin particular research and training settings such as 

nvestigators’ offices, conference rooms, and laboratories. 
 second approach is to evaluate the cross-disciplinary 
ualities (e.g., the quality and scope of integration among 
ultiple disciplinary perspectives) reflected in tangible 

ollaborative products such as manuscripts, grant propos
ls, published journal articles, and books.12 These re
earch deliverables can serve as markers of collaborative 
rogress during both the initial and later phases of a 
ross-disciplinary initiative. Although product assess
ents do not capture the dynamics of cross-disciplinary 

ollaboration as it occurs over time, the development of 
bjective criteria for evaluating the integrative scope 
nd quality of written products has the advantage of 
stablishing standardized criteria that can be applied 
eliably and validly across a wide range of research and 
raining projects. In the current evaluation of the NCI 
REC initiative, both process and product measures were 
sed to gauge early progress toward cross-disciplinary 
ollaboration among TREC investigators. 

Two related studies are reported below. In the first, 
ear-One survey measures were developed and admin
stered to assess collaborative-readiness factors and 
ear-term (i.e., Year-One) evidence of cross-disciplinary 
ollaboration within the TREC centers. In the second, 

n independent reviewer-rating protocol was designed d

ugust 2008 
r evaluation of collaborative initiatives 

o evaluate the integrative qualities of early-term re
earch products—specifically, pilot project grant pro
osals submitted by investigators during the first year of 

he TREC initiative. These two components of the 
REC evaluation study extend earlier research in the 
eld of team science by providing new methods for 
1) assessing collaboration readiness among the mem
ers of cross-disciplinary research teams and centers 
nd (2) gauging progress toward scientific collabora
ion and integration during the initial phase of a 5-year 
CI scientific centers initiative, evidenced through 

urvey measures of collaborative processes and inter-
ater evaluations of the cross-disciplinary qualities of 
eam members’ research products. 

ethods of the TREC Year-One Survey 

his study involved the development and implemen
ation of a Year-One survey for measuring collabora
ive-readiness factors and early evidence of scientific 
ollaboration during the first year of the TREC 
nitiative. Development of the online Year-One sur
ey was a collaborative effort between representatives 
f NCI’s evaluation team and the TREC coordination 
enter, which gathered input from TREC center 
irectors through the TREC evaluation working 
roup over the course of the survey’s development 
nd administration. 
The TREC evaluation working group comprises 
embers from all the TREC centers, the TREC coor
ination center, and the NCI evaluation team, which 
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epresents all partners within the TREC initiative coop
rative agreement. 
The NCI evaluation team comprises NCI-affiliated 

taff who participate in evaluation activities for the 
REC initiative. They work with the TREC evaluation 
orking group on relevant activities, provide content 

eadership that complements expertise at the TREC 
enters, and consider issues at the programmatic level, 
eeping broader evaluation interests at hand. 
The TREC coordination center serves as a central 

esource for the TREC research centers supported by 
n NCI U01 grant, handling activities and functions 
uch as central communication and evaluation activi
ies, training, and the conduct of original research, 

aking it more than just an administrative unit. The 
oordination center provided intensive support in fa
ilitating the evaluation of the four centers, and there
ore members of this center were not included as 
esearch subjects in the current evaluation. 

A TREC center, or TREC research center, is an 
nstitution-based research unit supported by an NCI 
54 grant. Each research center is located at a specific 
niversity or cancer center and coordinates a variety of 
esearch projects, core resources for the individual 
enter, training activities, and developmental grants. 

articipants 

nvestigators, including center directors, co-investiga
ors, and research staff from the four research centers 
ho were active in the TREC initiative at the start of 
ata collection, were eligible for the study. As men

ioned previously, because of the central role played by 
he coordination center in conducting the evaluation, 
he coordination center’s investigators and staff were 
ot included in the Year-One survey. The final sample 
ize for the evaluation was 56 of 76 participants, result
ng in a response rate of 74%. 

Approval was received from the IRBs of the three 
gencies/institutions primarily involved in the develop
ent of the survey: the Fred Hutchinson Cancer Re

earch Center (the coordination center); Westat Inc., 
he third-party contractor; and the NCI. Each respon
ent was presented with the online consent form 
efore he or she received the online survey. 

urvey Measures 

everal new survey instruments were created for the 
REC Year-One evaluation survey. Additionally, some 
f the measures were adapted from earlier studies of 
ross-disciplinary research centers and teams.5,6,10 

hese measures, administered during the first 6 
onths of the TREC initiative, can be found online in 

heir entirety (cancercontrol.cancer.gov/trec/TREC
urvey-2006-01-31.pdf). The major scales developed for 

he TREC survey are described below. b

164 American Journal of Preventive Medicine, Volume 35, Num
These scales are grouped into two major categories. 
he first category includes collaborative-readiness mea

ures of respondents’ research orientations, as well as 
ntecedent measures of collaborative readiness including 
heir assessments of the institutional resources available to 
upport TREC-related activities at the outset of the initia
ive, their reports of prior collaboration with TREC col
eagues on pre-TREC projects, and the number of years in 
hich they had participated in interdisciplinary or trans-
isciplinary research centers and projects prior to the 
REC initiative. The second category of measures include 
ear-term (first 6 months) measures of collaborative 
rocesses, namely, respondents’ overall impressions of 
heir research center and their assessments of interper
onal collaboration and productivity, the cross-disciplinary 
ctivities in which they had engaged, and their expecta
ions that their TREC-related projects would be successful in 
chieving their previously specified Year-One deliverables. 

easures of Collaborative-Readiness Factors 

he research-orientation scale (Cronbach’s ��0.74) as
essed the unidisciplinary or cross-disciplinary proclivity of 
he investigators’ values and attitudes toward research, 
sing a 5-point scale ranging from strongly disagree to 
trongly agree. Previous measures of researchers’ orienta
ions asked them to describe their transdisciplinary values 
nd behaviors; in contrast, the research-orientation scale 
eveloped for this study was designed to assess the cross-
isciplinary continuum as defined by Rosenfield13 by 
sing items that measure each of four major research 
rientations: unidisciplinary, multidisciplinary, interdisci
linary, and transdisciplinary. 
A unidisciplinary research orientation is characterized 

y the use of theories and methods drawn from a single 
eld, whereas cross-disciplinary (i.e., multidisciplinary, 

nterdisciplinary, transdisciplinary) research orientations 
ntail the combined use of concepts and methods drawn 
rom two or more distinct disciplines. Multidisciplinary 
ollaborations involve researchers who share their own 
isciplinary insights and perspectives with colleagues who 
re trained and work in fields different from their own. 
nterdisciplinary collaborations involve a higher level of 
ntegration among the different disciplinary perspectives 
f team members than is evident in multidisciplinary 
ollaborations. Transdisciplinary collaborations, like in
erdisciplinary ones, strive toward the integration of two 
r more disciplinary perspectives, but are uniquely char
cterized by the creation of novel conceptualizations and 
ethodologic approaches that transcend or move beyond 

he individual disciplines represented among team mem
ers. The final items included in this scale are presented 

n Figure 2, along with a path diagram showing the 
rouping of the items and their factor loadings from a 
onfirmatory factor analysis (described below). 

The history-of-collaboration scale assessed the num

er of investigators at the participant’s TREC center 
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Figure 2. Path diagram f
factor correlations 

ith whom the participant 
ad collaborated on prior 
rojects (number of collabora

ors); it also assessed the par-
icipant’s satisfaction with 
he previous collaboration 
ith each of those individu
ls, using a 5-point Likert 
cale ranging from not at all 
atisfied to completely satisfied 
collaborative satisfaction rat
ng). Also assessed were the 
umber of years during 
hich the respondent had 
articipated in interdiscipli
ary or transdisciplinary re
earch centers (number of years 
n inter/trans centers) and in 
nterdisciplinary or transdisci-
linary research projects 
number of years in inter/trans 
rojects) prior to the TREC 
nitiative. 

The institutional-resources 
cale (��0.87) assessed inves
igators’ impressions of the 
vailability and quality of re
ources (e.g., physical envi
onment, computer support, 
ersonnel) at their centers 
or conducting TREC-related 
esearch. Each type of institu-
ional resource was rated by 
espondents on 5-point Lik
rt scales ranging from very 
oor to excellent. 

ear-Term Markers of Collaborative Processes 

he semantic-differential/impressions scale (��0.98) as-
essed investigators’ impressions of their center as a 
hole, as well as how they feel as a member of their TREC 
enter. The items in this scale included divergent terms 
isted at each end of a 7-point continuum on which 
espondents rated their impressions (e.g., conflicted– 
armonious; not supportive–supportive; scientifically fragmented– 
cientifically integrated). 

The interpersonal-collaboration scale (��0.92) as-
essed investigators’ perceptions of the interpersonal col-
aborative processes occurring at their TREC center. 
xamples of these interpersonal processes included con-
ict resolution, communication, trust, and social cohe
ion, rated on 5-point Likert scales ranging from very poor 
o excellent and from strongly disagree to strongly agree. 

The collaborative-productivity scale (��0.95) as
essed investigators’ perceptions of collaborative pro-
iuctivity within their own TREC center, including the 

ugust 2008 
 
 

   
 

  
 

 

 
  

 

 

 
 

 

  

I tend to be more productive working on my own research 
projects than working as a member of a collaborative research 
team.

There is so much work to be done within my field that I feel it is 
important to focus my research efforts with others in my own 
discipline. 

The research questions I am often interested in generally do 
not warrant collaboration from other disciplines. 

 

 

While working on a research project within my discipline, I 
sometimes feel it is important to seek the perspective of other 
disciplines when trying to answer particular parts of my 
research question. 

Although I rely primarily on knowledge from my primary field of 
interest, I usually work interactively with colleagues from other 
disciplines to address a research problem. 

In my own work, I typically incorporate perspectives from 
disciplinary orientations that are different from my own. 

Although I was trained in a particular discipline, I devote much 
of my time to understanding other disciplines in order to inform 
my research. 

In my collaborations with others I integrate research methods 
from different disciplines. 

In my collaborations with others I integrate theories and models 
from different disciplines. 

I believe the benefits of collaboration among scientists from 
different disciplines usually outweigh the inconveniences and 
costs of such work. 

e research-orientation scale, including factor loadings and 

roductivity of scientific meetings and the center’s 
verall productivity, on a 5-point Likert scale ranging 
rom very poor to excellent. They were also asked to 
espond to the statement In general, collaboration has 
mproved your research productivity, on a 5-point scale 
anging from strongly disagree to strongly agree. 

The cross-disciplinary collaboration-activities scale 
��0.81) assessed the frequency with which each inves
igator engaged in collaborative activities outside his or 
er primary field, such as reading journals or attending 
onferences outside the primary field and establishing links 
ith colleagues in different disciplines that led to collabora

ive work, on a 7-point scale ranging from never to weekly.
The TREC-related collaborative-activities scale (��0.74)

ssessed the frequency with which each investigator en
aged in TREC-specific activities, such as collaborating 
ith fellow members of her or his own or another TREC 
enter on new developmental projects or on activities 
ther than developmental projects, on a 7-point scale 
anging from never to weekly.

Finally, the completing-deliverables scale assessed 
0.63

0.68

0.55

0.53

0.52

.36

.43

.67

.43

.30

or th
nvestigators’ expectations that their research, core, 
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nd developmental projects would adhere to the 
greed-upon schedule for completing Year-One deliv
rables, on a 5-point Likert scale ranging from highly 
nlikely to highly likely. All projects being conducted at 
he participant’s center were listed, and each project 
as rated separately. 

urvey Procedures 

he TREC Year-One survey was administered to respon
ents via a third-party research contractor (Westat Inc.) 

hrough online administration. Participants completed 
he Year-One questionnaire by clicking a link—in an 
-mail sent directly to them—to their individualized, 
assword-protected survey. The survey required an aver
ge of 35 minutes to complete, and was launched 6 
onths after the start date of the initial award. Partici

ants were given 8 weeks to complete the survey. Re
inder e-mails were sent to those who had not completed 

he questionnaire at 1-, 2-, and 3-week intervals. 

nalyses and Results of the TREC 
ear-One Survey 
nalyses of the Research-Orientation Scale 

he research-orientation scale is a theoretically based 
easure designed to assess the cross-disciplinary con

inuum of researchers’ orientations as outlined by 
osenfield.13 Factor analyses were conducted to deter
ine whether the relationships among the disciplinary 

ypes were, in fact, on a continuum, or best repre
ented as separate factors. Exploratory analyses as
essed the factor structure of the research-orientation 
cale by (1) identifying distinct factors and estimating 
he correlations between them; (2) computing factor 
oadings; and (3) eliminating items with poor loadings 
nd high complexity (e.g., items that loaded highly on 
ore than one factor). The final items included in 

ach factor were selected on the basis of factor load
ngs, item clarity, minimum item redundancy, and the 
onceptual representativeness of each factor. 

Although the use of four factors would be most 
onsistent with the underlying theoretical model, the 
aximum-likelihood method and principal-axis fac

oring resulted in an ultra-Haywood case indicating 
ither that there were too many common factors or not 
nough data to provide stable estimates of four distinct 
actors. Given the small sample size (n�56), there is 
ikely insufficient power to extract the four theoreti
ally hypothesized factors, even if they do exist. 
onvergence was obtained when extracting three 

actors using direct oblique rotation employing a 
aximum-likelihood method. The Kaiser–Meyer– 
lkin statistic (�0.6) predicts that the data are 

uitable for the factor analysis of three factors. The 
onsignificance (p�0.103) of the goodness-of-fit test 

hows that the three-factor model fits well. c

166 American Journal of Preventive Medicine, Volume 35, Num
Following this, a confirmatory factor analysis was 
onducted, based on the theoretical underpinnings of 
he research-orientation scale and the results of the 
xploratory-factor analysis. Four items were excluded 
rom the model due to low loadings, double loadings 
n meaningful factors, or conceptual inconsistency. 
hree alternative models were examined and com
ared, based on theoretical conceptualizations of the 
odel. The goodness-of-fit indexes for the confirma

ory factor analysis were all within the range of 0 –1. 
he final model included three factors with accept
ble goodness-of-fit (CFI�0.95, SRMR�0.073, and 
MSEA�0.00; CI�0.0, 0.099). A path diagram of the 
nal model, including factor loadings and items, is 
hown in Figure 2. 

ivariate Correlations 

he Pearson correlation coefficients among key study 
ariables are listed in Table 1. Means and ranges for the 
ariables are also included there. Key associations 
mong research-orientation scale factors are described 
elow. 

esearch-orientation scale. Those participants who 
cored higher on the unidisciplinary factor engaged in 
ewer cross-disciplinary collaborative activities. Addi
ionally, those who scored higher on the unidisciplinary 
actor scored lower on both the multidisciplinary and 
nterdisciplinary/transdisciplinary factors. Those who 
cored higher on the multidisciplinary factor tended to 
ngage in more cross-disciplinary and TREC-related 
ollaborative activities, had more collaborators, reported 
etter collaborative productivity at their center, and per
eived more institutional resources. Those who scored 
igher on the interdisciplinary/transdisciplinary factor 
ngaged in more cross-disciplinary and TREC-related 
ollaborative activities, and were also found to score 
igher on the multidisciplinary factor. 

istory of interdisciplinary/transdisciplinary centers 
nd projects. The fewer the number of years of involve
ent in interdisciplinary/transdisciplinary centers and 

rojects, the fewer the number of collaborators the 
articipants reported having, and the more likely they 
ere to believe that Year-One deliverables would be 
ompleted on time. Additionally, the fewer the number 
f years of involvment in interdisciplinary/transdisci
linary projects, the more positively the respondents 
ated their interpersonal collaborations, their collabo
ative productivity, their impressions of their centers, 
nd their participation as a center member. 

nstitutional resources. The better the researcher 
udged his or her center’s institutional resources to be, 
he more positive were her or his impressions of the 
enter and the more satisfied he or she was with previous 
ollaborators. Additionally, the better a respondent’s per

eptions of institutional resources, the more positively he 
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able 2. Significant predictors (p�0.10) from stepwise 
egression analysis for outcome: cross-disciplinary 
ollaboration activitiesa 

Parameter
 
ariable estimate Pr>|t|


ultidisciplinary factor 0.58 0.010

ransdisciplinary factor 0.44 0.090


ote: R-square�0.310; n�45; df�2, 42 
Higher scores indicate more cross-disciplinary collaborative activi
ies. 

r she rated collaborative productivity and interpersonal 
ollaboration within the respective center. 

egression Analyses of Year-One Survey Data 

he correlational and factor analyses summarized 
bove provided a basis for exploring potential associa
ions between nine predictor variables and three out
ome variables. The predictors included institutional 
esources, years in interdisciplinary/transdisciplinary centers, 
umber of collaborators, collaboration productivity, interper
onal collaboration, collaboration satisfaction rating, unidis
iplinary factor, multidisciplinary factor, and interdiscipli
ary/transdisciplinary factor. The following outcomes 
ere included: cross-disciplinary collaboration activities, 

emantic-differential/impressions scale, and the completing
eliverables scale. Given the exploratory nature of the 
nalysis and to help ensure that the models were not 
ver-parameterized, stepwise regression was used to 

dentify significant predictors. To identify potentially 
ignificant independent variables in this exploratory 
nalysis, a criterion of p�0.10 was used. 

Tables 2–4 summarize the significant findings from 
he regression analyses. As shown in Table 2, the higher 
he ratings on multidisciplinary and interdisciplinary/ 
ransdisciplinary factors, the more cross-disciplinary 
ctivities the participant was engaged in. Also, as shown 
n Table 3, the fewer the number of years a participant 
ad spent in interdisciplinary/transdisciplinary projects 
rior to the TREC initiative, the more positive the impres
ions of the respective TREC center and feelings as a 
ember of that particular center, and the higher the 

atings of collaborative productivity and interpersonal 

able 3. Significant predictors (p�0.10) from stepwise 
egression analysis for outcome: investigators’ impressions 
f their TREC center and as a TREC member (semantic/ 
ifferential impressions scale)a 

Parameter 
ariable estimate Pr>|t| 

ollaboration productivity scale 0.63 0.008 
nterpersonal collaboration scale 0.64 0.018 
umber of yrs of inter/trans centers –0.17 0.099 

ote: R-square�0.753; n�45; df�3, 41 
Higher scores indicate more positive impressions of center. 
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able 4. Significant predictors (p�0.10) from stepwise 
egression analysis for outcome: investigators’ completing
eliverables scalea 

Parameter
 
ariable estimate Pr>|t|


umber of yrs of inter/trans centers �0.030 0.049

ollaboration-productivity scale 0.298 0.087


ote: R-square�0.195; n�45; df�2, 42 
Higher scores correspond to more optimism of completing deliver
bles. 
nter, interdisciplinary; trans, transdisciplinary; yrs, years 

ollaborative processes within the center. Table 4 indi
ates that the more favorably participants rated the col
aboration productivity of their center, the more likely it 
as that they thought that the Year-One deliverables 
ould be completed on time and that they had spent 

ewer years as members of interdisciplinary/transdisci
linary research centers prior to the TREC initiative. 

ethods of the Written Products Protocol 
ating the Cross-Disciplinary Qualities of 
evelopmental Proposals 

o assess the near-term outcomes of cross-disciplinary 
ollaboration and productivity, a written products pro
ocol (cancercontrol.cancer.gov/trec/TREC-Protocol
006-09-27.pdf) was developed for evaluating the inte
rative qualities and scope of TREC developmental-
roject proposals. Each TREC center was allotted 
250,000 of developmental funds (for which investiga
ors apply through an internal application process, 
eceiving final approval by the TREC steering commit
ee). These funds are intended, in part, to support 
REC members’ efforts to facilitate collaborative re

earch above and beyond what was originally proposed 
n each team’s individual application for establishing a 
REC center at its institution. Developmental research 
rojects are intended to provide an avenue for integrat

ng the conceptual and methodologic perspectives of 
REC investigators trained in different fields. The 

iming of this analysis, using only developmental 
roject proposals submitted during the first 6 months 
f the initiative, meant that no cross-center proposals 
ere included; the first call for cross-center proposals 
ame later in the initiative. 

rotocol Criteria 

embers of the NCI evaluation team created evaluation 
riteria for assessing the degree of cross-disciplinary 
ntegration and the conceptual breadth or scope of the 
roposed developmental projects. These criteria were 
dapted from the written products protocol developed 
y Mitrany and Stokols12 to assess the cross-disciplinary 
cope of doctoral dissertations conducted in an inter

isciplinary graduate program. The dimensions of t

168 American Journal of Preventive Medicine, Volume 35, Num
ross-disciplinarity assessed included: disciplines repre
ented in the content of the proposal; levels of analysis 
eflected in the proposed research (i.e., molecular and 
ellular; individual, group, and interpersonal; organiza
ional and institutional; community and regional; soci
tal; national; and global); the type of cross-disciplinary 
ntegration reflected in each proposal (i.e., unidiscipli
arity, multidisciplinarity, interdisciplinarity, or trans
isciplinarity); the scope of transdisciplinary integra
ion reflected in each proposal (i.e., the breadth or 
xtent to which there is integration of analytic levels, 
nalytic methods, and discipline-specific concepts, 
ated on a 10-point Likert scale ranging from none to 
ubstantial); an overall assessment of the general 
cope of each proposal (i.e., its breadth, or the extent 
o which various disciplines are represented and 
nvestigators from different disciplines, analytic lev
ls, and analytic methods are included in the pro
osal, rated on a 10-point Likert scale ranging from 
one to substantial). 

rocedures for Reviewing TREC 
evelopmental Project Proposals 

ndependent assessments of each developmental pro
osal were completed by two independent reviewers using 
he TREC written-products protocol. A total of 21 propos
ls submitted during Year One of the TREC initiative were 
ssessed. The reviewers were trained by members of the 
valuation team to ensure consistent interpretations and 
pplications of the written-products rating scales. Consen
us conference calls were later held with a moderator 
nd members of the NCI evaluation team. Members of 
he evaluation team included individuals with a wide 
ange of cross-disciplinary clinical and research experi
nce, as well as previous experience conducting evalu
tions of other large transdisciplinary initiatives. Dis
repant scores on the various rating scales for each 
roposal were discussed among the group until consen
us was reached. 

nalyses and Results of the 
ritten Products Protocol 

nter-Rater Reliabilities 

nter-rater reliabilities based on Pearson’s correlations 
anged from 0.24 to 0.69 across the different rating 
cales. The highest reliabilities were identified for the 
atings of experimental types (0.69); the number of 
nalytic levels (0.59); disciplines (0.59); the general 
cope reflected in the proposals (0.52); and the meth
ds of analysis (0.41). The lowest inter-rater reliability 
0.24) was found when the reviewers attempted to 
dentify the specific type of cross-disciplinary integra

ion reflected in the various proposals. 
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able 5. Bivariate correlations among key written-products s

1 2 

ross-disciplinary integration type — 0.68**
eneral scope — 
otal proposal disciplines 
otal proposal analysis levels 
otal proposal experiment types 
otal methods of analysis 

ote: N�21; dashes indicate a correlation of 1.0 
p�0.05; **p�0.01 

escriptive Statistics 

isciplines represented within the developmental pro
osals. The average number of disciplines represented 

n the proposals was 3.7 (range 2.0 –6.0); 43 % of the 
roposals included three disciplines, whereas 14 % of 

he proposals included two, four, five, or six disciplines. 
ore than 35 different disciplines were represented 

cross the 21 proposals. 

evels of analysis included in the developmental pro
osals. Four levels of analysis were identified across the 
roposals: molecular and cellular; individual; group 
nd interpersonal; and community and regional. 

ypes of cross-disciplinary integration reflected in the 
roposals. Fourteen of the developmental proposals 
ere identified by the raters as being interdisciplinary; 

ix were classified as unidisciplinary; one was rated as 
eing multidisciplinary; and none was judged to be 
ransdisciplinary. 

ross-center collaboration. No proposals were found 
o include researchers or resources from more than 
ne TREC center. 

orrelations among dimensions of cross-disciplinarity. Sig
ificant correlations among the dimensions of cross
isciplinarity, assessed for each of the 21 developmen
al proposals, are reported in Table 5. Generally, the 
igher the number of disciplines reflected in a pro
osal, the broader its integrative scope (r �0.90) and 

he larger its number of analytic levels (r �0.70), as 
ated by independent reviewers of the proposal. Also, 
he higher the type of cross-disciplinarity—per Rosen
eld’s continuum13—reflected in a proposal, the 
roader its overall scope was judged to be (r �0.68). 

iscussion 

his study contributes to the science of team science by 
1) developing and testing new evaluation research 
ools (i.e., the TREC Year-One survey and the written-
roducts protocol); and (2) by opening new avenues of 

nvestigation for evaluating the empirical links between 
ollaboration readiness and near-term collaborative 
rocesses and products in the context of large-scale, 

ross-disciplinary research and training initiatives. The o

ugust 2008 
ariables 

3 4 5 6 

0.40* 0.21 0.20 0.37 
0.90** 0.74** 0.38 0.67** 
— 0.70** 0.31 0.65** 

— 0.49* 0.62** 
— 0.69** 

— 

verall response rate for the TREC Year-One survey was 
4%, but the overall sample size for this initial phase of 
he TREC evaluation study was relatively small (i.e., 
�56 survey participants; n�21 developmental propos
ls). Given the small sample size, the analyses should be 
onsidered exploratory and the results preliminary. 

The measures developed for the Year-One survey 
emonstrated good internal reliability (� range�0.74– 
.98). The most novel measure developed in this study 
as the research-orientation scale, designed to assess the 

our facets of disciplinary collaboration ranging from 
nidisciplinarity to transdisciplinarity. Analyses clearly 
emonstrated that there are distinct factors within this 
cale, although—likely owing to the small sample size—it 
s not clear whether this scale represents four distinct 
actors as conceptualized by Rosenfield13 or if three 
actors (unidisciplinary, multidisciplinary, and interdisci
linary/transdisciplinary) better represent the cross-disci
linary continuum. Interestingly, there is an ongoing 
ebate in the science of team science literature about the 
ifferentiation between interdisciplinary and transdisci
linary collaboration.14,15 Overall the current study found 

hat those who scored higher on the unidisciplinary factor 
cored lower on the multidisciplinary and interdiscipli
ary/transdisciplinary factors. Additionally, the cross-
isciplinary aspects of the scale, the multidisciplinary and 
he transdisciplinary factors, were most strongly related. 

The empirical associations observed in this study 
etween the research-orientation–scale factors and 
ther survey scales provide additional support for the 
onceptual factors, and shed light on scientists’ atti
udes toward cross-disciplinary collaboration. For in
tance, those who scored higher on the unidisciplinary 
actor reported fewer cross-disciplinary collaborative 
ctivities, whereas those ranked higher on the multidis
iplinary and interdisciplinary/transdisciplinary factors 
eported more cross-disciplinary and TREC-related 
ollaborative activities. These relationships were corrob
rated through additional regression analyses. The re
orted finding that an investigator’s cross-disciplinary 
esearch orientation is related to greater engagement in 
ross-disciplinary activities (on a self-reported index of 
ollaborative behaviors) offer preliminary cross-validation 
f the conceptual assumptions underlying the devel
tudy v

 

pment of the research-orientation scale. Additional 

Am J Prev Med 2008;35(2S) S169 
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upport for these relationships involves the number 
f collaborators associated with the three research
rientation–scale factors. Those who scored higher 
n the multidisciplinary and interdisciplinary/trans
isciplinary factors reported more collaborators 
rior to TREC, whereas the unidisciplinary factor was 
ot associated with the number of collaborators prior 

o TREC. The inverse relationship between scores on 
he unidisciplinary and the multidisciplinary and 
nterdisciplinary/transdisciplinary factors implies 
hat they may be mutually exclusive. Further exami
ations of these factors should aim to confirm this 
ypothesis. A logical next step would be to investigate 
hether individuals who begin a transdisciplinary 

nitiative like TREC with a unidisciplinary orientation 
hange over time as they engage in transdisciplinary 
ollaborations. 

It was also found that those who scored higher on the 
ultidisciplinary factor felt that their center had more 

nstitutional resources. This finding suggests either that 
nvestigators with more resources might be better 
quipped to engage in collaborative endeavors with 
esearchers in disparate disciplines, or that working 
ith investigators from other disciplines might increase 
vailable resources. Future research is needed to fur
her understand this relationship. 

The number of years a researcher had been involved 
n pre-TREC interdisciplinary/transdisciplinary centers 
nd projects revealed interesting associations among 
ollaborative attitudes that may reflect certain chal
enges inherent in interdisciplinary/transdisciplinary 
ollaboration. For instance, the fewer years a researcher 
ad been involved in interdisciplinary/transdisci
linary projects prior to the TREC initiative, the more 
ositive were his or her attitudes toward the respective 
REC center’s collaborative productivity and interper

onal collaboration; his or her impressions of the 
enter; and her or his feelings as a member of that 
enter. Inversely, this finding suggests that those re
pondents who reported a greater number of years 
nvolved in interdisciplinary/transdisciplinary centers 
nd projects rated these attitudinal factors less posi
ively. A possible interpretation of this finding is that it 
eflects respondents’ realistic understanding of the 
ubstantial time and energy required to develop inter
ersonal, physical, and funding infrastructures for sci
ntific collaboration. Alternatively, the more experi
nced investigators in cross-disciplinary initiatives may 
e more likely to perceive the TREC project as labori
us and time-consuming compared to other program 
rojects (e.g. P01, P50, or multisite trials) that may be 
unded at their centers. Despite these findings, it is 
mportant to note that the majority of responses by the 
articipants were in the upper range of the scale; that 

s, overall the investigators rated their experiences quite 

ositively (see means and ranges in Table 1). c

170 American Journal of Preventive Medicine, Volume 35, Num
Investigators’ perceptions of greater institutional 
esources at their TREC centers were related to a 
ore positive outlook for a variety of collaborative 

rocesses and outcomes (e.g., as reflected in their 
ore-positive ratings of their center, their confi

ence in achieving transdisciplinary research and 
raining goals, the collaborative productivity of their 
enter, and the interpersonal qualities of their col
aborations). Perhaps institutional resources provide 
 stable foundation for researchers that enable them 
o more effectively address the challenges of cross-
isciplinary science and training. Moreover, not hav

ng to compete for scarce resources may facilitate 
reater trust and cohesion among center members as 
ell as more favorable assessments of the lead prin
ipal investigators. Importantly, feelings of trust are 
n essential prerequisite for effective collaboration in 
ross-disciplinary teams.6,16 –18 

Finally, the collaborative-productivity and interpersonal-
ollaboration scales included in the Year-One survey 
ere associated with investigators’ more positive overall 

mpressions of their center and more favorable feelings 
s members of the center. These associations suggest 
hat the more favorably an investigator perceives the 
roductivity and interpersonal relationships in a cen
er, the more positive will be her or his overall assess

ent of the center. It remains to be determined in 
uture studies whether more positive assessments and 
nterpersonal relationships among members of a cross-
isciplinary center result in higher levels of research 
roductivity and more significant, longer-term impacts 
n science and society. 
Turning to the ratings of the TREC investigators’ 

evelopmental proposals, the written products proto
ol revealed evidence of successful collaboration and 
isciplinary integration during the first year of this 

arge-scale, cross-disciplinary initiative. Within the 21 
roposals submitted during the first 6 months of the 

nitiative, more than 35 disciplines and four levels of 
nalysis were represented. Thus, during the start-up 
hase of the TREC initiative, investigators not only had 
een able to launch their initially proposed research 
rograms but also had made considerable progress in 
eveloping new collaborative studies, many of which 
ere judged by independent reviewers as being 
roadly interdisciplinary in scope. The lack of pro
osals of a transdisciplinary nature is most likely due 

o the constraints of doing this work so soon after the 
nitiative was funded. It is anticipated that analyses of 
ubsequent developmental proposals in future years 
f the initiative will find them more transdisciplinary 

n their scope and orientation. Due to its timing, the
ear-term analysis of developmental project propos
ls was limited to within-center projects; efforts by
CI, the TREC coordination center, and the TREC

teering committee have been ongoing to support 

ollaboration among the members of multiple TREC 

ber 2S www.ajpm-online.net 
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enters. An initial review of the developmental-
roject proposals submitted after the completion of 

hese analyses indicated that cross-center collabora
ions were already taking place. 

imitations and Future Directions 

s noted earlier, the results of this study are necessarily 
xploratory and preliminary due to the small size of the 
tudy sample. Future investigations should incorporate 
oth larger sample sizes and other cross-disciplinary 
roups of researchers to validate this study’s results, 
specially those analyses using the research-orientation 
cale and the regression models. Additionally, measures 
f collaborative readiness and the written products 
rotocol should also be administered across multiple 

nitiatives in order to more firmly establish the psycho
etric properties of the scale and to assess its applica

ility across multiple research teams and settings. In 
act, the research-orientation–scale protocol developed 
n this study is currently being administered to investi
ators participating in another large-scale, NCI cross-
isciplinary initiative. Along these lines, an important 
irection for future research is to enlarge the research
rientation–scale item pool to ensure that the concep
ual underpinnings of the scale are well represented, 
ncreasing the number of items per factor and maxi

izing the factor loadings. For instance, the inclusion 
f additional interdisciplinary items might increase the 

ikelihood of identifying interdisciplinarity and trans
isciplinarity as separable factors in a larger sample. 
The response rate to the Year-One survey was lower 

han expected. Although evaluation was explicitly indi
ated in the cooperative agreement for the initiative 
nd included as a role for the coordination center, 
any investigators felt that they were not aware of the 

valuation component as intended before committing 
o participate in the grant submission, and thus possibly 
id not have buy-to the importance of participating in 
he evaluation; they also reported feeling that the 
ommunication regarding the specific evaluation ef
orts conducted in the first year was not sufficient, and 
hat an adequate participatory process was not used to 
ully engage all investigators. Confidentiality agree

ents limit the capacity at this time to more clearly 
ifferentiate who did not respond to the survey. Some 
ypotheses include suppositions that the nonre
ponders were “loner” investigator types, were individ
als with a small percentage of time to devote to the 
REC initiative, or were individuals overburdened by 

tarting up projects. Therefore it is unclear if the 
onresponders were not ready to engage in transdisci
linary research collaboration or simply were not ready 

o engage in evaluation efforts perceived as peripheral 
o their scientific mission. 

Another methodologic limitation imposed by the 

mall sample size was the difficulty of conducting 

i
h

ugust 2008 
nalyses linking the Year-One survey data with the 
evelopmental proposal ratings. Twenty-six individuals 

isted as investigators in the 21 developmental propos
ls had also completed the Year-One survey. These 
esearcher/proposal pairs were used to explore the 
elationships between participants’ self-reports of col
aborative readiness and the independent reviewers’ 
xternal ratings of developmental project proposals in 
erms of their cross-disciplinary integration and overall 
cope. Significant associations between the survey re
ponses and the proposal ratings were negligible, pos
ibly due to the small number of investigators for whom 
oth survey and proposal data were available.a 

The written-products protocol assesses behavioral 
vidence of cross-disciplinary integration that can be 
athered over the course of an initiative to gauge 
hanges in the quantity and qualities of collaborative 
roducts. The consensual rating procedure used in this 
tudy suggests that reviewers’ assessments of the devel
pment proposals were ultimately reliable. However, 
he inter-rater reliabilities of the reviewers prior to the 
onsensus process were somewhat low, thereby poten
ially limiting the generalizability of this protocol to 
ther research teams and settings. In some cases, the 
eviewers were challenged by the breadth of the scien
ific content of the proposals, which increased the need 
or the consensus process. It is recommended that 
dditional refinements be made to this tool in order to 
nhance the clarity of the protocol criteria and the 
evels of inter-rater reliability on each evaluative dimen
ion. More detailed descriptions of the criteria and the 
nclusion of concrete examples (e.g., narrow vs broad 
ntegrative scope) are likely to facilitate greater accu
acy and consistency of reviewers’ ratings of research 
roducts in future studies. 
An additional limitation of this study is the retrospec

ive measurement of antecedents and the collection of 
aseline data several months into the award cycle. 
nfortunately, the timing of the award and the neces

ity of involving the coordination center and other 
REC members in planning the evaluation study pre
luded starting the evaluation from Day 1. It was not 
ossible to know what centers or groups of investigators 
ere going to be funded before they received the 
ward. Also, in order to establish buy-in of the investi
ators for the evaluation, time was needed for the 
articipatory development of the baseline measures. If 
aseline measurement at the immediate onset of the 
ward is desired, then a participatory process cannot 
ccur and it is likely that a mandate for evaluation by 

Also, the fact that some of the developmental-project proposals 
lready had been outlined as part of the original parent proposal 
ubmitted to NCI, while others were created after the TREC centers 
ere launched, precluded analyses of the temporal links between 
ollaboration readiness during the start-up phase of a center and the 

ntegrative qualities of collaborative projects that were presumed to 
ave been initiated once the TREC initiative was underway. 
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he funding agency can have alternative impacts and 
imitations that will need to be taken into account. 

The coordination center is a unique and important 
eature of this initiative, but because of its role in 
acilitating the evaluation and given its priorities on 
dministration over scientific research, the coordina
ion center itself was not evaluated. Therefore, this 
ecision was based primarily on resource and potential-
ias issues. In future studies, the broader evaluation of 
he structural organization of the initiative as well as the 
ollaborative factors relevant to the coordination cen
er should be examined. This would be accomplished 
est through an evaluation process conducted fully by a 
eam external to the initiative. 

In conclusion, this study was conducted during the 
tart-up phase of a 5-year, transdisciplinary center ini
iative. Subsequent studies will be needed to determine 
he empirical links between collaborative-readiness fac
ors at the outset of an initiative and subsequent 
ollaborative processes and outcomes. Further investi
ations are needed to identify the highest leverage 
eterminants of collaboration readiness and capacity— 

hat is, those that are linked most closely to important 
cientific and health advances as they emerge over the 
ourse of a team science initiative. A broader under
tanding of the relationships among collaborative-
eadiness factors, collaborative capacity, and longer-
erm collaborative impacts on health science, clinical 
ractice, and population well-being will enable funding 
gencies to more effectively identify and support the 
eams of researchers with the greatest potential to 
ucceed in complex cross-disciplinary research. 

his article is based on a paper presented at the National 
ancer Institute Conference on The Science of Team 
cience: Assessing the Value of Transdisciplinary Research 
n October 30 –31, 2006, in Bethesda MD. This research 
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ransdisciplinarity Among Tobacco Harm–Reduction 
esearchers 

 Network Analytic Approach 
eith G. Provan, PhD, Pamela I. Clark, PhD, Timothy Huerta, PhD 

bstract:	 Progress in tobacco control and other areas of health research is thought to be heavily 
influenced by the extent to which researchers are able to work with each other not only 
within, but also across disciplines. This study provides an examination of the extent to 
which researchers in the area of tobacco harm reduction work together. Specifically, data 
were collected in 2005 from a national group of 67 top tobacco-control researchers from 
eight broadly defined disciplines representing 17 areas of expertise. Network analysis was 
utilized to examine the extent to which these researchers were engaged in research that 
was interdisciplinary or transdisciplinary, based on the outcome or product attained. 
Findings revealed that interdisciplinary network ties were much denser than transdisci
plinary ties, but researchers in some disciplines were more likely to work across disciplines 
than others, especially when synergistic outcomes resulted. The study demonstrates for the 
first time how tobacco-control researchers work together, providing direction for policy 
officials seeking to encourage greater transdisciplinarity. The study also demonstrates the 
value of network-analysis methods for understanding research relationships in one 
important area of health care. 
(Am J Prev Med 2008;35(2S):S173–S181) © 2008 American Journal of Preventive Medicine 
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tobacco control, as in other areas of health n 
promotion, it is becoming increasingly apparent 
that in order to make significant progress, a systems 

pproach must be utilized.1,2 In particular, those who 
ork in discrete areas of tobacco control, like public 
olicy or treatment or aerosol chemistry, must not only 
ecognize the value of the contributions of those in 
ther fields, like smoking topography, economics, and 
enetics, but they must also learn to work across 
isciplines in order to coordinate their activities and 
ehaviors. There are increasing pressures to have basic 
nd applied scientists work together to improve clinical 
nd population health practices and outcomes. An idea 
aining greater traction is that cross-disciplinary collab
rations facilitate exposure to different theories, meth
dologies, approaches, and research traditions that will 
esult in better-quality science, increased innovation, 
nd the accelerated translation of evidence into prac-

rom the School of Public Administration and Policy, University of 
rizona (Provan), Tucson, Arizona; Tilburg University (Provan), 
ilburg, the Netherlands; the Department of Public and Community 
ealth, University of Maryland College Park School of Public Health 

Clark), College Park, Maryland; Rawls College of Business, Texas 
ech University (Huerta), Lubbock, Texas; and the Child and Family 
esearch Institute (Huerta), Vancouver, British Columbia, Canada 
Address correspondence and reprint requests to: Keith G. Provan, 
hD, 405 McClelland Hall, Tucson AZ 85721. E-mail: kprovan@ 
ller.arizona.edu. c

m J Prev Med 2008;35(2S) 
 2008 American Journal of Preventive Medicine • Published by 
ice.3 Concepts such as collaboration, networks, cross-
isciplinary research, and knowledge translation are 
hanging the way scientists, practitioners, and policy-
akers think about the health-research enterprise.4 

One key element of a systems approach is working 
ollaboratively through a network.2 A network com
rises three or more individuals or organizations that 
re connected through any type of tie, such as friend
hip, resource-sharing, or work interactions. Ties may 
ange from tightly to loosely coupled,5 may be formally 
such as transdisciplinary tobacco use research centers) 
r more informally structured, and may be goal-
irected or serendipitous.6 In health research, collab
rative networks can occur in many different ways and 

nvolve many different types of individuals and organi
ations, ranging from those who conduct basic research 
o those who make policy and provide funding, to those 
ho provide actual treatment and related services. A 

ruly integrated system would involve a network of 
ollaborative efforts that spans all areas of research and 
ractice within a given health field and involves all key 

ndividuals and organizations. While such a system may 
e a long way off, and in practice may not even be 
ossible, it is not unreasonable to work toward a goal of 
uilding greater network integration as a way of en
ancing tobacco-control efforts. 
One area of tobacco control that lends itself espe
ially well to collaborative efforts is research.7 Although 

0749-3797/08/$–see front matter S173 
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ross-disciplinary collaboration has always been a fun
amental part of creating good research, disciplinary 
oundaries and narrowly defined areas of expertise 
ften result in silos of researchers who do not work 
ogether across disciplinary boundaries or even talk 
ith one another to share ideas.8 Each discipline has its 
wn theoretical perspectives, jargon, and tools and 
ethods—differences that must be overcome for trans-

isciplinary teams to make progress. Thus, the content 
nd outcomes of research are heavily affected by the 
rocess, which is dependent on the network of interac

ions among researchers. 
The IOM has called for a shift to research that 

ngages investigators from multiple fields in order to 
capitalize on expanding knowledge of how genetic, 
ocial, and environmental factors interact to influence 
ealth.”9 Calls for greater cross-disciplinary collabora

ion have become an important part of the research 
genda of major government-research funding agen
ies. For instance, several institutes of the NIH and the 
obert Wood Johnson Foundation have jointly funded 
enter grants to support Transdisciplinary Tobacco Use 
esearch Centers (TTURC),10 with actual and planned 

nvestments of $145.5 million between 1999 and 2009 
G. Morgan, NCI Tobacco Control Research Branch, 
ersonal communication, 2006). 

ross-Disciplinarity in Networks 

hile cross-disciplinary research networks have re
eived a good deal of attention as a preferred mecha
ism for addressing complex problems, very little is 
nown about the nature of collaboration among re
earchers. Stokols and co-workers11 have provided a 
onceptual framework for evaluating transdisciplinary 
cience, and have examined the contextual circum
tances faced by participating researchers in several 
TURCs, providing a foundation for evaluating the 
utcomes of transdisciplinary science centers. 
Even less is known about the extent of transdisci

linary research that occurs across informal networks 
utside of funded centers. This lack of knowledge is 
omewhat surprising, given the importance of the topic 
nd the explosive growth of social-network research in 
ecent years.6,12 In particular, very little has been done to 
nderstand the extent to which research in tobacco 
ontrol or other scientific endeavors is cross-disciplinary, 
nd if so, what this process looks like. Such knowl
dge would be extremely helpful not only to those 
ho study research and knowledge-translation net
orks but also to those who fund, administer, and 
ork in research networks by providing a set of 
uidelines or best practices for effective network 
rganization, development, and administration. 
Cross-disciplinary network interactions and involve
ent have been especially important in the area of 
obacco harm reduction, which has been defined by l

174 American Journal of Preventive Medicine, Volume 35, Num
tratton et al.13 as “minimizing harms and decreasing 
otal morbidity and mortality, without completely elim
nating tobacco and nicotine use.” Because tobacco use 
s a complex problem—involving such things as tobac
o-smoke chemistry, behavior of use, economics and 
ublic policy, and epidemiology, among others— 
esearching harm reduction is by definition multidisci
linary. The research presented here is an examination 
f the extent to which researchers in tobacco harm 
eduction work together across disciplines, and what 
utcomes occur as a result. In general, the idea is that 
esearch needs to be understood as a network-level 
henomenon, involving multiple individuals who work 
cross disciplinary boundaries and develop products 
nd outcomes that could not be attained by working 
ndependently. 

This research is exploratory and was guided by 
everal research questions. First, what are the nature 
nd extent of the working relationships among the top 
esearch scientists who study tobacco use? Second, do 
obacco-control researchers collaborate across, as well 
s within, academic disciplines, and if so, what is the 
tructure of such interdisciplinary networks? Third, 
hat outcomes are achieved through interdisciplinary 
etwork collaboration? And fourth, is the tobacco 
arm–reduction network achieving transdisciplinarity, 
nd what is the structure of this network? 

While there seems to be general agreement among 
hose who study the topic that cross-disciplinary research 
s highly desirable as a way to advance science,3 there is a 
ack of clarity on the use of the terms multidisciplinary, 
nterdisciplinary, and transdisciplinary. A useful description 
f these three forms of cross-disciplinary research has 
een provided by Rosenfield,14 whose work is summa
ized by Stokols et al.15 in the introductory paper of this 
upplement to the American Journal of Preventive Medicine. 
he distinctions made by these scholars have been drawn 
n here to guide the research presented. 

esearch Methods 
he Sample 

he National Cancer Institute and the American Leg
cy Foundation provided funding to create a formal 
etwork of researchers involved with the science of 

obacco harm reduction. For this study, the top re
earchers in tobacco-control research were invited to 
oin the Tobacco Harm–Reduction Network. Those 
nvited to participate constitute the sample utilized for 
his project. 

A sampling frame of participants was identified 
hrough a key-word search of the NIH Computer 
etrieval of Information on Scientific Projects (CRISP) 
nd MedLine of the National Library of Medicine. 
hrough these databases, 167 principal investigators, 
ead authors, or both were identified as potential 

ber 2S www.ajpm-online.net 
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able 1. Disciplines of Tobacco Harm–Reduction Network m

isciplines Fields included 

hemistry/toxicology Physical chemistry; organic 
chemistry; toxicology; bio

pidemiology Epidemiology 
edicine/nursing/dentistry Medicine; nursing; dentistr
ther behavioral Behavioral sciences; health 

English; public health; ed
ther bench Biophysics; physiology 
harmacology Pharmacology; psychopharm
olicy/law/ethics Health policy; social policy;
sychology/psychiatry Psychology; clinical psychol

physiologic psychology; so

articipants in the project. The invited participants for 
he actual study were drawn from the list using reputa
ional sampling.16 That is, a team of experts were 
mployed to select from the list of 167 those who 
epresented the most-accomplished researchers in 
heir individual fields of inquiry, based on funding, 
ublications, and general reputation in tobacco harm– 
eduction research. Thus, the sample is biased in favor 
f more-established researchers. A total of 68 potential 
etwork members were identified and sent a member-
hip application in 2005, which included the questions 
sed. No effort was made to select researchers by area 
f discipline. 
It is important to note that while the Tobacco 
arm–Reduction Network does have members in the 

ormal sense of the term, consisting of the 68 top 
esearchers selected for the study, the findings and 
nalysis focus on the network of relationships estab
ished by these researchers on their own as they con-
ucted their research. There was no formal meeting of 
he Tobacco Harm–Reduction Network prior to data 
ollection, and members were asked only to report 
heir past work-based interactions with each other. 

easures 

he membership application requested information on 
he field of the highest earned degree, areas and extent 
f expertise, and the nature of relationships among the 
embers and the products of those relationships. Of 

he 68 members identified, 67 returned the application 
98.5% response rate). 

Discipline was defined as the field in which the 
espondent earned his or her highest academic degree. 
esearchers were from a range of eight broadly defined 
isciplines identified by the authors, including psychol-
gy, medicine, policy, economics, pharmacy, epidemi
logy, other behavioral, and other bench. The distribu
ion of disciplines within the sample is reported in 
able 1. 
Seventeen areas of expertise were identified a priori. 

espondents were asked to indicate their level of 

xpertise (none or limited, some, or  strong) for each of the E

ugust 2008 
ers 

Frequency 

istry; bio-organic chemistry; geo-organic 12 
istry 

4 
8 

ation; philosophy; communication research; 8 
on 

2 
ogy 4 

4 
xperimental psychology; health psychology; 25 
sychology 

7 categories identified by the authors. The frequencies 
nd percent of Tobacco Harm–Reduction Network 
esearchers who reported their expertise as strong in 
ach area are reported in Table 2. 
The membership application listed all 68 members 

f the broadly-defined network, and each was requested 
o indicate if he or she had had any previous work-
elated interaction with any other member. If the 
espondent answered yes to any interaction, she or he 
as asked about the nature of the interaction (shared 

nformation, worked as part of a team without a formal 
rrangement, or worked as part of a team with a formal 
rrangement like a contract, memorandum of agreement, joint 
unding, or formal sharing of resources). 

Three additional items were asked about those with 
hom respondents had interactions: Did the interaction 
elp shape your thinking or your approach to your work? (yes 
r no—the measure of interdisciplinarity); Did the inter
ction lead to the production of a product, such as a journal 
rticle or research proposal? (yes or no), and, if yes, Does the 
roduct contain perspectives or elements that go beyond what 
ou could have developed on your own? (yes or no). These 

able 2. Frequencies and percent of Tobacco 
arm–Reduction Network members reporting strong 

xpertise in 17 tobacco harm–reduction content areas 

rea of expertise Frequency % 

reclinical 13 19.4 
moke chemistry 16 23.9 
moking topography 20 29.9 
hysiology 11 16.4 
ddiction 35 52.2 
enetics 9 13.4 
linical trials 12 17.9 
essation 33 49.3 
dolescent smoking 21 31.3 
iomarkers 14 20.9 
dvertising and promotions 9 13.4 
rogram evaluation 11 16.4 
obacco industry 12 17.9 
opulation surveillance 14 20.9 
conomics 4 6 
obacco-control law 16 23.9 
emb

chem
chem

y 
educ
ucati

acol
 law 
ogy; e
thics 9 13.4 
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able 3. Items for indexes of multidisciplinary, interdisciplin
eduction Network members 

Mult
tem relati

ighest degree from different discipline 
o interaction 
hared information 
orked on team with or without contract 
esulted in a product 
roduct contained elements beyond what you 
could have developed on own 

ast two questions were both considered to be measures 
f transdisciplinarity, although because they were 
ighly correlated (0.94), only the second one was used 

n the analysis. An overview is provided in Table 3. 
ultidisciplinary relationships occurred simply by vir

ue of having multiple disciplines represented in the 
obacco Harm–Reduction Network, regardless of 
hether or not interactions took place. 
To increase the reliability of responses, network 

nteractions were counted only if both parties in the 
elationship agreed that there was indeed a relation
hip. This confirmation procedure minimized the like
ihood that results would be affected by respondents 
ho claimed network relationships, when, in fact, such 
elationships did not actually exist. When there was a 
iscrepancy about the exact type of relationship, a 
onservative approach was used, coding the data based 
n the least-formal type of tie mentioned by either 
arty. However, more than 70% of all relationships 
ere reported identically by both respondents. Data 
ere also coded so that if one person reported a 

ransdisciplinary tie but the other reported only an 
nterdisciplinary tie, it was counted as interdisciplinary. 
inally, because respondents were completing the sur
ey as part of an application for membership in a 
etwork into which they had already been accepted, 

here was little incentive to inflate responses. Network 
elationships were then arrayed in a matrix form and 
nalyzed using UCINET 6, the most commonly utilized 
etwork analysis software. Matrixes were subjected to 

able 4. Comparative statistics for interdisciplinary (no outc
eduction networks (n�67) 

Inter- Trans-

etwork measure disciplinary disciplinary 

etwork density 32.56 7.10 

egree centrality 0–0.79 0–0.30 
etwork betweenness 1.10 1.80 

etwork centralization 0.06 0.18 
index 

ragmentation 0.36 0.68 
nclusiveness 0.98 0.85 

176 American Journal of Preventive Medicine, Volume 35, Num
nd transdisciplinary relationships among Tobacco Harm– 

linary Interdisciplinary Transdisciplinary 
p relationship relationship 

 Yes Yes 
 

Yes Yes 
Yes Yes 

Yes 
Yes 

ata and variable quality tests to ensure the robustness 
f the data-collection practices and to minimize coding 
rrors. Separate network matrices were constructed for 
nterdisciplinary and transdisciplinary outcomes, al
hough analytical efforts focused primarily on the trans-
isciplinary matrix. Networks were also displayed 
raphically using a network-visualization tool called 
etDraw. 

esults and Discussion 

he overall network findings (Table 4) include a 
umber of statistics indicating the network structure, 
r the relative positioning of actors within the net
ork. The table reports statistics for both the inter
isciplinary (no outcome) network and the transdis
iplinary (a synergistic outcome) THR network. 

Using the confirmed linking process described 
bove, network density for any type of tie (interdiscipli
ary or multidisciplinary) was 0.326. Density refers to 

he connectivity of the full network. If every one of the 
7 researchers responding to the questions was linked 
o every other researcher listed, the network would be 
ompletely connected. This would result in a network 
ensity score of 1.00. The finding that slightly less than 
ne-third of total possible network connections were 
ctually occurring may seem low to those unfamiliar 
ith network analysis, but it actually indicates a well-
onnected network, especially because the network 
tudied has so many members. Overall density breaks 

 and transdisciplinary (synergistic outcome) tobacco harm– 

Concept definition
 

Total actual number of connections as a percentage of 
total possible connections 

Range of number of individual connections (normalized) 
Extent to which actors mediate, or fall between, any other 

two actors on the shortest path between those actors 
The extent to which a network is centralized around one 

or a few actors 
The percentage of pairs of actors that are unreachable 

from each other 
ary, a

idiscip
onshi

Yes
Yes
ome)
The percentage of actors connected to others 

ber 2S www.ajpm-online.net 
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own to network-density scores of 0.226 for shared-
nformation ties, 0.061 for working as part of a team 
ith no formal arrangement like a contract, and 0.038 

or working as part of a formal team with a contract or 
imilar formal arrangement. Thus, the vast majority of 
ies involved relatively low-intensity interactions based 
n shared information. 
Several measures of centrality are presented. The 

rst, degree centrality, is simply the number of connec
ions maintained by any individual in the network. 
able 4 reports the range of these scores, normalized. It 
an be seen that the most central individual in the 
nterdisciplinary network was more than 2.5 times as 
onnected to others as the most central individual in 
he transdisciplinary network (0.79 vs 0.30). It is likely 
hat this is because interdisciplinary ties are less inten
ive, allowing some individual researchers to develop a 
arge number of relatively weak ties. Betweenness cen
rality provides a somewhat different measure of the 
egree to which individuals within the network are 
onnected to other individuals. With betweenness, an 
ndividual is more central if he or she brokers the 
onnection between two individuals along the shortest 
ath (i.e., fewest links). Thus, unlike degree centrality, 

ndirect ties are considered. When reported at the 
etwork level, the statistic represents the prevalence of 
etweenness centrality across all possible connections 

n the network. A higher number means that there are 
ewer direct routes between people, and thus brokerage 
s more essential to bridge across network members. 
he results indicated that individuals in transdisci
linary relationships were 61% (1.1/1.8) more likely to
e on a brokered path linking any two other members 
f the network, indicative of the increased interdepen
ency on specific actors to facilitate communication in 
parser networks. The transdisciplinary ties were also 
ore centralized (0.18 versus 0.06), meaning that they 

ended to cluster around fewer individuals, as opposed 
o interdisciplinary relationships, in which central ac
ors were more dispersed across the full network. 
onsistent with these findings, the transdisciplinary 
etwork was also more fragmented and less inclusive. 
A comparison of the multidisciplinary and the trans-

isciplinary networks can best be demonstrated by
xamining plots, or graphs, of the two networks (Fig
res 1 and 2). What is visually evident from these plots 

s that connectedness is much more widespread across 
he network when using interdisciplinary rather than 
ransdisciplinary criteria, which is reflected statistically 
n the density scores of the two networks. Specifically, 
he transdisciplinary network density is only 0.071 ver
us 0.326 for the interdisciplinary network. Many more 
esearchers are involved in network interactions that 
nvolve no product as an outcome, with many fewer 
nvolved in product-based interactions. This, of course, 

s to be expected, given the complexity and intensity of 

ugust 2008 

H

eveloping and maintaining transdisciplinary, synergy-
ased interactions. 
What can also be seen from Figures 1 and 2 is that 

esearchers from all disciplines are involved in both 
ypes of networks. However, especially with the trans-
isciplinary network, it can be seen that many of the 

nteractions that result in a research product were not 
ctually occurring across disciplines. For instance, al
hough psychologists (solid blue square) are actively 
nvolved in the network (Figure 2), many of their 
nteractions were with one another, rather than across 
isciplinary boundaries. Chemists (black triangles) en
aged with one other in much the same way. Notably, 
here were few connections between chemists and 
sychologists, indicated by their relatively opposite po
itioning in the network map. Finally, the figures show 
hat there is only one isolate (in policy—the grey box 

arked with �) in the interdisciplinary network, while 
n the transdisciplinary outcome-based network, there 
re ten isolates from a broad range of disciplines. Thus, 
ewer researchers are involved at all in these more 
omplex, outcome-based relationships, which are diffi
ult to build and maintain. Getting more of these 
solates involved in transdisciplinary research would 
eem to be a highly desirable policy goal. Isolates are 
isplayed in the left column of the figures and reflect 

hose individual researchers who are not connected in 
ny way to others within the network. This phenome
on is identified in Table 4 as inclusiveness. 
To examine in greater depth the extent to which 

ynergistic outcomes are occurring due to interac
ions across disciplines (i.e., transdisciplinarity), 
ithin-discipline network ties were analyzed versus 
cross-discipline ties for both no outcome and syner
istic outcomes. The findings (Table 5) indicate that 
hat is known in the network literature as homophily, 
r the tendency to interact with people having simi

ar backgrounds, is much more prevalent in some 
isciplines than others, at least regarding research on 

obacco harm reduction. 
The scores in Table 5 reflect the actual mean num

er of ties of each type maintained by researchers 
ithin each discipline. For instance, for the discipline 

abeled medicine, the mean number of ties to other 
edicine researchers was 2.13 for relationships where 

here was no outcome versus 11.2 mean connections 
also no outcome) with Tobacco Harm–Reduction 
etwork researchers outside the discipline of medicine 

see also the red circles in the two figures). The actual 
umbers should be compared with the total number of 
espondents in that discipline. In the case of medicine, 
here were eight researchers, so the maximum number 
f ties to others in medicine could be seven (excludes 
ies to one’s self). This compares with the potential 
umber of transdisciplinary ties, which is quite large. 
pecifically, it is equal to the full size of the Tobacco 

arm–Reduction Network (n�67) minus the total 
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Figure 1. Plot of the Tobacco  Harm–Reduction Network by discipline—any  type of link,  no outcome (interdisciplinarity) 
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igure 2. Plot of the Tobacco Harm–Reduction Netw
transdisciplinarity) 

umber of respondents in a particular discipline (eight 
n medicine). 

Not surprisingly, given the large numbers of out-of
iscipline respondents, the findings indicate that there 
ere always more ties across disciplines (heterophily) 

han within disciplines (homophily), regardless of 
hether or not there was a synergistic outcome. How
ver, for both psychology and chemistry, the two largest 
roups, cross-disciplinary ties were only slightly greater 
han ties within the discipline. This suggests that these 
wo groups of researchers tend to favor work among 
hemselves more so than the other disciplinary groups 
tudied. In contrast, for medicine, policy, pharmacol
gy, and epidemiology, working across disciplines was 
uch more commonplace. 
Finally, Table 5 shows that although transdisciplinary 

ies with synergistic outcomes occurred far less fre
uently than did interdisciplinary ties with no out

omes, when synergistic outcomes did occur, they were c

ugust 2008 
by discipline—any type of link, synergistic outcomes 

ar more likely to result from cross-disciplinary, het
rophilous relationships than from homophilous ones. 
his was also true of no-outcome links, but to a much 

esser extent. Specifically, the mean relationships per 
ndividual for interdisciplinary, no-outcome ties in
reased from 2.90 to 7.85 when ties were heterophilous, 
n increase of 271%. In contrast, mean relationships 
or transdisciplinary synergistic outcome ties increased 
rom 0.34 to 1.82, a jump of 535%. Thus, for research
rs seeking synergistic outcomes, there appears to be a 
ubstantial benefit to working with others outside their 
iscipline rather than working solely within their 
iscipline. 

onclusion 

his is a first effort to examine, using network analytical 
echniques, how health researchers in tobacco control 
ork 
ollaborate, and ultimately, how such collaborative 
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able 5. Comparison of homophily versus heterophily: netw

Interdisciplinary: no outcomes

Average number of Avera
connections to conn
researchers in the resea
same discipline other

iscipline (Homophily) (Hete

edicine (n�8) 2.13 
sychology (n�25) 5.00 
hemistry (n�12) 2.17 
olicy (n�4) 0.25 
ther behavioral (n�8) 1.88 
pidemiology (n�4) 1.25 
ther bench (n�2) 0.50 
harmacology (n�4) 1.00 
ean/individual 2.90 

fforts produce transdisciplinary outcomes. The re
earch has important implications for understanding 
he nature and extent of collaboration that occurs 
ndependent of any policy interventions. Based on 
ndings from this initial mapping of the Tobacco 
arm–Reduction Network, network researchers can 

eadily see which types of cross-disciplinary collabora
ive efforts are most likely and which are most (and 
east) effective, from an outcome perspective. Health 
olicymakers and funders can also draw on this infor
ation to provide incentives to researchers to collabo

ate more effectively, thereby resulting in transdisci
linary outcomes that can help advance the study of 

obacco harm reduction. 
Network analysis has been utilized in the past to 

xamine relationships among health services organiza
ions,17,18 but not in previous work about health re
earchers.15 The current study has shown that network 
nalysis can be utilized to help understand, in a de
ailed way, both the extent and nature of collaborative 
elationships among individuals working within a par
icular health field, like tobacco control. Future re
earch should build on what has been done in this 
tudy, possibly examining in greater detail the out
omes of transdisciplinary collaborations. In addition, 
ongitudinal research efforts would demonstrate the 
hifting patterns of research from interdisciplinary ties 
o greater transdisciplinarity. Longitudinal research is 
specially appropriate for examining transdisciplinary 
elationships that are newly formed. Such relationships 
re likely to be cautious at first, then evolve toward 
reater involvement and more synergistic outcomes as 
rust builds and knowledge-sharing becomes more 
ntensive.18,19 

There are clear limitations to the work presented 
ere. For one thing, it is unclear whether or not the 
esults found are generalizable to other groups of 
ealth researchers. This study is exploratory and de
igned primarily to demonstrate the usefulness of net

ork analysis for understanding cross-disciplinary en

180 American Journal of Preventive Medicine, Volume 35, Num
es across disciplines 

Transdisciplinary: synergistic outcomes 

mber of Average number of Average number of 
s to connections to connections to 
s in researchers in the researchers in 
plines same discipline other disciplines 
ily) (Homophily) (Heterophily) 

0 0.00 2.19 
2 0.84 1.16 
1 0.50 1.46 
8 0.00 2.00 
0 0.63 1.69 
0 0.50 5.00 
0 0.00 0.50 
2 0.25 3.88 
5 0.34 1.82 

agements among researchers within a single health 
esearch field. Work on researchers in other fields is 
learly called for, building on the methods and findings 
sed in this study. Second, the issue of transdisciplinar

ty must be explored further, using more sophisticated 
ethods. This study has operationalized both the out

omes and cross-disciplinarity of transdisciplinary re
earch. However, it is clear that more detailed measures 
f outcomes could be assessed, and the issue of what 
ctually constitutes a discipline might be refined. In 
articular, while the logic of transdisciplinarity is well-
ccepted, there has been little actual evidence that such 
elationships result in more or better outcomes than 
ore traditional interdisciplinary work. 
Third, the findings reported here are based on 

elf-reports. A conservative approach of requiring 
onfirmation of a tie by both partners was utilized, 
hereby enhancing the reliability of the interaction 
ata. However, a more conservative approach would 
ave been to examine actual working relationships as 
ell, based on existing publication and grant data. 
inally, it would be quite helpful to focus on transdisci
linary research networks in a more narrow way. Specifi
ally, it would be useful to know if transdisciplinary 
elationships in various health fields occur across a full 
etwork of researchers or within more narrowly defined 
ubnetworks, or cliques, consisting of, perhaps, no more 
han four or five researchers. It seems unreasonable to 
hink that transdisciplinarity in any field should occur 
cross a full network of scores of researchers rather 
han within more tightly specified clusters. 

o financial disclosures were reported by the authors of this 
aper. 
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hallenges for Multilevel Health Disparities Research 
n a Transdisciplinary Environment 
ohn H. Holmes, PhD, Amy Lehman, MAS, Erinn Hade, MS, Amy K. Ferketich, PhD, Sarah Gehlert, PhD, 
arth H. Rauscher, PhD, Judith Abrams, PhD, Chloe E. Bird, PhD 

bstract:	 Numerous factors play a part in health disparities. Although health disparities are 
manifested at the level of the individual, other contexts should be considered when 
investigating the associations of disparities with clinical outcomes. These contexts include 
families, neighborhoods, social organizations, and healthcare facilities. This paper reports 
on health disparities research as a multilevel research domain from the perspective of a 
large national initiative. The Centers for Population Health and Health Disparities 
(CPHHD) program was established by the NIH to examine the highly dimensional, 
complex nature of disparities and their effects on health. Because of its inherently 
transdisciplinary nature, the CPHHD program provides a unique environment in which to 
perform multilevel health disparities research. During the course of the program, the 
CPHHD centers have experienced challenges specific to this type of research. The 
challenges were categorized along three axes: sources of subjects and data, data charac
teristics, and multilevel analysis and interpretation. The CPHHDs collectively offer a 
unique example of how these challenges are met; just as importantly, they reveal a broad 
range of issues that health disparities researchers should consider as they pursue 
transdisciplinary investigations in this domain, particularly in the context of a large team 
science initiative. 
(Am J Prev Med 2008;35(2S):S182–S192) © 2008 American Journal of Preventive Medicine 
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has been well-established that racial and ethnic t 
minorities and individuals with fewer economic re
sources suffer a disproportionate burden of illness 

nd death in the U.S. Such health disparities have been 
ocumented in many diseases and conditions, including 
ardiovascular disease,1,2 cancer,3 HIV/AIDS,4 and infant 
ortality.5 Additionally, racial and socioeconomic dispar

ties have been observed for health behaviors, such as 
ancer screening6,7 and smoking.8 –10 

Although gaps have narrowed over time for some 
ealth behaviors, many have not. Moreover, health 
ervices research indicates that even where disparities 
n processes of care (e.g., screening) have been ad-
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ressed, disparities in general, as well as gaps in inter
ediate outcomes (e.g., achieving control of blood 

ugar,11 blood pressure,12 and cholesterol13), persist. 
owever, a recent survey of Medicare recipients found 

hat self-reports failed to identify racial/ethnic dispari
ies in mammography screening that were apparent 
rom claims data.14 This, in combination with a recent 

eta-analysis of the inaccuracy of cancer screening 
elf-reports,15 suggests that significant disparities in 
ancer-screening prevalence in the U.S. are being 
asked by differential over-reporting. Despite these 

iases, the problem of health disparities is so great that 
he USDHHS has made the elimination of disparities in 
ealth and health care one of the two major objectives 
f Healthy People 2010.16 

rends in Health Disparities 

n some instances, disparities in health by race/ethnicity 
nd SES have been increasing over the past decade.17 

ilva et al.18 reported findings on changes in both black– 
hite and low–high income disparities over time for 22 

elect causes of death, communicable diseases, and 
irth outcomes in Chicago between 1979–1981 and 
996–1998. The authors reported that for 19 of the 22 
auses, the black–white rate ratio significantly increased 
ver time, suggesting that racial disparities have in

reased over the 18-year period. Similarly, for 14 of the 

0749-3797/08/$–see front matter 
ed by Elsevier Inc. doi:10.1016/j.amepre.2008.05.019 
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6 measures included in the low–high income dispari
ies analysis, the rate ratio increased between 1979 – 
981 and 1996–1998. 
Starting around 1980, different trends in coronary 

eart disease (CHD) mortality have been observed for 
lack and white men and women.19–21 Since 1980, the 
ate of CHD mortality has declined more rapidly 
mong white men compared to black men in the U.S. 
hile a similar pattern has emerged among women, 
ore striking is the observation that the trend lines 

rossed in the mid-1980s, and now black women have 
igher death rates than white women. These and other 
tudies of health disparity make it clear that progress 
oward reducing health disparities in the U.S. is, at best, 

uch slower than hoped, and in many cases disparities 
ave increased rather than decreased. 
Traditional etiologic approaches to studying dispari

ies have often been limited in scope with respect to 
ata-collection and analysis strategies, leaving research
rs to draw conclusions that are consistent with their 
ata but sometimes require large inferential leaps. For 
xample, many studies have found that census-tract SES 
xplains much of the black–white disparity in breast 
ancer stage at diagnosis.22 While these studies suggest 
hat disparities are largely driven by social factors, they 
ay little about the exact proximal or distal causes of the 
isparity. Conclusions about the causes of disparity that 
re drawn from such studies are potentially and justifi
bly open to criticism.23 For example, individual-level 
ealth behaviors may or may not be influenced by 
nvironmental factors that may be bundled with SES; in 
 real sense, SES proxies these other factors without 
roviding any real information about them. In their 
ork on transdisciplinary approaches to the etiology of 
ancer, Hiatt and Breen24 note the importance of 
nvironmental and socioeconomic factors as part of the 
eb of causation, specifically at the level of social 
eterminants; these factors include characteristics of 
he built environment. Whereas their model was devel
ped from a focus on cancer, it is applicable to many 
ther health outcomes such as heart disease, hyperten
ion, and diabetes, all of which may be mediated by 
roadly defined social determinants. Focusing on such 
haracteristics as census tract-specific SES as a sole 
redictor of such outcomes ignores the influence of 
ore specific and potentially more informative vari

bles such as the neighborhood availability of sidewalks, 
rocery stores, and recreational facilities. 

 Multilevel Approach to Studying 
ealth Disparities 

 growing body of research demonstrates that health 
isparities constitute a highly complex problem do
ain that both exists and operates on many different 

evels.25–32 In other words, many disparities that affect 

n individual’s opportunity to pursue a healthy life c

ugust 2008 
ccur above and beyond individual-level characteristics, 
esources, and behaviors. One example is residential 
nvironment: An individual living in a high-risk or 
esource-poor environment may acquire over time a 
iological disadvantage relative to someone with similar 
ersonal characteristics living in a more salutary envi
onment.33 This example suggests only one of many 
ays in which health disparities may be attributable to a 
ide range of contextual factors operating beyond the 

ndividual level. 

dvantages of Multilevel Research in Studying 
ealth Disparities 

here are several reasons for applying the concepts and 
ools of multilevel research to health disparities. First, 
nly multilevel research can examine the effects of one 
actor at one level (e.g., personal behaviors) while 
ontrolling for potential confounding at another level 
e.g., neighborhood differences), or examine the inter
ctions among factors situated at different levels. An 
xample of such an interaction is seen in the effect of 
ocial isolation on the expression of genes in breast 
ancer.34 This potentially complex interaction had pre
iously been identified as a limitation of disparities 
esearch, requiring that the researcher assume that an 
ffect is not confounded by a factor at another level of 
nalysis. Only multilevel research can examine how 
ndividual behaviors that influence risk for disease are 
hemselves influenced by larger societal factors such as 
ccess to quality health care, social networks, and 
eighborhood resources. Larger societal factors, such 
s poverty, can also influence the risk of disease 
hrough mechanisms other than health behaviors. So
ial isolation is higher in neighborhoods with outdated 
nfrastructure, characterized by such features as poorly 

aintained and inadequate utility systems, the lack of 
vailability of services and commerce, and the inade
uate ability of public safety agencies to respond to 
mergencies.35 Understanding the interplay among 
tiologic factors situated at different levels of analysis 
ill enable interventions to be targeted with greater 
recision, thus better ensuring their success. 
Multilevel studies are not easy to undertake; they 

equire a comprehensive conceptual model of etiologic 
actors that are distributed across multiple levels, data 
ollection from multiple sources, and appropriate sta
istical models to account for the relationships among 
arious levels of analysis. With this in mind, NIH 
ecently funded eight Centers for Population Health 
nd Health Disparities (CPHHDs) whose mission is to 
oster and conduct transdisciplinary health disparities 
esearch across multiple levels, pathways, or contexts. 
his paper highlights some of the key lessons learned 

hrough the authors’ transdisciplinary collaborations 
ithin and among centers. First described is the con

eptual model that forms the basis for the CPHHD 
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prese
nitiative; then specific exam
les from the various CPHHD 
enters are provided to high
ight the special issues and chal
enges encountered in multi
evel statistical analyses. Finally, 
he authors’ experience in the 
PHHD is summarized, and 

uggestions for future directions 
n evaluating transdisciplinary 
esearch are presented. 

he Centers for Population 
ealth and Health 
isparities 

n September 2003, the NIH 
stablished the eight CPHHDs 
o conduct cutting-edge re
earch to understand and re
uce differences in health 
utcomes, access, and care: 
he ways the social and physi
al environment, behavioral 
actors, and biologic pathways 
nteract to determine health 
nd disease in populations. The centers include the 
niversity of Illinois at Chicago, the University of 
hicago, Tufts and Northeastern universities, the 
AND Corporation, the University of Texas Medical 
ranch, The Ohio State University, Wayne State Uni
ersity, and the University of Pennsylvania. Projects at 
he centers focus variously on obesity, cardiovascular 
isease, breast cancer, prostate cancer, cervical cancer, 
ental health, gene–environment interactions, psycho

ocial stress, and other factors affecting low-income 
hites, African Americans, Hispanics, and the elderly. 

he CPHHDs As a Laboratory for 
ransdisciplinary Research 

efore examining the transdisciplinarity of the CPHHDs, 
t is important to consider the distinctions among multi
isciplinary, interdisciplinary, and transdisciplinary re
earch. In multidisciplinary research, scientists from dif
erent fields work independently but bring their expertise 
o solve a problem that is addressed through a mosaic 
f activity; each scientist represents and acts only within 
is or her own domain. Interdisciplinary research re
uires more integration of multiple scientific perspec
ives, but researchers retain their discipline-specific 
rounding. Transdisciplinary research differs from 
hese in that scientists not only collaborate and inte
rate their respective discipline-specific expertise, but 
o so within the context of a new, common conceptual 

ramework that transcends the frameworks used within 

Figure 1. Disciplines re
heir respective disciplines.36,37 m
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The CPHHDs are intrinsically multidisciplinary in 
hat many disciplines are represented within and 
cross them, as illustrated in Figure 1. Specifically, 
he eight CPHHDs together represent 42 disciplines, 
hich can be grouped into biological and clinical 

ciences; media and communications; public health, 
olicy, and planning; social and behavioral sciences; 
nd biomechanics/statistics.38 

While Figure 1 reveals that many different disciplines 
re represented in the CPHHD program, it does not 
how how these disciplines are spread across the cen
ers, nor does it suggest the interdisciplinary nature of 
he CPHHD. In fact, the individual centers and the 
PHHD initiative as a whole are highly interdiscipli
ary, in that many different disciplines are represented 
n each component project at each center. Further
ore, these projects typically require considerable col

aboration and a degree of integration. Table 1 shows 
he various disciplines involved in the CPHHD initiative 
rouped by center, and represents the opportunities 
or horizontal and vertical integration that are critical 
o transdisciplinary research.39,40 

The CPHHD initiative fosters both vertical-integration 
imensions in supporting collaborative, integrative 
ealth disparities research at the centers as well as 
orizontal collaboration and integration across the 
enters. This suggests that the CPHHD initiative is not 
nly interdisciplinary but transdisciplinary as well, but 
ransdisciplinarity can be an elusive characteristic to 

nted across the CPHHDs, ranked by prevalence 
37,39easure.
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able 1. The disciplines of the CPHHDs 

UIC Ch

iological sciences
 
Biopsychology X X 
Genetics X X 
Nutrition 
Oncology X X 

linical sciences
 
Clinical/community/health psychology 
Geriatrics 
Nursing X 
Pathology X X 
Other medical specialties, general practice X X 
edia and communications
 
Communication research 
Journalism/media relations 
Marketing research/management 

ublic health, policy, and planning
 
Environmental health 
Epidemiology X X 
Health services research X 
Law, public policy, and administration X 
Public health education/behavior 
Urban planning X
 

ocial and behavioral sciences
 
Demography X 
Economics 
Education 
Psychologya X X 
Sociology/anthropology X 
Social work X X
 

iomechanics/statistics
 
Biostatistics X X 
Computer sciences 
Engineering 
Informatics X 

Includes cognitive, developmental, educational, and social psycholo
PHHDs, Centers for Population Health and Health Disparities; C
niversity of Pennsylvania; RAND, the RAND Corporation; Tufts, T
TMB, University of Texas Medical Branch; WSU, Wayne State Univ

To capture evidence of collaboration and the emer
ence of transdisciplinary research, the CPHHD evalu
tion working group conducts an annual survey of the 
nvestigators at each center. The conceptual model 
hown in Figure 2 was used both to develop the survey 
nstrument and as a guide for evaluating the CPHHD 
rogram as a whole. In this model, a temporal series of 

ransdisciplinary processes are grouped as immediate 
arkers, intermediate markers, short-term outcomes, 

nd long-term outcomes. (The CPHHD model is simi
ar to the antecedent–process–outcome model pro
osed by Stokols et al.37) The responses to the survey 
ere coded, using the specific markers and outcomes 
epresented in the boxes. For example, transdisciplinary 
ntegration would be evidenced by the integration of 

ethods, models, and findings from at least two disci
lines. To this end, the surveys focused on five domains 
f transdiciplinary science. Evidence of (1) collabora
ion was seen in the participation of schools, healthcare 
nstitutions, and community organizations; of (2) ca

acity building in new seminars and conference series, i

ugust 2008 
 OSU Penn UTMB WSU Tufts RAND 

X X
 
X X X X
 

X X
 
X X X
 

X X X X
 
X 

X X X
 
X
 

X X
 
X X X X X X
 

X X
 
X
 

X X X
 

X X X X X
 
X X X X
 
X X X X X
 
X X X
 
X X X X X
 

X X X X
 
X X X
 

X
 
X X X
 

X X X X X
 

X X X X X X
 
X
 
X X
 
X
 

o, University of Chicago; OSU, The Ohio State University; Penn,

d Northeastern universities; UIC, University of Illinois at Chicago;



 

ew, transdisciplinary science of health disparities re-

nd increased institutional commitment to infrastruc
ure and other support; of (3) integration in the 
evelopment of new, multipurpose databases; common 
onceptual language pertaining to health disparities; 
nd new analytic methods; of (4) knowledge in the 
mergence of new lines of inquiry; multicenter and 
ransdisciplinary manuscripts (such as this one); and 
ew grant applications; and of (5) innovation in the 
evelopment of new instruments and analytic methods. 
n addition to the annual survey, progress toward 
ransdisciplinarity was assessed using social-network 
nalysis.41 Investigators and researchers at each center 
articipated in a self-administered survey aimed at 

dentifying collaborators and their disciplines. The 
ocial-network data are currently being analyzed. 

There is substantial evidence of the emergence of a 

earch across the CPHHD program. The CPHHDs face 
 number of challenges to achieving transdisciplinary 
unctioning, such as developing a shared lexicon, pool
icago

gy
 
hicag
ng the best of disciplinary theories, deciding upon a 
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Investigator 
development 

Community 
stakeholder 

participation/ 
integration 

Collaboration 

Transdisciplinary 
activity/capacity 

building 

Dis

P

I

Community Stakeholder

Methods 

Models Findings 

Transdisciplinary 
Integration 

INPUTS ACTIVITIES O

Immediate markers Intermediate markers 

What we invest What we do, who we reach

Transdiscipli

igure 2. The logic model for the CPHHDs 

hared research design or designs, and determining the 
est methods for analyzing data. Nevertheless, multi

evel analysis distinguishes itself among these signifi
ant challenges, and in a mid-course survey conducted 
n 2006, CPHHD investigators listed multilevel analysis 
s the single greatest challenge facing their centers. 
ne reason for this is that multilevel research demands 

 level of interaction that is much greater than is 
haracteristic of monodisciplinary or traditional multi
isciplinary collaboration. In the multilevel research 
iscussed in this paper, clinicians, social scientists, 

nformaticians, statisticians, and health communication 
xperts have worked together in highly evolved teams 
hat address facets of health disparities issues that are 
ut of their normal disciplinary sphere. Accordingly, 
he authors found that multilevel research provides an 
xtraordinary domain for transdisciplinary research, in 
hat investigators form and participate in highly collab
rative, integrative relationships that transcend their 
wn disciplines. In addition, through its focus on 

inking science, training, and application to public 
ealth practice and policy, the CPHHD initiative pro
ides a unique environment for multilevel health dis
arities research—one that connects the scientific dis

overy and training phases of team science with the s

186 American Journal of Preventive Medicine, Volume 35, Num
 

 

 

 

Translation of 
knowledge 

Increased 
awareness 

ation 

tion 

tions 

Policy 

Training 

Scientific 
innovation 

Health outcomes 

Community 
empowerment 

vestigator Incubator 

Practice 

TS OUTCOMES OUTCOMES 

Short-term outcomes Long-term outcomes 

Learning and action Ultimate transformations 

processes 

ranslational, health-improvement goals of transdisci
linary action research.40 

hallenges and Solutions of Multilevel Analysis 
nd the CPHHDs 

he following section outlines shared challenges to 
erforming multilevel analyses across the CPHHD pro
ram and the solutions that have been developed to 
ddress them. Most of these challenges parallel the 
ssues raised in the introduction to this supplement, 
ncluding the need for conceptual frameworks, meth
dologic and analytic issues, and translational initia
ives. The focus here is on the first two sets of issues, 
rouping specific challenges along three conceptual 
xes: sources of subjects and data, data characteristics, 
nd multilevel analysis and interpretation. 

ources of Subjects and Data 

hallenge: the number of sites (clusters) for study. An 
nusually large or small number of sites (clusters) from 
hich participants are recruited may affect a statistical 
nalysis. For example, the original Ohio State Univer
 

semin

ublica

nterven

 – In

UTPU

 

nary 
ity CPHHD analysis plan was to use a survey approach 
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o account for interclass correlation among subjects at 
he same clinic. However, computational issues result
ng from the small number of clinics (N�14) prevented 
nvestigators from developing models with adequate 
umbers of covariates. The current analysis strategy is 

o fit mixed models (i.e., hierarchical linear models) 
hat incorporate the site as a random effect rather than 
urvey-based models. 

hallenge: a limited number of observations per cluster. 
he University of Illinois at Chicago is examining the 
ypothesis that the racial and ethnic disparities in stage 
t diagnosis and treatment for breast cancer can be 
xplained in part by differences in healthcare facilities. 
andom-intercept models will be used to account for 

he clustering of patients within facilities. The roughly 
00 patients in the study are distributed across more 
han 60 facilities in Chicago that detect, diagnose, and 
reat breast cancer, and many facilities have only one 
atient associated with them. For example, there are 
ore than 40 breast-surgery facilities with only one 

ffiliated patient in the study. Because clusters with a 
ingle observation contribute only to the estimation of 
etween-level parameters and not to within-level pa
ameters, the variation associated with smaller facilities 
i.e., cluster size�1) would be missed. One solution to 
his problem would be to group facilities when cluster 
ize�1 into a smaller number of clusters with common 
ttributes (e.g., facility type, location) so that most or all 
lusters would have a sample size �1. 

hallenge: incorporating census information. Analyses 
cross CPHHDs will almost certainly incorporate cen
us information at some point. Decisions, therefore, 
ust be made about how to define variables appropri

tely, to deal effectively with sparse populations in 
ensus regions, and to geocode participants’ addresses. 
he Ohio State University CPHHD recruits patients 

rom clinics in 14 counties in Appalachian Ohio. In 
rder to geocode the location of each participant, 

nterviewers were given a hand-held device which mea
ured the latitude and longitude at the site of the 
nterview. The data were then used to determine the 
ensus tract for each participant. Because of the rural 
ocations as well as issues with the devices, it has been 
ifficult to assign the proper census tract for some of 
he observations based on the device data. The investi
ators have been able to determine the census tracts for 
ome of the participants by entering the street address 
n the Census Bureau’s website. They are currently 
orking to resolve the few cases where the calculated 

ract and the tract from the Census Bureau’s website do 
ot agree. 
A challenge faced by the University of Illinois at 

hicago CPHHD is how to obtain the best imputation 
f patient SES using census data derived at the level of 
he census tract. Census-data associations with disease 

epresent a mixture of area-level and individual-level g

ugust 2008 
ffects. In order to impute patient-level SES as accu
ately as possible, this CPHHD stratified census-tract 
nformation into nine separate cross-classifications of 
ge and race. They then assigned census tract–, age-, 
nd race-specific estimates for the percentage below 
he federal poverty level to each individual accordingly, 
nd used these estimates as imputations of individual-
evel poverty status. An alternative and more traditional 
pproach is to assign the mean poverty level in a census 
ract to all patients residing in that tract without regard 
o other patient attributes. The investigators here 
ound that the former approach resulted in more 
arsimonious models than the latter. When poverty 
tatus was assigned solely based on patient census tract, 
odels of poverty and race in predicting stage at 

reast-cancer diagnosis contained nonlinear effects, 
nd race and poverty interacted. On the other hand, 
hen poverty status was assigned based on patient 
ensus tract, age, and race, all effects were linear, and 
he final model did not contain any interactions among 
ge, race, and census tract. Because of the availability of 
ommon demographic variables such as age and race, 
his approach could be generalized to other settings 
here researchers need to develop a poverty-status 

ndicator. 
Another problem was encountered when imputing 

overty status from census data. Estimates of poverty 
ithin census age–race groups are often based on sparse 
ata, and therefore are less precise and more likely to be 
iased. One possible solution to this problem is to use an 
mpirical Bayes approach to model estimates in a manner 
hat would shrink unstable estimates toward the overall 
ensus tract mean, with the extent of shrinkage depend
ng on how sparse the stratum-specific data are relative to 
he data for that census tract. University of Illinois at 
hicago investigators found that using empirical Bayes to 
stimate poverty within census age–race groups pro
ided no advantage over using more traditional (and 
impler) estimation methods, and the results were 
imilar in both cases. This finding made sense, given 
hat sparsely populated census age–race strata would 
end to contribute little to the overall association 
etween poverty and stage at diagnosis. 
The RAND project examining data from the third 

ational health and nutrition examination survey 
NHANES III) focuses on the socioeconomic environ
ent, the socio-structural environment, and the quality 

f neighborhoods. Many contextual variables were de
ived from the U.S. Census 1990 and 2000 data (inter
olating for intercensal years and extrapolating from 
000 forward); neighborhood characteristics were mea
ured at the census-tract level. To link the geographic-
nd individual-level data, study participants’ residential 
ddresses required geocoding, which in turn necessi
ated a decision about the level of geocoding to be 
erformed (e.g., ZIP code, census tract, or block 

roup). Other considerations included determining 

Am J Prev Med 2008;35(2S) S187 



w
a
i
c
w
o
f
i
m
h
H
u
a
c
l
o

C
s
e
c
l
I
c
t

a
n
g
m
t
e
d
i
t
o
(
o
(

a
p
t
e
s
o
h
w
i
e
c

l
p
u
w
c

“
t
p
s
t
e
i
a
e

C
d
t
i
p
a
p
c
i
C
t
c
a
L
h
p
p
C
A
c
s
h
c

d
p
l
o
i
n
i
m
u

C
t
s
i
e
s
t
t
A
b
a
i
p

S

hich geocoded measures of physical and social char
cteristics of neighborhoods were most relevant to 
ndividual health, and whether the potential effects of 
ontinuously measured neighborhood characteristics 
ere likely to manifest themselves across a continuum 
r emerge at some threshold level. The RAND project 
ocused on the effects of environments at the most 
mmediate level of living—the neighborhood. Environ

ent at the census tract was first considered, to ensure 
omogenous populations and smaller spatial areas. 
owever, the characteristics of larger administrative 
nits (e.g., county or metropolitan statistical area) were 
lso considered, to investigate whether larger economic 
onsiderations (e.g., job availability, unemployment, 
evels of inequality within regions) may play a role in 
utcomes. 

hallenge: using existing data from other research 
tudies. Health disparities research often incorporates 
xisting data from studies that were not designed to 
ollect multilevel data. These data present special chal
enges for researchers wishing to use multilevel analysis. 
n particular, CPHHD researchers have encountered 
hallenges using existing-survey data as well as clinical-
rials data. 

Working with existing survey data typically does not 
llow researchers to consider examining self-defined 
eighborhood levels. This limitation is both advanta
eous and disadvantageous; for example, individuals 
ay infrequent contact with areas of their census tract 

hat drive many of the average characteristics of the 
ntire census tract. However, the existence of objective 
ata avoids the problems of reverse causality whereby 

ndividuals with poorer health may report more nega
ively on their residential environment, either because 
f differences in their perceptions of the environment 
e.g., reporting more or less disorder or disadvantage) 
r because of their experience of the environment 
e.g., greater difficulty with poor air quality). 

As with many large sample surveys, NHANES III data 
re not limited to questionnaire items, but include 
hysical exam and biomarker information as well. With 
he addition of census data, multilevel models could 
xplore potential interactions that may arise from 
ocial-determinants-of-health outcome etiology; among 
thers, these include whether the impact of neighbor
ood SES and built-environment characteristics varies 
ith individual SES, how it varies, and whether such 

nteractions help to explain health disparities.24 For 
xample, do the effects of neighborhood SES on spe
ific health behaviors vary by gender or race/ethnicity? 

Other types of studies offer the potential for multi
evel research, but pose challenges as well. For exam
le, the RAND CPHHD is developing multilevel models 
sing observational and clinical-trial data from the 
omen’s health initiative. These data pose a particular 

hallenge in that there is clustering at the level of w

188 American Journal of Preventive Medicine, Volume 35, Num
medical center.” In addition, some metropolitan sta
istical areas may have several medical centers, while 
articipants may be enrolled in a center that serves 
everal metropolitan statistical areas. Investigators at 
he University of Pennsylvania are using data from an 
xisting case–control study to investigate the possible 
nteractions of neighborhood characteristics with genes 
nd screening behaviors in explaining racial differ
nces in prostate cancer outcomes. 

hallenge: accessing detailed neighborhood-characteristics 
ata. Census data do not provide researchers with de
ailed neighborhood characteristics that could be useful 
n multilevel health disparities analysis. For example, 
roperty-specific or parcel-specific data are not avail
ble through the census. Researchers seeking to use 
roperty size, value, or length of ownership as possible 
ovariates or predictors in multilevel models need to 
dentify other sources of these characteristics. Two 
PHHDs have identified local neighborhood charac

eristics data, but these sources are not without their 
hallenges. The University of Pennsylvania CPHHD has 
 resource on campus, the Cartographic Modeling 
aboratory, that provides access to detailed neighbor
ood data. However, the data are restricted to Philadel
hia, and the use of some data requires special ap
roval from city agencies. Similarly, the University of 
hicago CPHHD has access to data from the Chicago 
rea Study,42 but it is unique to the city of Chicago, was 
ollected more than a decade ago, and may not repre
ent the current characteristics of neighborhoods that 
ave undergone gentrification or other demographic 
hanges since then. 

The Ohio State University CPHHD had a slightly 
ifferent experience with this challenge. Early in the 
lanning stages of the projects, researchers needed a 

ist of all providers (in clinics, health departments, and 
ther healthcare facilities) that performed Pap screen

ng in their 14 Appalachian counties. Because there was 
o resource that could easily provide this inventory, the 

nvestigators had to work with local agencies, key infor
ants, and local field staff to develop a list of providers, 

sing a snowball-sampling approach. 

hallenge: issues in recruiting from special populations 
hat affect multilevel analysis. The Ohio State Univer
ity CPHHD recruits patients from clinics in 14 counties 
n Appalachian Ohio. Researchers there have experi
nced challenges in patient sampling (e.g., it is incon
istent across clinics; patient lists are difficult and 
ime-consuming to obtain); in rates of response among 
hese populations (e.g., how to extrapolate to all of 
ppalachian Ohio); and in interview and follow-up 
urden due to travel difficulties, contact challenges, 
nd lack of incentives. The potential effects of these 
ssues on outcomes will be explored during the analysis 
hase, and their impact on the interpretation of results 

ill be carefully considered. 
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The CPHHD at Tufts/Northeastern universities re
ruits Puerto Rican adults from the Boston area. Al
hough a growing population, they constitute less than 
0% of households in the city. Further, the presence of 
uerto Ricans is identified by the census only at the 
ract level. At the block level, there may be many 
ispanic individuals, but none who are Puerto Rican. 

ampling proceeded by identifying tracts that contain 
t least ten Puerto Ricans, and then moving to the block 
evel, with door-to door enumeration of blocks that, 
ccording to the census, contain at least four Hispanics. 
o use lower cutoff points would be prohibitive in cost, 
ut as the study is designed, many blocks are enumer
ted with no Puerto Ricans identified. 

This has several consequences, because Puerto Ricans 
t lower SES levels are most likely to live in more-
oncentrated communities. First, the sample will not 
nclude Puerto Ricans with higher-level SES who live in 

ore-integrated environments; second, SES distribu
ion is therefore truncated, resulting in lower variability 
cross sampled neighborhoods. This results in limita
ions in generalizability to those Puerto Ricans living in 
eighborhoods with other Hispanics, and limits power 

or multilevel analyses. 
To improve this, these researchers have included 

articipants who are recruited from community gath
rings, such as Puerto Rican festivals. This method does 
dentify individuals who live in less Hispanic-dense 
eighborhoods (although they remain underrepre
ented), but it may complicate analyses. One such 
omplication is the lack of homogeneity within the 
tudy sample. Community gatherings may draw people 
rom outside the neighborhood under study. In addi
ion, the people who attend such gatherings may be 
onrepresentative of the neighborhood as a whole, 
ven if they live in that neighborhood. 

haracteristics of Data for Multilevel Research 

hallenge: dealing with significantly inter-correlated 
ariables. Every CPHHD considers both SES and race/ 
thnicity, which are highly correlated, in analyses. A 
umber of solutions have been devised to address this 
onundrum. Researchers at the University of Illinois at 
hicago CPHHD undertook a secondary data analysis, 

inking data on breast cancer stage at diagnosis from 
he Illinois State Cancer Registry for the years 1994 – 
000 with census data for Chicago. Their initial plan 
as to limit the geographic region to Chicago. They 

nitially encountered a high correlation between 
ensus-tract SES and census-tract composition by race/ 
thnicity within the city limits. This made it virtually 
mpossible to tease apart the separate effects of SES and 
ace/ethnicity on stage at diagnosis. As a solution to the 
roblem, the group expanded the geographic region of 
nterest to include all of Cook County, in which there p

ugust 2008 
re suburbs with substantial numbers of relatively afflu
nt minority populations. 
The RAND CPHHD addressed the issue by examin

ng the distribution of each race/ethnicity on its mea
ure of neighborhood SES to determine the degree of 
verlap. They determined that there was insufficient 
verlap to ensure that neighborhood SES effects occur 
or all groups by race/ethnicity, and they are conduct
ng stratified analyses by race/ethnicity in order to test 
or effects based on the actual range of the data within 
ach subgroup. Similarly, RAND CPHHD investigators 
ave found that, although men and women are not 
ifferentially distributed across census tracts (because 
eighborhoods are not gender-segregated), there are 
yriad gender differences in contextual effects that 
ecessitate the use of either multiple interaction terms 
r, in some cases, gender-stratified models in order to 
apture the differential effects of specific aspects of 
eighborhood contexts on men compared to women. 

hallenge: justifying community- and neighborhood-
evel data from two sites that were conceptualized and 
athered in different ways. The University of Chicago 
PHHD originally planned to work only on the South 
ide of Chicago. Thus, all neighborhood and commu
ity data were from the same sources (e.g., the city of 
hicago). Then the group began to work in Gary, 

ndiana, in order to increase sample size. That posed a 
roblem, because the data had been gathered by 
nother source and were not completely comparable to 
he Chicago data. The approach to this challenge was 
o explore how each respective source defined each 
ariable that was measured (e.g., violent crime or safety 
f housing) and to find the lowest common denomina
or among measures across sources. 

hallenge: making the most of administrative data to 
xamine contextual effects. In some cases, tract-level data 
ail to capture important aspects of residential exposure—for 
xample, because otherwise-similar tracts are surrounded 
y differing concentrations of poverty or by built envi
onments of varying quality. A solution developed by 
AND and University of Chicago investigators was to 
xamine a combination of census-tract characteristics 
nd the characteristics of a buffer area around each 
ract. In additional work, the RAND CPHHD has begun 
o use GIS-based measures to capture distance and 
xposure—for example, to alcohol outlets.43 Because 
usinesses are often in separate areas that are not 
oned for housing and thus are not classified as census 
racts, measuring exposure to alcohol outlets only in 
racts (or in grocery stores or fast-food outlets) results 
n a systematic undercount of residents’ exposure to 
hese businesses. In other projects, RAND investigators 
ave employed similar models to capture distance from 

arks and other green space.44 
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nalyzing Multilevel Data and Interpreting 
he Results 

ransdisciplinary research requires collaborative and 
ntegrative thinking. Multilevel analysis provides a nat
ral environment for this in that it requires substantial 

nput from experts in a variety of content and method
logic domains. Effective collaboration in multilevel 
esearch is facilitated to the extent that team members 
hare an interdisciplinary or transdisciplinary research 
rientation from the outset of the project. Yet the 
rogression from multidisciplinary to transdisciplinary 
ollaboration in the context of multilevel, multisite 
eam initiatives is a gradual process that poses various 
onceptual and methodologic challenges along the 
ay. It is clear, for example, that engaging in multilevel 
nalysis has challenged CPHHD investigators, espe
ially in their efforts to apply theoretical concepts to 
ractical settings. 

hallenge: providing proper explanatory schemes for 
bserved multilevel effects. Many researchers agree 
hat the most important challenge for multilevel anal
sis is not merely to apply advanced statistical models 
ut also to provide proper theoretical frameworks for 
raming studies. This is especially challenging because 
t is very easy to draw conclusions based on an ecologic 
allacy when trying to explain neighborhood effects at a 
igh level when the actual effect-modifiers are low-level 

actors associated with “neighborhood.” Ecologic fal
acy arises when inferences about low-level factors, such 
s SES, are made from high-level factors, such as ZIP 
ode or census tract. Sound theoretical frameworks can 
rovide the scaffolding that guides the development of 
esearch questions, collection of data, and the analytic 
rocess. One approach is taken by researchers at the 
niversity of Pennsylvania, who have used the Systems 
odel of Clinical Preventive Care45 to frame a study on 

eterminants and interventions to improve discussions 
bout prostate screening. This study is one example of a 
ranslational initiative that seeks to implement a novel 
omputer-assisted, patient-oriented behavioral interven
ion that is informed by a highly transdisciplinary research 
nterprise. The systems model is an excellent choice for 
he project, given that it considers individual-, environ

ental-, and system-level factors that influence behaviors 
y patients and practitioners that affect health outcomes. 
lthough not specifically used by the CPHHD, the model 
eveloped by Hiatt and Breen24 shares the translational 
ature of the systems model by considering the contin
um of the disease process, from pre-disease to death, 
nd suggests families of interventions that address this 
ontinuum. 

hallenge: low statistical power for testing neighbor
ood effects. In some centers, participants are drawn 
rom a relatively small number of relatively homoge

eous census tracts. At Wayne State University, all of a

190 American Journal of Preventive Medicine, Volume 35, Num
he studies are intervention studies, and the studies are 
owered to detect differences among interventions, not 
he effects of neighborhoods. There are small differ
nces between the census tracts from which the partic
pants were drawn, and in each study there may be too 
ew tracts to detect neighborhood effects. This chal
enge is presented here as a cautionary tale: Health 
isparities researchers need to be aware of the effects of 
eighborhood characteristics on statistical power, and 

hese characteristics need to be considered in calculat
ng sample size. 

hallenge: heterogeneous variable representation. When
ver possible, the CPHHDs would like to avoid exclud
ng variables simply because they were measured or 
ollected at different levels or used different coding 
chemes. How variables are defined at one level (e.g., 
he neighborhood level) so that they may be used in 
nalyses with variables at other levels (e.g., the individ
al level) poses a challenge to those engaged in multi

evel analyses. The University of Chicago CPHHD is 
aced with determining which features of the neighbor
ood built-environment (i.e., neighborhood level) are 
ost salient to women’s individual levels of felt loneli
ess, depression, and perceived stress. More specifically, 

hey would like to understand the relationships between 
he neighborhood social environment—measured both 
t the individual level (with measures of women’s per
eived neighborhood safety, social cohesion, collective 
fficacy) and at the neighborhood level (with area major-
rime rates related to violence such as homicide and 
exual assault)—and psychosocial-stress response, mea
ured at the individual level (determined both subjectively 
nd objectively). The University of Chicago CPHHD’s 
olution to the challenge is to gather data in a number of 
ays to provide as much flexibility as possible in selecting 
nd constructing variables for analysis. 

hallenge: the need for new multilevel-analysis methods. 
he increasing interest in translational research, which 
ncompasses the continuum of bench to bedside to 
opulations, highlights the importance of extending 
urrent multilevel research methods in new directions. 
he University of Chicago CPHHD, for example, is 
eveloping new methods to correlate patterns and 

eatures of dynamic cortisol metabolism with cumula
ive genetic-expression alterations in breast cancer tis
ue pathology (e.g., intranuclear glucocorticoid recep
or activation immunohistology). Those researchers are 
orking with faculty associates on the University of 
hicago campus to expand the methods of hierarchical 

inear models to allow for the inclusion of variables 
rom molecular to community levels on each research 
ubject. This endeavor brings together pathologists, 
eneticists, social and behavioral scientists, statisticians, 
nd immunologists to develop a new multilevel analytic 

pproach. 
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ummary 

his paper has described several challenges faced by 
esearchers at the CPHHDs as they pursue rigorous 
rograms of health disparities research in a variety of 
omains. Each of these challenges represents an oppor

unity for transdisciplinary science to evolve. For exam
le, the substantive data issues that pervade multilevel 
isparities research could not be addressed without the 
ollaboration of social scientists, data-systems experts, 
linicians, and others. But this collaboration is not a 
imple multidisciplinary one in which each specialist 
ractices his or her craft. Rather, these collaborations 
equire the transcendence of each researcher’s do
ain. Thus, while the challenges presented here may 

ot be unique to multilevel health disparities research, 
he environment within which they emerged, and in 

any cases met, is unique. Defining and working 
hrough these challenges suggests three strengths of 
his work and this paper. 

First, the CPHHDs collectively offer examples of how 
hese challenges are met within the initiative, but, just 
s importantly, they offer an extensive compendium of 
ssues that other health disparities researchers should 
onsider, particularly in transdisciplinary environments 
uch as the CPHHD initiative. The work put into 
igorous multilevel approaches to health disparities 
esearch, exemplified by the efforts reported here, is 
ontributing to a better understanding of health dis
arities: where they come from, whom they affect and 
hy, and how they might be reduced. Even so, the 
iversity of the challenges and solutions described here 
uggests a degree of uniqueness that depends heavily 
n the research domain under investigation. While the 
tory of multilevel analysis in health disparities re
earch, told through the experience of the CPHHD 
enters, is compelling, it is not the last chapter. Inves
igators are urged to be watchful for challenges unique 
o their research and to consider other solutions that 
re not described here. It is hoped that this paper 
timulates the recognition that such vigilance is a 
ecessary component of health disparities research and 
f multilevel research approaches in general. 
Second, the CPHHDs now have extensive, hands-on 

xperience with multilevel research. There are numer
us reports on multilevel research theory and analytic 
ethods, but relatively few that provide insight into the 

ractical, day-to-day problems of conducting this kind 
f work. This paper provides such a report that, again, 

s intended to be of value to the broader research 
ommunity, not just to those currently working in 
ealth disparities. 
Finally, the CPHHD program facilitates cross-center 

ollaboration in health disparities research, and the 
enters have in turn taken up the mantle of collabora
ion. Researchers at the CPHHDs have worked on 

nding and sharing solutions to the practical and e

ugust 2008 
heoretical challenges in multilevel research, not only 
s it applies to health disparities, but to other research 
omains as well. 
The CPHHD experience suggests the need for new 

irections in evaluating transdisciplinary science. At the 
east, a transdisciplinary research evaluation “toolkit” 
nitiated through this endeavor would provide a useful 
nd constructive model for investigators and funding 
gencies. When fully developed, such a toolkit would 
ontain quantitative tools, such as validated scales that 
ould be used in creating evaluation instruments, as 
ell as qualitative tools, such as semi-structured ques

ionnaires that could be used to elicit attitudes and 
pinions. The toolkit could be framed within a meth
dology for evaluating transdisciplinary science so that 
ny evaluations would be as accurate and robust as 
ossible. This methodology would borrow from the best 
raditions of research evaluation, but would need to 
xtend the boundaries to include new methods and to 
pply existing methods in new ways. 

Transdisciplinarity does not exist automatically, nor 
ll at once; rather, it emerges over time, within and 
mong individuals, groups of individuals, departments, 
chools, institutions, and organizations. Ultimately, 
here is a need to foster team science so that transdis
iplinarity is given a chance to emerge. The authors’ 
xperience with conducting multilevel research in 
ealth disparities underscores this need. As an exam
le, their survey-based evaluation efforts have provided 

nsight into the number and types of collaborations 
cross the CPHHD program, but were unable to cap
ure the evolution of team science, even with annual 
valuations, which had focused on such characteristics 
s publication counts and self-reported data on collab
ration. This experience suggests that instruments re
uiring self-report may not be the optimal way to 
apture team science-related evaluation data, and the 
uthors are hopeful that the social-network analyses will 
rovide more substantive information, particularly with 
egard to the scientific collaboration and integration 
hat are central to transdisciplinary research. 

However, two potentially more-powerful approaches 
ould be the use of temporal social-network analysis 
nd a formal bibliometric analysis of not only published 
ut cited publications as ways to investigate the emer
ence of “new science.” These approaches would be 
articularly valuable, given that increasing numbers of 
PHHD investigators identified multilevel research as a 
ajor challenge. A final lesson learned from the au

hors’ experience is that multilevel research should be 
onsidered in a transdisciplinary context. Multilevel 
esearch has often been conducted without consider
tion of this context, perhaps to its detriment.46 The 
PHHD initiative (and others like it) offers the oppor

unity for conducting multilevel research in a variety of 
pplication domains, within a new, rigorous, and inher

ntly transdisciplinary environment. 
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ome topics in this supplement to the American 
Journal of Preventive Medicine1–3 focus on the rigor
ous analysis of various contextual factors influenc

ng the design, implementation, and sustainability of 
ransdisciplinary research; however, an additional area 
f scientific exploration that may benefit Team Science 
nd the transdisciplinary research field is the formal 
nvestigation of factors that elucidate when scientific 
reas are merging and/or ripe for collaborative study. 
his precursor of collaboration readiness could play a 

ignificant role in understanding why and how team 
cience collaborations breakdown or thrive.1 If fields of 
cience have not sufficiently evolved toward one an
ther or their underlying support structures are incon
ruous, it may be difficult or impossible to initiate and 
aintain cross-disciplinary research even though the 

articipants are eager and other readiness challenges 
ave been successfully met. Understanding the under

ying readiness markers could go a long way in determin
ng why some collaborative projects fail or succeed, 
orecasting why and/or when some projects should be 
nitiated, and identifying collaborative opportunities 
hat were otherwise unknown. These findings could be 
sed to help identify research opportunities within and 
cross scientific fields. After gaining insight into when 
cientific areas are converging, having tools or method
logies for matching compatible investigators for suc
essful Team Science would further aid the process. 

The following commentary, from an outside, but inter
sted, observer of the transdisciplinary research field, 
ocuses on a generalized interpretation of two potential 
erial phases of team science. These phases do not cover 
he breadth of research being done on the science of 
eam science, but instead highlight arenas of research that 

ight add potentially significant domains of inquiry. 

hase 1 

 Investigators determine that a team-science ap
roach might benefit their research. 
 Funding organizations look for new, emerging, or 

nnovative approaches to research that could increase 

rom the Office of Portfolio Analysis and Strategic Initiatives, NIH, 
ethesda, Maryland 
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t

he potential for more, improved, or quicker research 
utcomes. 

tudy elements. Investigate the metrics or identifiers 
hat are used or could be used by researchers and 
unding organizations to determine when areas of 
cience are ripe for collaborative research and, more 
pecifically, transdisciplinary research. 

One of the initial challenges for Phase 1 is to 
dentify good metrics or science markers that can 
emonstrate connections between fields of research. 
ome metrics might include markers of when: (1) two 
cientific fields share system pathways or molecular 
omponents, (2) the scientific methodologies overlap 
n some key way, or (3) the conceptual research ques
ions or ideology are the same (e.g., studying the 
enetic drivers for reproductive behavior across plant and 
nimal species). The next step would be to determine 
hen the metrics identify fields of research, narrow or 
road, that are converging or have overlap. Based on 
ndings derived from analyses hypothesized above, can 

hese metrics be used to determine whether the research 
reas are ready for collaborative investigation? 

Companies, publishers, and organizations have al
eady begun developing technologies (e.g., research 
rofiling4–6) that can mine elements of research in
luding published articles to assist in identifying when, 
or example, similar words or concepts (e.g., proteins 
r methodologies) begin to appear in historically un
elated fields of research. However, more investigative 
ork needs to be done on whether the overlap of a few 
oncepts, citation connections (bibliometrics7), or 
ethodologies is sufficient and predictive of merging 

reas of science and additionally whether these areas of 
cience would benefit from collaborative research. 
onetheless, the development of these tools will likely 
ave benefit for most scientists in their attempt to 
nderstand the ever expanding number of research 
apers and information being collected and published. 
ithout the emergence of these tools, one can envision 

esearchers moving toward microcosm fields of exper
ise, narrowing their scientific scope to help establish or 

aintain clear parameters for what constitutes the body 
f knowledge they can justifiable defend. 
An initial area of inquiry for scientific readiness 
ight include a review of successful and unsuccessful 
  

ransdisciplinary research (or add questions to any 

0749-3797/08/$–see front matter S193 
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imilar review studies that may already be underway). 
n understanding about the scientific events that led to 

he collaborative efforts and any scientific-readiness cues 
hat were employed could provide insight that may 
ell be used more systematically to establish success

ul teams. Using models or novel approaches based 
n these metrics of scientific readiness, as associated 
ith successful or unsuccessful collaborative research 
rojects, could provide suggestive information about 
hen the opportunity for research collaboration is ripe. 
This line of thought leads to additional questions 

uch as: (1) What new analytical tools could assist in 
ur understanding of readiness cues? (2) Are there 
indrances to accessing the data needed for proper 
nalyses, developing models, or testing hypotheses? 
or example, would a uniform interface with access 
o all journal articles (or summaries) be necessary for 
ractical, comprehensive data mining by investiga

ors and funding organizations to unearth connec
ions? Access to research descriptions, publications, 
ata sets, and methodology repositories, for exam
le, may prove essential for capturing the proper 
etrics. (3) Can new technologies be transformative 

n the way we identify collaborative areas of research? 
4) Will the output of these tools provide more refined 
efinitions of what constitutes relatedness (e.g., related 
apers, findings, or researchers) in a way that is now very 
ifficult due to both the sheer abundance of scientific 

nformation and the difficultly in connecting the informa
ion from disparate locations or repositories? 

If these tools are successful in identifying scientific 
onvergence, investigators and funding organizations 
ill next need to know which researchers in the respec

ive fields are the most appropriate for establishing a 
eam to move the science forward. 

hase 2 

 Investigators use various methods to identify a 
esearcher with the right expertise and compatibility to 
nitiate a research partnership. 

 Funding organizations use various methods to identify 
he “right” researchers who can carry out successful 
transdisciplinary or collaborative) research when Phase 
–type opportunities appear to exist. 

tudy elements. Investigate the metrics or identifiers 
hat an investigator or funding organization uses or 
ould use to determine who the best collaborator(s) 
ould be for their conceptualized research idea. Inves

igate which metrics or combination thereof could 
erve as forecasters of successful collaboration. Deter
ine the best methods to bring together disciplines 

nd people when areas of science have been identified 
s promising for transdisciplinary or team research. 

Previous research findings on the contextual issues 
       

elated to the science of team science are likely to offer o

194 American Journal of Preventive Medicine, Volume 35, Num
nsights into what tools could further benefit the process 
f linking the right investigators. For example, should 
here be a broad researcher database or connected set of 
atabases that serve as communities of practice (CoP8)? 
hese CoPs could incorporate not only an investigator’s 

esearch publications but also their current contact infor
ation, their self identified expertise and interests, and 

ossibly recommendations or comments from other re
earchers. This proposition is not new and available tools 
re already appearing on the Internet (some specific to 
esearch9). One functional question that arises is: what are 
he essential metrics within the lists of skills, interests, publi
ations, or comments that are sufficient to identify an 
ndividual as the “right person” for a collaborative project? 

Although the theory above constitutes what could be 
ermed as a “top-down” approach to deriving scientific 
pportunities, the tools discussed above could provide 

nformation leading to “bottom-up” opportunities or 
nsights as well. For example, an investigator looking 
or transdisciplinary opportunities could use these tools 
o establish new research theories (top-down). At the 
ame time, another researcher with a known scientific 
ilemma might use the tools to understand whether 
heories, techniques, findings, or molecules from other 
omains of science could lead to insights and possible 
xperimentation possibilities (bottom-up). 
Clearly there are many challenges not only for the 

evelopment of these new technologies but also in the 
ata that are available for mining and the processes 
sed to identify metrics. However, there seems to be 
enefit in establishing clear methodology to under
tand the evolution of scientific interconnectedness, 
specially as redundancies in systems (i.e., the same 
NA sequences found in humans and rats; the innate 
ehavioral fear response in multiple species elicited by 
nakes) lead to more overlap in research fields. A more 
rm understanding of scientific readiness combined 
ith the known contextual factors that facilitate and/or 
inder transdisciplinary or team science could ulti
ately assist in the long term establishment and main

enance of successful cross disciplinary teams. 
In summary, if transdisciplinary investigation is to be 
ore fully realized, it will be critical to understand the 

oundation of scientific readiness. The 2006 establish
ent of the new Division of Program Coordination, 

lanning, and Strategic Initiatives (DPCPSI) at the NIH 
ffers a central location for NIH to begin to investigate 
ome of the new ideas highlighted above. If facilitative 
ools are successfully implemented on a broad scale at 
nstitutions and agencies, it could help demonstrate sci
ntific necessity for crossing traditional funding and “de
artmental” boundaries. The cost of establishing and 
aintaining transdisciplinary teams may to some seem 

igh, but the potential of such research is already evident 
e.g., mechanical engineering techniques being applied 
o the development of artificial organs and limbs). Devel
  

ping rigorous methods and models may ultimately help 

ber 2S www.ajpm-online.net 
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Systems Perspectives on Team Science 

ystems Thinking to Improve the Public’s Health 
cott J. Leischow, PhD, Allan Best, PhD, William M. Trochim, PhD, Pamela I. Clark, PhD, MSPH, 
ichard S. Gallagher, BS, Stephen E. Marcus, PhD, Eva Matthews, MPH 

bstract:	 Improving population health requires understanding and changing societal structures and 
functions, but countervailing forces sometimes undermine those changes, thus reflecting 
the adaptive complexity inherent in public health systems. The purpose of this paper is to 
propose systems thinking as a conceptual rubric for the practice of team science in public 
health, and transdisciplinary, translational research as a catalyst for promoting the 
functional efficiency of science. The paper lays a foundation for the conceptual under
standing of systems thinking and transdisciplinary research, and will provide illustrative 
examples within and beyond public health. A set of recommendations for a systems-centric 
approach to translational science will be presented. 
(Am J Prev Med 2008;35(2S):S196–S203) © 2008 American Journal of Preventive Medicine 
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“Public health asks of systems science, as it 
did of sociology 40 years ago, that it help 
us unravel the complexity of causal forces 

in our varied populations, and the ecologically 
layered community and societal circumstances of 
public health practice.”1 

reen’s quote suggests that to improve public health, it 
ill be necessary to gain a greater understanding of the 
omplex adaptive systems involved in both causing and 
olving public health problems.2 For example, prevent
ng and containing pandemic influenza requires collab
ration across a wide array of disciplines and fields, 

ncluding global surveillance to catch new outbreaks, 
apid laboratory analysis of new viral strains so that 
ffective medications can be developed, and the cre
tion of expansive communications and informatics 
nfrastructures so that communities can prepare and 
eact effectively. Each separate activity to address pan
emic influenza is necessary but insufficient in itself. 
owever, when viewed together, the structures and 

unctions to prevent and contain pandemic influenza 
epresent an ever-changing complex adaptive system 
hose sum is greater than the parts. Indeed, millions— 
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nd perhaps billions—of lives depend on how well that 
omplex system works. 

The increasing emphasis on systems thinking as an 
rganizing rubric reflects a confluence of trends 
mong very different fields that have begun to empha
ize systems thinking, including business, engineering, 
hysics, military science, agriculture, weather forecast

ng and public health.3,4 While there is no single 
iscipline for systems thinking, there are some funda
ental systems-thinking perspectives and approaches 

hat are shared across fields: (1) increased attention to 
ow new knowledge is gained, managed, exchanged, 

nterpreted, integrated, and disseminated; (2) empha
is on a network-centric approach that encourages 
elationship-building among and between individuals 
nd organizations across traditional disciplines and 
elds in order to achieve relevant goals and objectives; 
3) the development of models and projections, using 
 variety of analytic approaches (e.g., differential equa
ions, agent-based modeling, system-dynamics model
ng) in order to improve strategic decision making; and 
4) systems organizing in order to foster improvements 
n organizational structures and functions.2– 4 

Consistent with this systems perspective, and echoing 
osenfield’s5 benchmark definitions of multidisciplinar

ty, interdisciplinarity, and transdisciplinarity, Stokols6 in 
his supplement to the American Journal of Preventive 

edicine describes transdisciplinary research as a “pro
ess in which team members representing different 
elds work together over extended periods to develop 
hared conceptual and methodologic frameworks that 
ot only integrate but also transcend their respective 
isciplinary perspectives.” Given the profoundly differ
nt ways that scientists collect data and define new 
nowledge within disciplines, along with the many 
ifferent discipline-based assumptions about the nature 

f that knowledge, transdisciplinarity reflects an episte

0749-3797/08/$–see front matter 
ed by Elsevier Inc. doi:10.1016/j.amepre.2008.05.014 
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ology, or theory of knowledge, that has profound 
mplications for how new knowledge is collected, syn
hesized, interpreted, and disseminated. This is not 
o suggest that unidisciplinary, reductionist science is 
o longer relevant. Rather, the increased emphasis 
n science that is transdisciplinary, translational, and 
etwork-centric reflects a recognition that much, if not 
ost, disease causation is multifactorial, dynamic, and 
onlinear.7 Indeed, scientific silos, or compartmental

zed knowledge, have the potential to impede under
tanding of the complex inter-relationships among 
ariables.8 

It is perhaps neither possible nor desirable to elimi
ate the silos of science, but there is increasing recog
ition that it is essential to link them and to recognize 

hat they represent components of a larger system.2 

hat is, transdisciplinary science represents a necessary 
ut insufficient aspect of complex adaptive public 
ealth systems. Achieving effective and lasting advances 

n public health clearly depends on the knowledge 
ained through transdisciplinary science (e.g., the bio
ogical and behavioral causes of tobacco dependence, 
r social and biological factors that cause the spread of 
ommunicable diseases). But achieving those gains also 
equires making strategic decisions about which com
lex scientific questions will lead to the greatest public 
ealth gains, how new discoveries can be disseminated 
ffectively, and what structures and functions are 
eeded to deliver the new knowledge. The opinion that 
omplex challenges cannot be solved by reductionist 
pproaches alone reflects an orientation toward sys
ems thinking that Senge9 called a “fifth discipline.” 
nd this fifth discipline is highly consistent with the 
rinciples of systems thinking and cybernetics that were 
iscussed long ago by von Bertalanffy,10,11 Wiener,12 

nd Ackoff,13 and more recently by Leischow and 
ilstein,2 Sterman,14 Midgely,15 and Green.1 

ystems Thinking for Hurricanes and H5N1 
vian Influenza 

ecause systems thinking is often difficult to conceptu
lize, exemplars of both systems design and systems 
nalysis can serve as valuable models for those who are 
nfamiliar or even perplexed by what is meant by the 

erm. While many examples exist, weather forecasting 
nd the prevention of communicable disease will be 
escribed here. 

eather Forecasting 

erhaps one of the most advanced transdisciplinary 
ollaboratives that is fundamentally oriented toward 
he conceptual framework of systems thinking is weather 

odeling and forecasting.16 Networks of organizations 
nd scientists from around the world work together to 

nderstand the complexity of weather patterns so that c

ugust 2008 
ore accurate and timely weather forecasts can be 
ade. The Weather Research & Forecasting Model 

roup employs a type of translational model whereby 
ew discoveries made within a particular discipline 
e.g., oceanography) are linked together, so that com
lex relationships can be determined by transdisci
linary teams of scientists (i.e., physicists, atmospheric 
hemists, geographers). Models can be developed that 
xplain the data, and optimized models can then be 
isseminated to specific end-users and the public. Un
erstanding the interplay of solar activity, land masses, 
ater temperatures, wind flow, and other natural forces 
as made it possible—via complex and intensive com
utational modeling—to develop predictive weather 
odels that have both saved lives and reduced eco
omic devastation. Indeed, the National Oceanic and 
tmospheric Administration, in collaboration with 
ore than 150 universities, implemented a new 

omputer system that can model ever-more-complex 
ata (e.g., wind activity at specific elevations, humidity 
ifferences between night and day, the amount of 
rctic ice) in order to develop improved forecasts.17 

An integral part of the weather forecasting system is 
ommunication with the public. The example of Hur
icane Katrina serves as a reminder that having accurate 
orecasting and analysis of a complex weather system 
oes not necessarily translate into an effective use of 

hat information. Indeed, Katrina was a tragic example 
f the dire consequences of a failed delivery compo
ent of the system. Many years of investment into 
ollecting data from a variety of sources led to accurate 
orecasts, which in turn gave millions of people in 
atrina’s path time to escape; however, the application 
f that knowledge by federal, state, and local officials 
ailed. The devastating outcome was a reminder that a 
omplex system worth investigating lends itself to large-
cale organizational change as a result of new knowl
dge. This phenomenon is both the promise and the 
hallenge of systems thinking. 

reventing the Next Global Pandemic 

n 1918–1919, the Spanish influenza pandemic spread 
lobally in waves, killing between 50 and 100 million 
eople worldwide.18,19 This viral infection was the last 
andemic in the U.S., and if history is consistent, there 
ill be additional pandemics in the future. In recent 
ears, the H5N1 Avian influenza has been of para
ount concern because it is deadly to humans and 

ould rapidly spread if mutations allow it to easily pass 
rom human to human. Fortunately, as in the weather 
orecasting example above, public health agencies 
orldwide have recognized this risk and have imple
ented systems—including transdisciplinary teams of 

cientists—to prevent or minimize the risk of a future 

ommunicable-disease pandemic. 

Am J Prev Med 2008;35(2S) S197 
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In the U.S., the CDC coordinates a comprehensive 
urveillance-and-response system to anticipate and 
anage influenza outbreaks. One component of this 

ystem is BioSense,20 a real-time surveillance system 
hat links data from local and national sources to 
dentify and track new and existing influenza out
reaks. Another component, also under the supervi
ion of the CDC, is the Laboratory Response Network,21 

n integrated system of laboratories at the local, na
ional, and international level, that serves as a rapid 
eporting-and-response infrastructure for communica
le disease and bioterrorism. This comprehensive sys
em assures that “hot spots” of influenza will be identi
ed early, so that local healthcare systems can mobilize, 
nd policymakers can take appropriate action to pre
ent the spread of disease. In addition, the NIH has 
ncreased its investment in the development of new 
rugs to treat influenza, and has created an initiative 
alled Models of Infectious Disease Agent Study, a 
collaboration of research and informatics groups to 
evelop computational models of the interactions be
ween infectious agents and their hosts, disease spread, 
rediction systems, and response strategies.”22 

The overall goal of these and other efforts is to bring 
ogether those who are critical to the discovery, devel
pment, and delivery of the knowledge, products, and 
ervices that will most effectively prevent and treat 
ommunicable disease. This comprehensive and mul
idisciplinary systems approach to preventing a mas
ive outbreak of disease that could kill millions of 
eople depends, like the weather-forecasting system, 
n (1) massive and rapid data collection from many 
ifferent sources; (2) rapid communication to a broad 
rray of sources; (3) transdisciplinary science, in order 
o understand and analyze data from many sources; and 
4) modeling of the complex relationships among the 
omponents in the system. These four elements are 
ecessary for the creation of more accurate predictions 
nd recommendations that can be used by policymak
rs to protect the health of the public. 

ystems Thinking in Public Health and Learning 
rom ISIS 

espite the promise that systems approaches hold for 
mproved understanding of the complex factors that 
ontribute to health and disease, few systems initiatives 
ave been developed at one of the premier U.S. center 

or health research—the NIH—to address chronic dis
ase or its causal factors. A recent exception is the pilot 
nitiative on the Study and Implementation of Systems 
ISIS). Aware of the systems-thinking approaches that 
ave been applied in other areas and given the com
lex nature of tobacco use and tobacco-related disease, 

he National Cancer Institute (NCI) funded ISIS to 

xplore how systems-thinking approaches might im w

198 American Journal of Preventive Medicine, Volume 35, Num
rove the understanding of the factors contributing to 
obacco use; to inform strategic decision making about 
hich efforts might be most effective for reducing 

obacco use and tobacco-related disease; and to serve as 
n exemplar for addressing other public health prob
ems. More specifically, ISIS was intended to become a 
ong-term, multi-agency collaboration to create and 
mplement transdisciplinary-systems principles and 

ethods for the discovery, development, and delivery 
f program and policy interventions within a research-to
ractice paradigm. 

eveloping and Defining the Four Key Areas in 
ystems Thinking 

iven the multiple systems approaches that have been 
mployed to address complex problems (e.g. weather 
orecasting, communicable disease, managing the 
conomy, conducting military operations), one of the 
oals of ISIS was to identify what they have in common, 
o that this information could be used to identify 
ffective ways to improve tobacco control. More specif
cally, a strategic-planning and development process 
as put into place to consider existing literature; the 
fforts of experts in other fields (e.g., the military, 
usiness, system dynamics, etc.); and experts across 
everal disciplines within the tobacco-control field. 

In addition to focus groups and other formative 
fforts completed during the first year of ISIS, a process 
ed by noted system-dynamics expert George Richard
on23 was implemented to explore what is meant by a 
obacco control system. As a result of that process, two 
mportant conclusions emerged: (1) understanding 
nd implementing complex systems is all about the 
elationships among people, collections of informa
ion, and even concepts; and (2) these relationships 
ork or do not work as a function of information and 
ow it is communicated. Thus, as the ISIS team began 
xploring complex relationships via system-dynamics 
hinking and modeling, two of what became four key 
rinciples emerged very rapidly: Without effective in
ormation and knowledge exchange, social networks do 
ot function effectively; in addition, when social net
orks oriented to public health are not functioning 
ffectively as a result of inadequate or dysfunctional 
nformation and knowledge exchange, systems that 
ould be effective are compromised and even pre
ented from achieving their potential positive impact. A 
erfect example of what can go wrong is the outcome 
f Hurricane Katrina. 
Conversely, when knowledge flow is effective, net

ork performance is better, and systems-level change is 
ossible. An example is community-driven policy 
hange, wherein over the last few decades there has 
een an increased shared awareness24 that higher cig
rette taxes and restrictions on smoking in public places 

ould result in significant drops in smoking prevalence. 

ber 2S www.ajpm-online.net 
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igure 1. Initiative on the Study and Implementation of System

onsequently, many states and nations focused their 
obacco-control efforts on increasing tobacco taxes and 
egislating bans on smoking in public places. 

As a result of the activities in the strategic-planning 
rocess, the ISIS group identified four priority areas 
Figure 1) that together serve as a synergistic founda
ion for understanding and improving the public’s 
ealth from a systems perspective. They do not repre
ent the only possible foundations, and certainly do not 
epresent all of the critical areas within the public health 
ystem that require attention, but they do reflect both 
onceptual and functional areas that together result in a 
um greater than their individual contributions. 

A brief summary of each area, drawn from the NCI 
onograph25 on systems thinking that these authors 

eveloped, summarizes the relevance of each to the 
ystems approach that the ISIS team delineated. 

. Managing systems knowledge. The management and 
ransfer of shared knowledge form the basis of interaction 
etween stakeholders in a systems environment. The 
evelopment of an effective system requires a comprehen
ive, sophisticated infrastructure for knowledge manage
ent and transfer that is based on integrating existing 

ilos of information, and manages both explicit knowl
dge (what we know we know) and tacit knowledge (what 
e do not know we know; unconscious lessons from 
xperience). This knowledge environment must be col
aborative, in keeping with the needs of the stakeholders 
t supports, and able to meet the changing needs and 

ethods underlying a systems approach to tobacco con
rol. It must also be evolutionary. 

To demonstrate the potentials of a web-based, 
ollaborative-knowledge environment for tobacco 
ontrol, the NIH and other partners created a cyber-
nfrastructure to improve the sharing, analysis, and 
issemination of tobacco data. This tobacco web 
ortal, currently called the Tobacco Informatics Grid 
TobIG), will use state-of-the-science information 
echnology and networking software to link tobacco 

ata, researchers, and resources (e.g., citation in b

ugust 2008 
IS) strategic-planning activities and key priorities 

exes, data mining, and visualization software). TobIG 
s envisioned as a cyber-infrastructure to support a 
oluntary network, or grid, of tobacco-control stake
olders to data and software/analysis tools. TobIG was 
onceived to be part of a multicomponent strategy to 
peed the development and delivery of innovative ap
roaches to tobacco control that would link directly 
ith the larger NCI-funded cancer–bioinformatics grid 
caBIG). 

. The power of transdisciplinary and multidisciplinary 
ystems networks. Networks form the backbone of a 
ystem by harnessing the power of linking diverse 
takeholder individuals and groups. Understanding the 
ormation and management of networks and using that 
nowledge to foster healthy networks in tobacco con
rol are critical components of a systems environment 
n public health. To better the understanding of how 

ultidisciplinary and organizational communication 
nd collaboration were occurring in tobacco control, 
everal network projects were implemented by the ISIS 
eam. These projects included Mapping the Tobacco 
arm Reduction Network (presented in detail in this 

upplement26); the Global Tobacco Research Network 
GTRN); and the Social Network Mapping of Tobacco 
ontrol at USDHHS. 

lobal Tobacco Research Network. The GTRN is a virtual 
eb of interconnected scientists and organizations col

aborating in the conduct, synthesis, and dissemination 
f tobacco-control research in support of a progressive, 
olicy-relevant research agenda. Functioning through 

ts web interface,27 the program provides network con
olidation, information management, and information 
haring. One product is the Research Assistance Match
ng Program (Program RAM), in which mentors are 

atched with novice researchers. 

ocial network mapping of tobacco control efforts within 
SDHHS. A social network analysis was used to delin
ate the connections among the agencies doing to

acco control work within the USDHHS to identify 

Am J Prev Med 2008;35(2S) S199 
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igure 2. Social-network analysis of tobacco control in the U

ommunication gaps and any silos of information (DA 
uke, NB Mueller, Saint Louis University, unpublished 

echnical report, 2005). Figure 2 shows the extent of 
ontact between organizations regarding tobacco con
rol on at least a quarterly basis. The size of each node 
epresents betweenness, or how often the individuals 
ithin an organization act as a bridge between other 
rganizations in the network. The isolates in the display 
i.e., the Food and Drug Administration and the Center 
or Medicare and Medicaid Services) suggest that much 
an be done to strengthen the tobacco-control commu
ications network with the USDHHS. 

. Methods for analyzing complex systems. System 
ynamics involve methods that facilitate a more-
onstructive examination of complex adaptive systems 
y modeling the behavior of actions and their conse
uences, both intended and unintended. These meth
ds are particularly well-suited to tobacco control, 
hich encompasses an ongoing struggle with countervail

ng factors that change over time and can be strength
ned. There is considerable promise in a range of 
ystems approaches, including formal system-dynamics 
odeling techniques and group processes that harness 

he problem-solving capabilities of multiple stakeholders. 
hese approaches constitute tools that help address prob

ems that are increasingly dynamic and complex.2,14,15 

To explore this methodology within the ISIS initia
ive, system-dynamics modeling methods were used to 
imulate tobacco prevalence and consumption over a 
0-year period across various age groups. The ISIS 
ystem-dynamics model used a participatory team pro
ess among stakeholders to define causal factors in 

obacco prevalence, as well as to provide estimates of m

200 American Journal of Preventive Medicine, Volume 35, Num
S 

mpirical model data. Formal empirical data from 
ources such as Morbidity and Mortality Weekly Report were 
sed for both model parameters and results validation. 
 causal-loop model of factors in tobacco prevalence 
nd a formal simulation model of specific shards of this 
odel were developed, using the VENSIM simulation 

anguage. One such model is an aging chain of smokers 
Figure 3), which explores tobacco use across the lifespan 
nd begins to take into account changes in smoking 
tatus, death, and outside influences, in order to inform 
he modeling process for predicting future tobacco-
elated morbidity and mortality. This figure, although a 
it daunting at first glance, shows the dynamic nature 
f youth uptake of tobacco through the development of 
ddiction and the potential outcomes through adult
ood. Such models can be fit with data (e.g., time to 
ddiction, relapse percentages) to better convey the 
omplexity of the tobacco problem and to identify 
oints in the system where interventions are likely to 
ield the greatest impact. 

. Systems organizing. Systems organizing reflects an 
volution from traditional management theory to a 
earning organization,3,4 or an adaptive-systems per
pective within a systems environment. Its major 
essage is the evolution of current concepts of 
anaging and organizing by transforming traditional 

op-down, command-and-control structures to encom
ass network-centric participatory approaches, the ef

ective evaluation of system complexity and dynamics, 
nd explicit attention to knowledge flow and manage
ent. Methods of organization are envisioned as a 

ontinuum from formal organization in the traditional 

anagement sense to self-organizing partnerships or 

ber 2S www.ajpm-online.net 
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igure 3. Aging chain of smokers 

ollaborations. For example, in order to identify the 
pecific genes associated with a particular disease, scien
ists from multiple disciplines might come together for 
he purpose of that project and then spin off into other 
roups to explore other problems. This dynamic process 
f systems organizing fosters not only increased collabo
ation to address a particular problem but also an inher
nt recognition that complex problems require transdis
iplinary teams that will change as the problems change. 

To explore how systems-organizing approaches could 
e used in public health contexts, the ISIS project 

ooked at two examples (one appears in Figure 4) that 
tilized a collaborative, participatory, structured con
eptualization methodology known as concept map
ing28,29 to model and graphically depict aggregated 
lusters of ideas or concepts held by groups (or net-
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igure 4. Concept-mapping example t

ugust 2008 
orks) of stakeholders. This concept-mapping method
logy is a good example of a systems-organizing ap
roach that can be utilized either in a face-to-face, 
eal-time group process or in a distributed asynchro
ous process over the Internet. Concept mapping 
nables a diverse group of stakeholders to brainstorm a 
road spectrum of specific issues that address a map
ing focus, organizes these issues through individual 
orting and rating, and then synthesizes this input 
cross individuals, using several multivariate statistical 
ethods (multidimensional scaling and hierarchical 

luster analysis). The results are graphically pre
ented as conceptual maps. Figure 4 provides an exam
le in which stakeholders associated with state and local 

obacco-control efforts developed a conceptual model of 
he components of a strong tobacco-control program. 

aking a Systems-Centric Perspective in Science 

here is a critical need for government agencies to take 
 leadership role in fostering increased transdisci
linary and translational collaboration and to employ 
n approach that recognizes that public health is the 
ulmination of a complex, adaptive federation of sys
ems22 that no one organization can or should control. 

hile comprehensive, centralized, hierarchical control 
s not the desired system goal here, there is an essential 
acilitative role that needs to be played by hierarchical, 
entralized organizational entities like the federal gov
rnment, which can provide the leadership essential to 
eveloping a framework for action, and encourage and 
upport the process of fostering collaboration among a 
iverse group of stakeholders. For example, in part as a 
esult of the ISIS effort, the NIH Office of Behavioral 
nd Social Sciences Research has identified systems 

hinking as fundamental to its strategic planning.30 
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able 1. ISIS recommendations 

SIS recommendation	 Action 

evelop and apply systems methods and processes	 Encour
Foster m
Conduc
Encour

uild and maintain network relationships	 Create 
think

Study th
Encour
Foster s

uild system and knowledge capacity	 Build c
Expand
Integra

ncourage transformation to a systems culture	 Encour
Rethink
Foster a
Address
Engend

imilarly, the President’s Cancer Panel presented a 
ranslational model that reflects a systems approach 
discovery, development and delivery), the success of 
hich depends on collaboration both among and be

ween scientists and, just as importantly, among scien
ists, clinical providers, community providers, policy-

akers, and the public to ensure that new discoveries 
an be implemented to improve health in the fastest 
ay possible.31 

At the completion of the ISIS initiative, the ISIS team 
eveloped several recommendations (Table 1) for foster

ng movement toward a more systems-centric approach to 
ranslational science.25 Some of the recommendations 
ere very concrete, such as studying the networks of 
etworks and developing cyber-infrastructures, and 
thers were conceptual, such as encouraging trans
isciplinarity and encouraging ecologic perspectives 
n implementation. 
However, inherent in the ISIS initiative and the 

esulting recommendations was a recognition that each 
f the four domains are intertwined and, in fact, 

igure 5. Integrative systems-thinking framework for com

lex systems in public health 
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stems thinking theory and research development 
-methods systems thinking 
ticipatory systems needs assessments 
n ecologic perspective on implementation 
jurisdictional/multilevel networks of networks for systems 
nd action 
tworks of networks to determine their effects 
ansdisciplinarity 
s evaluation 

ty for systems thinking 
lic health data to enable systems analyses 
ormation silos through cyber-infrastructure development 
ngoing vision and paradigm evolution 
ritizing and funding 
ms-thinking learning environment 
iers to the adoption of systems thinking 
stems leadership 

epend on each other. This recognition exemplifies 
ystems thinking, because it is oriented to the identifi
ation and understanding of complex relationships, 
ot just the dissection of them. Thus, the ISIS team 

urther concluded, a fundamental goal must be the 
reation of an integrated systems-thinking environment 
hat requires a strong orientation toward new ap
roaches to team science (Figure 5). 
The interplay of systems components to improve 

ublic health presented in Figure 5 illustrates the need 
or new approaches to team science that have a trans-
isciplinary orientation, as well as new approaches to 

raining that integrate reductionist and systems episte
ology, that promote a translational orientation, and 

hat are oriented toward the understanding of complex 
elationships and the fostering of teams to better 
ddress public health challenges as complex adaptive 
ystems. Tackling complex public health problems re
uires transdisciplinary and multidisciplinary teams to 
nderstand and address that complexity, and systems 
hinking is a path for getting them there. 

he authors wish to thank the many individuals whose 
nsights led to the ISIS recommendations. In addition, they 
ish to thank Gregg Moor for his editorial help. 
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he Role of Transdisciplinary Collaboration in 
ranslating and Disseminating Health Research 

essons Learned and Exemplars of Success 
aren M. Emmons, PhD, Kasisomayajula Viswanath, PhD, Graham A. Colditz, MD, DrPH 

bstract:	 In the past few decades, significant advances have been made related to understanding, 
preventing, and treating chronic disease. Given these many advances across multiple 
disciplines, it is unclear why the potential for yielding substantial reduction in disease has 
not been achieved overall and across various subgroups. Socioeconomic and racial/ethnic 
disparities in a wide range of disease outcomes persist, and a number of studies highlight 
the importance of further improving behavioral risk-factor prevalence on a population 
level. The goal of this paper is to explore the role of transdisciplinary collaboration in the 
translation of research related to these vexing public health problems, and, in particular, 
to explore factors that appear to facilitate effective and sustainable translation. Transdis
ciplinary collaboration also has great potential to speed the rate of adoption of evidence-
based practices. Examples of transdisciplinary collaborations in academic and community 
settings are provided, along with factors that may influence the long-term outcomes of 
transdisciplinary efforts. 
(Am J Prev Med 2008;35(2S):S204–S210) © 2008 American Journal of Preventive Medicine 
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he past three decades have witnessed substantial 
progress in reducing the prevalence of prevent
able disease among adults in the U.S., with 

ontributions from many disciplines.1 Epidemiologic 
ethods have advanced the understanding of the types, 

ature, and timing of exposures that increase disease 
isk.2 Social and behavioral sciences have provided a 
erspective on disease causation that goes beyond bio
edical approaches, drawing on social–epidemiologic 

pproaches to understand the population distribution of 
iseases and conditions and using population-based ap
roaches that extend intervention research beyond high-
isk populations. Both basic and biomedical science have 
ade significant advances in targeted treatment strate

ies. Still, the question remains: Isn’t there potential for 
ielding even greater reductions in disease than have 
een achieved to date? For example, many diseases con
inue to have disproportionately high prevalence among 
acial and ethnic minority and lower-socioeconomic 
roups. In addition, the need to reduce behavioral risk-
actor prevalence on a population basis has been recog-

rom the Department of Medical Oncology, Dana-Farber Cancer 
nstitute, and the Department of Society, Human Development, and 
ealth, Harvard School of Public Health (Emmons, Viswanath), 
oston, Massachusetts; and the Alvin J Siteman Cancer Center, 
ashington University School of Medicine (Colditz), St. Louis, 
issouri 
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oston MA 02115. E-mail: karen_m_emmons@dfci.harvard.edu. 
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m
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ized.1,3 It has been estimated that community-based 
holesterol interventions are cost effective if blood cho
esterol levels are reduced by as little as 2%.4 The full 
mplementation of currently available cancer prevention 
nd early-detection strategies at the population level 
ould reduce U.S. cancer mortality by approximately 
0%.5,6 

Processes and mechanisms at one level (e.g., at the 
olecular level) may influence outcomes at another 

evel (e.g., among population subgroups), thus calling 
or a more-synergistic approach to understanding and 
olving diseases and conditions. A transdisciplinary 
pproach to research, as proposed by Rosenfield,7 may 
e necessary if health promotion and chronic disease 
revention efforts are to live up to their potential. A key 
oal of this paper is to explore the role of transdisci
linary collaboration in the translation of research 
elated to public health, and, in particular, to explore 
actors that appear to facilitate effective and sustainable 
ranslation. Although some examples provided may 
nfluence bench-to-bedside translation, the primary fo
us in this paper is on addressing socioeconomic and 
acial/ethnic disparities and on closing the evidence
o-practice gap. 

ublic Health and Transdisciplinary Science 

ublic health is the ideal environment in which to 
evelop transdisciplinary science. The social–ecologic 

odel,8 a framework that is widely used for exploring 

0749-3797/08/$–see front matter 
ed by Elsevier Inc. doi:10.1016/j.amepre.2008.05.009 
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he factors that influence health and health behavior, 
ecognizes that health is affected by factors across levels 
f influence, including intrapersonal, interpersonal, 
rganizational, community, and societal. Although 
here is work in many areas at each level, a transdisci
linary approach is much more likely to stimulate a 
earch for opportunities for synergy across levels. There 
as long been a call for linking research and interven

ion approaches across levels,1,9 but to date there has 
een relatively little work in this area. One concern is 
hat tremendous inefficiency is introduced by not con
idering inter-connections across disciplinary bound
ries. For example, if the primary focus of work in 
besity and energy balance is on sociocultural factors, 
ventually the limits of not considering both environ
ental and physiologic factors will be realized. In 

ddition, the authors agree with Abrams10 that trans-
isciplinary approaches to addressing health disparities 
re crucial, precisely because the causes of disparities 
re multifactorial. As noted by Kaplan,11 reducing and 
liminating disparities calls for multidisciplinary mod
ls that account for how distal factors, such as social and 
conomic policies, and proximal factors, such as ge
etic make-up and pathophysiology, simultaneously 

nteract to affect population subgroups differently. 
ransdisciplinary science can contribute to understand

ng the mechanisms that potentially link these different 
eterminants studied in and from different disciplinary 
ealms and can develop action that may be necessary to 
meliorate disease conditions. If a transdisciplinary 
pproach to research in health disparities is not taken, 
he affected communities are likely to experience en
uring disparities, frustration with the process of re
earch, and perceived limited gain/benefit to research 
articipation. 

he Development of Transdisciplinary Initiatives 

uddy and Rhee12 have identified a number of features 
hat facilitate the development of effective transdisci
linary teams. These include institutional support of both 

ransdisciplinary approaches in general and in particu
ar the specific endeavor in which transdisciplinary 
cience is being applied; team selection, which includes 
epresentation by all relevant disciplines and commu
ity group members; training, which provide ongoing, 
ross-disciplinary education and opportunities for 
roblem-based and experiential learning; common goals, 
hich serve to functionally operationalize transdisci
linary science through the selection of measurable 
utcomes and evaluation approaches; and multidirec

ional communication, which recognizes the contribu
ions of all team members on an ongoing basis. Several 
tructural factors also facilitate the development of 
ffective transdisciplinary teams, including having 
hared space, a reduction of institutional barriers, a 

trong history of collaboration, and educational and c

ugust 2008 
raining opportunities for students and staff who can 
elp to break down disciplinary barriers. Examples of 
ow transdisciplinary collaborations have developed in 
oth university and community settings illustrate these 
rinciples. 

ransdisciplinary Initiatives in University Settings 
he Dana-Farber/Harvard Cancer Center 

he experience of establishing the Dana-Farber/Har
ard Cancer Center (DF/HCC) provides an example of 
he importance of institutional support for and com

itment to transdisciplinary engagement. For more 
han 30 years, the Dana-Farber Cancer Institute was a 
ingle-institution comprehensive cancer center. The 
ational Cancer Institute (NCI) strongly encouraged 

he formation of a larger, matrix cancer center, consist
ng of the seven academic institutions and teaching 
ospitals in the Harvard system. Bringing together 
even institutions with a strong history of competition 
as challenging. However, there was a strong sense of 

nstitutional readiness to engage in this activity, and a 
enuine interest in the scientific progress that could be 
ade through cross-institutional and cross-disciplinary 

esearch. 
Each of the institutions brought both unique and 

verlapping disciplinary strengths. For example, the 
ana-Farber had large efforts underway in basic and 
linical science. However, its population-science group 
as strong but small, and could not meet the growing 
emands for collaboration. Bringing the Harvard 
chool of Public Health and the Brigham and Women’s 
ospital—with significant strength in population 

tudies—into the cancer center expanded the avail
ble expertise in this area and provided opportuni
ies for new translational research endeavors, in 
ench-to-bedside translation as well as in efforts to 
educe the gap between the evidence base and 
ractice-in-community settings. As a result, popula

ion science emerged as a major strength in DF/HCC 
ctivities. 
Cancer center leadership placed a heavy emphasis on 

reating “nodal points,” or the intersection and devel
pment of interdisciplinary research projects between 
isease-based programs (e.g., breast, prostate) and the 
asic disciplines of cancer research (e.g., cancer biol
gy, epidemiology). These nodal points have provided 
 key infrastructure for productive interdisciplinary 
nteraction. Internal pilot funds are available only for 
rojects that create new nodal points. The review teams 
epresent all disciplines, and include scientists with 
xperience in transdisciplinary approaches. The ap
roach has spawned new collaborations across a range 
f disciplines. For example, a recently funded project 
xamines the role of vitamin D as a contributor to 

olorectal and prostate cancer disparities. A team con-

Am J Prev Med 2008;35(2S) S205 
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isting of behavioral scientists, disease-based scientists, 
nd epidemiologists are collaborating to look at vita
in D supplementation and uptake on disease markers 

mong blacks. This study looks at the multiple levels of 
nfluence on colorectal cancer risk, and holds consid
rable promise for informing future cancer-prevention 
rials that seek to reduce racial disparities in cancer 
utcomes. This work would not have been likely had 
he DF/HCC not provided the initial opportunities for 
ialogue among these investigators and the pilot fund

ng that led to other sources of support. 
The organizational structure of the DF/HCC pro

ided fresh opportunities for the development of a 
ransdisciplinary approach. The leadership group in
ludes representation from each of the disciplinary 
reas (e.g., population, clinical, and basic science), as 
ell as from each of the institutional partners, and each 
f its members has a vote on key operational and 
udgetary matters. Because of the size of the DF/HCC 
�1000 members in seven institutions spread across the 
ity of Boston), there are significant barriers to collab
ration in terms of geographic dispersion. So far this 

ssue has been addressed by a commitment to regular 
eeting times and rotating meeting locations. That 

aid, the lack of geographic proximity can provide a 
arrier because it prevents day-to-day, routine, un
lanned, informal interactions, and may have implica
ions for the design of interdisciplinary centers versus 
iscipline-bound departments. 
To facilitate cross-institutional collaboration, a com
on, centerwide administrative infrastructure was cre

ted. Regular meetings with institutional administrative 
epresentatives were designed to facilitate communica
ion and streamline DF/HCC processes. Although 
rogress has been made, many challenges remain. A 
articularly vexing problem is the fact that the partner 

nstitutions are separate fiscal entities, and thus require 
ubcontracts for joint grant applications. This can 
ometimes discourage investigators from engaging in 
ross-institutional collaboration. However, one signifi
ant advance has been the creation of a single IRB that 
eviews all cancer-related protocols from the partner 
nstitutions. This greatly reduces the burden on inves
igators related to multiple IRB submissions resulting 
rom cross-institutional collaborations. 

When this effort is evaluated against the features of 
ffective transdisciplinary collaborations identified by 
uddy and Rhee,12 it is clear that there has been 

ignificant institutional support, careful team selection 
o support strong interdisciplinary interactions, the 
lucidation of common goals that help to operational
ze transdisciplinary metrics, and multidirectional com

unication. However, the common metric for assessing 
he DF/HCC’s success at creating transdisciplinary 
pproaches has been the development of new funding, 
ncluding program projects and large center grants. 

his remains less than ideal as a metric for assessing the F

206 American Journal of Preventive Medicine, Volume 35, Num
mpact of the cancer center’s approach to fostering 
nterdisciplinary research, as not all collaborations have 
he same level of interdisciplinary science. Other met
ics are needed to truly measure the impact of this 
pproach. Further, the question can be raised whether 
he transdisciplinary collaborations that have occurred 
re a function of the DF/HCC or would have occurred 
ithout it. Quite possibly some transdisciplinary part
erships would have developed out of mutual interest 
nd openness to different disciplinary perspectives. 
owever, in such a large setting, with �1000 cancer 

enter members, there are many barriers to collabora
ion that the DF/HCC infrastructure can overcome. 
urther, in some parts of the university there is an 
mphasis placed on single-disciplinary approaches as 
he path to promotion. Because the DF/HCC provides 
 sanctioned setting in which researchers can consider 
he contribution of approaches outside of their individ
al areas, it has thus has made major contributions to 
hanging the norms of collaboration throughout the 
ystem. 

he YourCancerRisk Index 

he Harvard Center for Cancer Prevention brought 
ogether clinicians, epidemiologists, behavioral scien
ists, and decision scientists to perform collaborative 
esearch, to train the next generation of leaders in 
ancer prevention, and to build communication plat
orms for bringing prevention messages to the public. 
he first major collaborative efforts focused on summa
izing the causes5 and prevention13 of cancer and devel
ping a series of tools that might help communicate the 
essage that many forms of cancer are preventable. As 

olon cancer is largely preventable14 and the relevant 
ontent was well-developed, this served as a useful starting 
oint for bringing together epidemiologists, behavioral 
cientists, and risk-communication scientists.15 The Har
ard Colorectal Cancer Risk Assessment and Communi
ation Tool for Research (HCCRACT-R)15,16 was an 
nteractive, computer-based tool used to provide indi
iduals with their estimated personal risk for colorectal 
ancer, and can be used as a tool to study different 
isk-communication strategies. The risk-estimate calcu
ation16 was based on extensive review of scientific 
vidence and expert consensus on cancer-risk factors. It 
ook into account both risk factors that are not modi
able (e.g., family history) as well as behavioral and 

ifestyle factors that can be changed to reduce risk (e.g., 
creening, physical activity, diet). The computer-based 
echnology allowed developers to tailor the risk-
ommunication messages based on the patient’s risk 
rofile. Details on the development and validation of 

he tool are provided elsewhere.16 

The look, features, and functionality of the website 
ere all influenced by transdisciplinary collaboration. 

or example, the original plans for the tool called for a 

ber 2S www.ajpm-online.net 



p
g
c
s
s
e
t
m
t
t
n
m
w
b
L
m
c
o
a
a

p

e
t
i
p
v
o

T

T
d
d
c
d
o
t
a
t
t
t
w
n

F

A

aper-and-pencil measure, based on the epidemiolo
ists’ assumption that most people could accurately 
omplete the basic math needed to compute one’s risk 
core. Formative research conducted by the behavioral 
cientists demonstrated that there was a high level of 
rror, and thus the team worked together to develop 
he website, whose design integrated principles from 

ultiple disciplines. Over time, the HCCRAT-R research 
ool was expanded into the YourCancerRisk website, 
hrough the collaboration of colleagues in health commu
ication, behavioral science, and epidemiology. Ulti
ately, the site was further expanded into YourDiseaseRisk, 
hich provides risk assessment and information across a 
road range of diseases (www.yourdiseaserisk.wustl.edu/ ). 
ater modules were added that address factors at 
ultiple levels of influence, such as intrapersonal- and 

ommunity-level factors. The site has received numer
us awards for its content and continues to receive 
lmost 2000 unique visitor sessions per day, with an 
verage visit time of 8 minutes (Figure 1). 

To date, evaluation of the tool has focused on risk 
erception and planned behavior change.17–19 A broader 
igure 1. Sample screenshot from the YourDiseaseRisk� website (ww

ugust 2008 
valuation will be required to assess the full impact of the 
ransdisciplinary design team on the value of the overall 
ntegrated risk-assessment tool. Evaluation within a health 
lan that uses computerized medical records may offer a 
aluable setting for formal evaluation and the assessment 
f cost effectiveness. 

ransdisciplinary Initiatives in Community Settings 

he challenges in conducting community-based trans-
isciplinary research are many, although somewhat 
ifferent from university-based research. The issue for 
ommunities engaging in scientific research is not 
isciplinary in nature (as disciplinary is typically thought 
f) but instead relates to power and resource distribu
ion as well as to the knowledge of local culture, needs, 
nd preferences. A key consideration when extending a 
ransdisciplinary approach from the university setting 
o the community is whether the community has exper
ise at many levels and does not just represent a site in 
hich research can be conducted. Thus, the commu
ity is, in essence, a contributing discipline that needs 
w.yourdiseaserisk.wustl.edu/)
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o be integrated into all aspects of project development. 
nstitutional barriers often arise, most notably between 
he organizational and financial structures of university-
nd community-based organizations. Universities are 
ntimately familiar with the federal research-funding 
ystem and know how to take the best advantage of 
ederal research resources. Community organizations, 
owever, are often at a disadvantage because they lack 
 research or fiscal infrastructure with an in-depth 
nderstanding of this system. Universities are also 
ccustomed to having the bulk of a grant’s budget go to 
heir expenses; understandably, community groups are 
ncreasingly dissatisfied with this situation, or with 
eing asked to “donate” their time and resources for 
esearch. Time is another dimension on which there 
re different cultures in university and community 
ettings. University researchers are accustomed to the 
ong lag-time between developing a research idea, 
btaining funding for it, and being able to implement 

t; researchers are also accustomed to conducting large 
tudies that typically take years to complete. Commu
ity members, on the other hand, often agree to be 

nvolved in research in order to address key community 
oncerns that they want addressed in a timely manner. 
here are clearly differentials in timelines, expecta

ions, and resources that can make community-based 
esearch collaborations very difficult. 

Fortunately, there has been considerable emphasis 
n trying to develop models for effective collabora
ion between academic and community partners. The 
ommunity-based participatory research approach de
eloped by Barbara Israel and colleagues20 exemplifies 
he importance of developing shared expectations, 
hared operating principles, and shared language in 
he context of academic–community partnerships. 
our key principles of effective community-based par
icipatory research partnerships that relate to transdis
iplinary science stand out: (1) build on strengths and 
esources within the community, and understand that 
ll participants have significant contributions to make; 
2) integrate knowledge and action for the mutual 
enefit of all partners, so that the academic partners 
re not the only ones benefiting from the data being 
ollected; it is crucial to recognize that knowledge is 
ower, and all parties must share equally in that power; 
3) promote a co-learning and empowering process 
hat recognizes that all participants have the opportu
ity to learn from each other, and that the sharing of 
nowledge and empowerment strengthens the entire 
eam; and (4) facilitate the collaborative, equitable 
nvolvement of all partners in all phases of the research. 
o the authors’ knowledge, there has been little re

earch investigating community readiness to engage in 
ransdisciplinary science. However, if these principles 
re embraced, then the collaboration will by its nature 
pur transdisciplinary thinking, because of the empha

is on the integration of knowledge, co-learning, and t

208 American Journal of Preventive Medicine, Volume 35, Num
mpowerment. For example, Israel’s work,21 which 
ocused on community-based participatory research 
pproaches to asthma, has resulted in novel approaches 
o asthma management. High-level engagement of the 
ommunity in intervention design and evaluation made 
t possible to broaden definitions of health and well
eing beyond the individual and beyond health behav

ors and health services and to understand health as 
roduced within a social context. 

he Massachusetts Community Network for 
ancer Education, Research, and Training 

he Massachusetts Community Network for Cancer Edu
ation, Research, and Training MassCONECT is another 
xample of a transdisciplinary collaboration in a commu
ity setting that draws on principles of community-based 
articipatory research. This effort unites behavioral scien

ists, epidemiologists, social epidemiologists, demogra
hers, economists, and healthcare professionals with 
ey community coalitions in three urban, low-income 
assachusetts communities to advance cancer educa

ion, community-based participatory research, training, 
nd cancer-control services. The particular focus of 
assCONECT is on policy and clinical-service delivery 

o reduce cancer disparities in impoverished commu
ities. It draws on sources of community strengths and 
ssets through collaboration with existing community 
oalitions. Through the development of shared princi
les of engagement and collaboration, recognition is 
iven to the value of all the areas of expertise repre
ented, including all coalition members. 

Further, a process for access to pilot funds has been 
eveloped that prioritizes interdisciplinary work and 
ollaboration across coalitions, thus providing incen
ives for developing cross-disciplinary understanding 
nd acceptance. Moreover, two of the pilot projects 
unded in the first year have emerged from interactions 
mong scientists from different disciplines (social epi
emiology and demography, and communication sci
nce) to map health disparities in the community and 
hen to communicate the disparities through the media 
o influence public opinion about these disparities. 
lthough a hands-off approach (e.g., maps produced 
y the social epidemiologist are then given to the 
ommunication scientists for working with the commu
ity) would be possible and perhaps easier, opportuni

ies to integrate new learning from community perspec
ives into the current and future products would be 
imited. 

New pilot projects emanate from the recent passage 
f legislation to mandate universal health-insurance 
overage for all Massachusetts residents. The participat
ng communities are enthusiastic that this reform may 
ead to better healthcare coverage and, ultimately, to 
etter health outcomes among low-income communi

ies. However, all recognize the need to be vigilant to 

ber 2S www.ajpm-online.net 
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etermine the impact of this legislation, and have been 
xtremely concerned that federal programs for provid
ng cancer-screening services for low-income popula
ions are now at risk. Therefore, a partnership has 
ormed that encompasses a MassCONECT community 
oalition; two community health centers; and academic 
esearchers representing health policy, health commu
ication, and healthcare delivery to examine the im
act of the legislation on health outcomes from a 
ariety of perspectives. This project gives the commu
ity a critical voice in the evaluation of a key public 
olicy that is intended to provide a benefit that to date 

s unproven. The community’s role, particularly from 
he service-delivery perspective, has already shaped the 
valuation in ways that would not have resulted had a 
urely academic team addressed this problem. 
It is too early to tell if MassCONECT will lead to a 

ransdisciplinary approach in either science or in the 
elivery of healthcare services, but this is a goal of the 
ffort. It is crucial that evaluation metrics be developed 
o gauge both a community’s readiness to participate in 
ransdisciplinary science and whether the community 
an reap adequate benefits from such collaboration. 

he Role of Translation/Dissemination in 
ransdisciplinary Approaches 

he long-term goal of any health-related research en
eavor should ultimately be to improve the human 
ondition by reducing disease risk and prevalence and 
mproving the quality of life. It is imperative that these 
esearch findings about cancer-risk reduction be trans
ated to community-based settings that have the poten
ial to affect population health. Transdisciplinary ap
roaches have great potential to speed the rate at which 
esearch can contribute to the understanding and 
mprovement of health. Unfortunately, to date there 
as been relatively little adoption of evidence-based 
ractices,22–26 and, as a result, the potential of risk-
eduction efforts for cancer prevention have been 
argely unrealized. Unless careful attention is paid to 
his issue, innovations that occur as a result of transdis
iplinary approaches are likely to have the same fate. 

A recent call for more focus on dissemination re
earch27,28 will help increase the adoption of best 
ractices. However, there is very little research focused 

n this area, particularly in community settings and with 
nderserved populations. The failure to understand 

nfrastructure barriers to both program dissemination 
nd to design interventions that can be adopted in a 
ide variety of community, public health, and clinical 
ractice settings may contribute to the difficulty of 
roadly disseminating effective interventions. Com
ined with a limited research base to inform dissemi
ation practice, the uneven adoption of evidence-based 
nterventions to promote health and prevent disease 
p

ugust 2008 
an contribute to increasing health disparities.29 Dis
emination and implementation research can help an
wer the common question of how to take a program or 
ntervention that was tested and proven effective in one 
opulation and disseminate it successfully into another 
opulation. In light of limited resources, there have been 
arnings that the slow integration of evidence-based in

erventions into the community will continue unless a 
pecific focus on dissemination research is undertaken.26 

t is imperative that transdisciplinary research teams, from 
heir inception, think about translation and dissemina
ion, so that innovations that are sustainable, feasible in 
ommunity settings, and potentially influential on popu
ation health can be realized. In particular, there is a need 
or new conceptual models to bridge the existing gaps in 
ranslational research, particularly related to efforts to 
educe the evidence-to-practice gap.26,29,30 

One outstanding example of a dissemination tool 
hat is a product of many disciplines is the Cancer 
ontrol PLANET (Plan, Link, Act, Network with 
vidence-based Tools). PLANET is a web-based portal 
http://cancercontrolplanet.cancer.gov/index.html) de
eloped b y a n d jointly sponsored by the NCI, the CDC, 
he Agency for Healthcare Research and Quality, and 
he American Cancer Society. The portal is designed to 
rovide evidence-based cancer control programs to 
rogram planners, program staff, and researchers, thus 
nhancing their access to tested interventions and 
elevant data for program planning. PLANET includes 
tate cancer profiles, a guide to community preventive 
ervices, research-tested interventions, and planning 
uides. The website’s content results from the work of 
ozens of intervention researchers, statisticians, geog
aphers, and informaticians, and demonstrates how the 
ynergy of work in several disciplines can be used to 
evelop a tool for the dissemination for cancer control. 

ummary 

ransdisciplinary approaches are a key part of efforts to 
ddress vexing public health problems and to achieve 
ffective and durable translation. However, transdisci
linary approaches require a systematic and thoughtful 
rocess in which transdisciplinarity is valued and sup
orted (monetarily and otherwise) by leadership, and 
hrough which barriers are minimized. Although there 
s currently much rhetoric in academic circles about 
ransdisciplinary approaches, it is much easier to talk 
bout these approaches than to implement them in a 
eaningful way. Careful attention to implementation is 

eeded if transdisciplinary approaches are to fulfill 
heir potential. 

o financial disclosures were reported by the authors of this 

aper. 
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nterdisciplinarity and Systems Science to Improve 
opulation Health 
 View from the NIH Office of Behavioral and Social Sciences 
esearch 

atricia L. Mabry, PhD, Deborah H. Olster, PhD, Glen D. Morgan, PhD, David B. Abrams, PhD 

bstract:	 Fueled by the rapid pace of discovery, humankind’s ability to understand the ultimate 
causes of preventable common disease burdens and to identify solutions is now reaching 
a revolutionary tipping point. Achieving optimal health and well-being for all members of 
society lies as much in the understanding of the factors identified by the behavioral, social, 
and public health sciences as by the biological ones. Accumulating advances in mathemat
ical modeling, informatics, imaging, sensor technology, and communication tools have 
stimulated several converging trends in science: an emerging understanding of epigenomic 
regulation; dramatic successes in achieving population health-behavior changes; and 
improved scientific rigor in behavioral, social, and economic sciences. Fostering stronger 
interdisciplinary partnerships to bring together the behavioral–social–ecologic models of 
multilevel “causes of the causes” and the molecular, cellular, and, ultimately, physiological 
bases of health and disease will facilitate breakthroughs to improve the public’s health. 

The strategic vision of the Office of Behavioral and Social Sciences Research (OBSSR) at 
the National Institutes of Health (NIH) is rooted in a collaborative approach to addressing 
the complex and multidimensional issues that challenge the public’s health. This paper 
describes OBSSR’s four key programmatic directions (next-generation basic science, 
interdisciplinary research, systems science, and a problem-based focus for population 
impact) to illustrate how interdisciplinary and transdisciplinary perspectives can foster the 
vertical integration of research among biological, behavioral, social, and population levels 
of analysis over the lifespan and across generations. Interdisciplinary and multilevel 
approaches are critical both to the OBSSR’s mission of integrating behavioral and social 
sciences more fully into the NIH scientific enterprise and to the overall NIH mission of 
utilizing science in the pursuit of fundamental knowledge about the nature and behavior 
of living systems and the application of that knowledge to extend healthy life and reduce 
the burdens of illness and disability. 
(Am J Prev Med 2008;35(2S):S211–S224) © 2008 American Journal of Preventive Medicine 
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he vision of the National Institutes of Health 
(NIH) Office of Behavioral and Social Sciences 
Research (OBSSR) presented here provides an 

verview of the increasing role that transdisciplinary 
cience and systems science methods are playing in 
ransforming the understanding of the causality of 
ealth and disease in order to improve population-wide 
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ell-being. OBSSR, situated in the Office of the Direc
or of the NIH, is mandated to stimulate, integrate, and 
ncrease support for behavioral and social sciences 
esearch across the 27 institutes and centers that con
titute the NIH. OBSSR’s other responsibilities include 
isseminating behavioral and social sciences research 
ndings and providing advice to and communicating 
ith the NIH Director, the legislature, other govern
ent agencies, the research community, and the gen

ral public on matters regarding behavioral and social 
ciences research. OBSSR serves as the nexus for 
ross-cutting research on the role that behavioral and 
ocial factors play in the etiology, treatment, and pre
ention of disease and in the promotion of health and 
mproved quality of life. Additional information about 

BSSR can be found at the Office’s homepage 

obssr.od.nih.gov). 
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There is growing recognition that the solutions to the 
ost vexing public health problems are likely to be 

hose that embrace the behavioral and social sciences as 
ey players. To address this recognition, in 2007 OBSSR 
dopted a new strategic prospectus1 to guide future 
riorities in the behavioral and social sciences at NIH. 
t the core of OBSSR’s vision is a vertical integration 
cross the levels of scientific analysis, that is, a transdis
iplinary integration of the biomedical paradigms of 
olecular and physiological causal mechanisms with 

he ecologic paradigms of multilevel (individual, 
roup, community, societal, and global) “causes of the 
auses” of health and disease.2,3 

A note on terminology: As described by Stokols 
t al.,4 

Interdisciplinarity is a more robust approach to 
scientific integration in the sense that team mem
bers not only combine or juxtapose concepts and 
methods drawn from their own different fields, 
but also work more intensively to integrate their 
divergent perspectives, even while remaining an
chored in their own respective fields. Transdisci
plinarity is a process in which team members 
representing different fields work together over 
extended periods to develop shared conceptual 
and methodologic frameworks that not only inte
grate but also transcend their respective disciplin
ary perspectives. 

Rosenfield5 suggests that the term interdisciplinary lies 
etween multidisciplinary and transdisciplinary science, 

mplying a continuum along which the terms lie. How
ver, the terms interdisciplinary and transdisciplinary sci
nce are sometimes used interchangeably, both within 
nd outside the NIH. In the short term, because much 
f the work described here by OBSSR involves moving 
rom multidisciplinary to interdisciplinary science, the 
erm interdisciplinary is used throughout most of this 
ocument. Interdisciplinary is also the most common 
erm used in the NIH Roadmap for Medical Research.6 

 long-term goal of OBSSR is to facilitate a process for 
oving from interdisciplinary analyses to the deeper 

onceptual synthesis and transformative momentum 
romised by transdisciplinary science. 

he Value of Behavioral and Social Sciences 
esearch Knowledge and Practice for Improving 
ublic Health 

 great deal is known about the basic science of how to 
hange individual and population behavior. The appli
ation of findings from behavioral and social sciences 
esearch already plays a significant role in safeguarding 
nd improving the public’s health. The following se
ected examples provide a starting point to illustrate the 
remendous power of psychosocial factors alone and 
        

he value of basic and applied behavioral and social d

212 American Journal of Preventive Medicine, Volume 35, Num
ciences research in informing and improving the 
ublic’s health. 
Population and biological sciences identified tobacco-

se behavior as the primary cause of most lung cancers 
nd a leading cause of many other diseases, including 
ardiovascular disease. Behavioral and social sciences 
esearch informed the smoking interventions (individ
al, community, and policy level) that have spurred a 
ramatic reduction in U.S. tobacco use since its peak in 
he 1960s. In fact, the past decade witnessed a decline 
n overall cancer death rates for the first time in a 
entury,7 driven largely by the dramatic reduction in 
ale smoking rates, from 54.1% at their peak in 19658 

o 23.9% today.9 Within the relatively short time span of 
0 years, more than 45.7 million Americans have 
topped smoking.9 This is arguably one of the most 
uccessful public health interventions in recorded his
ory,10,11 and it has reduced the burden of many other 
iseases and excess societal expense as well. Behavioral 
nd social sciences research can take much of the credit 
or this. Such research also has been at the center of 
nderstanding the multiple determinants of smoking 

nitiation and cessation. Findings from behavioral and 
ocial sciences research have informed a broad spec
rum of approaches (e.g., policy, cessation and preven
ion programs, communication of the risks associated 
ith tobacco use). Of these, policy interventions (e.g., 

moking bans, cigarette taxes) have been found to be 
mong the most effective strategies for reducing smok
ng prevalence. (For in-depth treatment of this topic, 
ee Ending the Tobacco Problem: A Blueprint for the Na
ion.12) Because of behavioral and social sciences re
earch, tobacco use has been changed on a massive 
cale despite the highly addictive nature of nicotine. 

Another achievement of behavioral and social sci
nces research is the landmark NIH Diabetes Preven
ion Program (DPP), which showed that lifestyle 
hanges (i.e., alterations in dietary intake and physical 
ctivity that led to a reduction in body weight) were 
early twice as effective as a common medication in 
educing the risk of developing type 2 diabetes.13 An 
nterdisciplinary effort to harness the power of the DPP 
ntervention trial, together with lessons learned from 
obacco control (especially around policy interven
ions), could help reverse the obesity and type 2 
iabetes epidemics sweeping the developed world, and 
erhaps do so in less time than it took to cut smoking 
revalence in half. 
Research in the behavioral and social sciences has 

lso spawned great progress in the development of 
ffective treatments for the mental illnesses and disor
ers that are the leading contributors to disability. 
eta-analyses show that cognitive–behavioral therapy is 

ffective for unipolar depression, generalized anxiety 
isorder, panic disorder with or without agoraphobia, 
ocial phobia, posttraumatic stress disorder, childhood 
  

epressive and anxiety disorders, marital distress, an

ber 2S www.ajpm-online.net 
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er, childhood somatic disorders, and chronic pain.14 

oreover, cognitive–behavioral therapy is superior to 
ntidepressants in the treatment of adult depression.14 

inally, while a combination of cognitive–behavioral 
herapy and fluoxetine has been shown to be equal to 
uoxetine alone in alleviating moderate-to-severe de
ression in adolescents, adding cognitive–behavioral 
herapy improves the safety of the medication by reduc
ng suicidal ideation and events.15 

Another major public health success to which behav
oral and social sciences research on decision making, 
rug abuse, and sexual behaviors has made a significant 
ontribution is the mitigation of the spread of HIV/ 
IDS.16,17 As people have reduced their frequency of 

isky behaviors and new medications have become 
vailable, new AIDS cases in the U.S. have been cut 
lmost in half, from a peak in 1992 of over 78,000 to 
pproximately 40,000/year since 1998.18 The contribu
ions from behavioral and social sciences research 
long with the development of effective pharmacother
pies have changed HIV from an imminent death 
entence to a treatable, chronic disease. But for medi
ations to be successful, they must be taken on a regular 
asis, and behavioral and social sciences research has 
ontributed to significant, albeit modest, improvements 
n adherence.19 An effective partnership between the 
ehavioral and social sciences and the biomedical 
ciences is at the core of the progress being made in the 
ght against HIV/AIDS worldwide. 
Given the powerful discoveries and successes of basic 

nd applied behavioral and social sciences research— 
argely achieved within single disciplinary silos without 
he scientific breakthroughs of recent times—OBSSR’s 
ision is cautiously optimistic. It reflects a recognition 
hat a new era is dawning in the 21st Century, an era for 
revention and for re-engineering the lifestyles and 
nvironments that have been created previously. Life
tyle behaviors, social and physical environments, and 
olicy and economic incentives can indeed be 
hanged. Advances in biology, especially emergent 
ork on epigenomics; dramatic successes in achieving 
opulation behavior changes; and improved rigor in 
ehavioral, social, economic and population sciences 
re continuing apace, due in part to advances in 
athematical modeling, informatics, imaging, sensor 

echnology, spatial coding, cyber-infrastructure, and 
ommunication tools. These trends facilitate the under
tanding of the causes of preventable chronic, common 
iseases and poor health outcomes, and enable the 
evelopment of targeted solutions. Changes are in 
rder in the behavioral, social, chemical, and physical 
nvironments that are much more user-friendly to the 
xed-DNA sequences of human beings. The new tools 
nd technologies and the potential for interdisciplinary 
nd, ultimately, transdisciplinary vertical synthesis from 
ells to society (e.g., Glass and McAtee20) set the stage 

or OBSSR’s strategic vision for the future of both basic R

ugust 2008 
nd applied behavioral and social sciences research at 
IH and elsewhere. 

verview of OBSSR’s Strategic Vision at NIH 

he vision of OBSSR, as articulated in the strategic 
rospectus, is to mobilize the biomedical, behavioral, 
ocial, and population science research communities as 
artners to solve the most pressing health challenges 
aced by society.1 Such a transdisciplinary approach is 
alled for because there is increasing awareness that the 
ost daunting and intractable problems in public 

ealth are so because of their complexity, and that the 
ailure to appreciate and adequately address this com
lexity is thwarting attempts to tackle these problems.21 

ndeed, the health and well-being of the whole popu
ation may be best conceptualized as a “systems” prob
em, occurring on a continuum over the human lifes
an as well as across a variety of levels of analysis, 
anging from the cellular and molecular to individual 
nd interpersonal behaviors, to the community and 
ociety and to macro-socioeconomic and global levels 
Figure 1).22 

The OBSSR at NIH has historically embraced a 
iopsychosocial perspective on the causes and corre

ates of health and illness.23,24 Extending the biopsy
hosocial model, Glass and McAtee20 provide an even 
tronger rationale for OBSSR’s taking an interdisic
linary and systems science perspective to improve 
nderstanding of the forces that determine optimal 
ealth promotion and prevention, reduced disease 
urden, and improved chronic disease management 
cross the human lifespan and across generations. 

Consistent with the Glass and McAtee model of 
roblem conceptualization,20 the OBSSR staff recog
ize that the health problems of the 21st Century are 
omplex. Solving these problems not only demands a 
ovement from interdisciplinarity to transdisciplinarity 

ynthesis, but also dictates the methods needed for 
ddressing them.25,26 OBSSR’s emphasis on systems 
cience reflects this awareness. 

igure 1. Transdisciplinary integration: from cells to society 
ver time and across lifespan developmental phases 

eprinted with permission from Abrams22 
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he OBSSR’s Strategic Prospectus 

he strategic prospectus recently published by OBSSR1 

rticulates four new programmatic directions, summa
ized below: 

	 Next-generation basic science: OBSSR will facilitate 
the next generation of basic behavioral and social 
sciences research informed by breakthroughs in 
complementary areas such as genetics, informatics, 
computer science, measures, methods, and multi
level analyses. 

	 Interdisciplinary research: OBSSR will facilitate col
laborative research across the full range of disci
plines and stakeholders necessary to fully elucidate 
the complex determinants of health and health-
systems challenges. Such collaborations will yield 
new conceptual frameworks, methods, measures, 
and technologies that will speed the improvement of 
population health. 

	 Systems science approaches to health: OBSSR will 
stimulate research that integrates multiple levels of 
analysis in problem conceptualization and recog
nizes the complex and dynamic relationships among 
components of the system. These approaches are 
required to understand the ways in which individual, 
contextual, and organizational factors interact to 
determine health status. 

	 Population impact: OBSSR will work with its NIH 
partners to identify key issues in population health 
toward which scientists, practitioners, and decision 
makers can work together to accelerate the transla
tion, dissemination, and implementation of the find
ings of BSSR in the service of improved health. This 
programmatic direction emphasizes a research 
agenda that is problem-focused and outcomes-
oriented. It begins with a complex but clearly de
fined health problem and works backwards from the 
problem to identify the multiple causal pathways and 
feedback loops that will lead to development of the 
most powerful and efficient set of interventions to 
address the problem. 

Interdisciplinarity is an explicit, programmatic 
heme within the OBSSR strategic prospectus that, in 
act, pervades all other themes. A number of other 
ross-cutting themes also underlie OBSSR’s program
atic directions. These themes include: (1) the elimi
ation of health disparities22; (2) the strengthening of 

he science of dissemination (the quest for scientific 
vidence to determine the most effective ways to trans
ate findings from basic research and clinical trials 
erformed under ideal conditions to the successful 
idespread adoption and implementation by all target 
udiences and in national health policy)27,28; (3) capi
alizing on recent advances in informatics, communica
ions, imaging, sensor technology, and data-visualization 
        

echniques that aid data analysis and interpretation29; i

214 American Journal of Preventive Medicine, Volume 35, Num
nd (4) investigating commonality among theories and 
echanisms of behavior change and sustained mainte

ance of change. Another goal of OBSSR is to enhance 
he interdisciplinary training of the current and next 
eneration of behavioral and social scientists. 
A critical milestone for enhancing interdisciplinary 

cience and systems science is the rapid deployment of 
arious components of cyber-infrastructure, making 
onnectivity possible from the local to the global 
cale.29,30 The National Science Foundation’s landmark 
tkins report30 enumerates the potential and the criti
al base technologies underlying cyber-infrastructure, 
ncluding the integrated electro-optical components of 
omputation, storage, and communication that con
inue to advance in raw capacity at exponential rates. 
bove the cyber-infrastructure layer are the software 
rograms, services, instruments, data, information, 
nowledge, and social practices applicable to specific 
rojects, disciplines, and communities of practice. Be
ween these two layers is the cyber-infrastructure layer 
f enabling hardware, algorithms, software, communi
ations, institutions, and personnel. This layer should 
rovide an effective and efficient platform for the 
mpowerment of specific communities of researchers 
o innovate and eventually revolutionize what they do, 
ow they do it, and who participates. 
The next section elaborates on the programmatic 

irections outlined above, and includes specific re
earch examples. 

rogrammatic Direction #1. Next-Generation 
asic Science 

asic biomedical, behavioral, and social sciences re
earch has produced enormous advances in under
tanding the factors that contribute to the risk of 
isease and to optimal health. Genetic studies in the 
0th Century revealed mutations in individual genes 
esponsible for a relatively small number of rare dis
ases, like Duchenne muscular dystrophy, cystic fibro
is, and sickle cell disease. The sequencing of the 
uman genome and the completion of the HapMap 
ave opened the door to genomewide association stud

es that will accelerate the identification of genetic 
ontributions to health and disease. Simultaneously, 
dvances in molecular and cellular biology, bioinfor
atics, and imaging are providing a rich, systems-

iology view of cellular, organ, and organismal physiol
gy, all of which will improve understanding of the 
tiology of disease and the ability to manage it. 
At the same time, OBSSR recognizes that behavioral 

actors and social conditions have profound effects on 
he development and progression of common chronic 
iseases, premature disability, and mortality. Humans 
re both agents of change and affected by the process 
f change over time. This reciprocal determinism31 
  

s a dynamic process and is often nonlinear, multi

ber 2S	 www.ajpm-online.net 
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etermined, and multilevel in nature. Patterns of be
avior, exposures to pathogens, and the social and 
hysical built environments are rapidly changing as a 
esult of human agency. For example, tobacco use, diet, 
hysical activity, obesity, and HIV/AIDS have all 
hanged dramatically within the relatively short period 
f 1 or 2 decades during the 20th Century. Many 
hanges in lifestyle and living conditions have had large 
mpacts on subgroups of the population and on the 
bsolute rates of disease burden within the whole 
opulation. On the positive side, from 1900 to 2004, 
he U.S. population witnessed a dramatic increase in 
ife expectancy, from 47.3 years to 77.8 years, due 
rimarily to changes in life circumstances and, more 
ecently, due to improvements in health care.32 On the 
egative side, between 1976 and 1980 and in 2003– 
004, the prevalence of obesity—a risk factor for type 2 
iabetes, heart disease, cancer, and other serious 
ealth problems—more than doubled in adults (from 
3% to 34%) and in children aged 6–11 (from 7% to 
9%), and more than tripled in adolescents (from 5% 
o 17%).32 Moreover, persistent problems like tobacco 
se and disparities in health remain as leading causes of 
reventable disease burden, disability, and death. 
An enormous scientific challenge now presents itself: 
hat are the best ways to understand, prevent, and 

reat common, chronic diseases like heart disease, 
ancer, addiction, and mental illness when it is appar
nt that they are the result of interactions between 
ndividuals—in all their biological complexity—and 
heir ever-changing physical, behavioral, and social 
nvironments? To maximally improve population 
ealth, the individual’s genome and biology must be 
iewed in its much broader environment. Human ge
etic sequences are static, but the functional expression 
f that DNA sequence is influenced by the environ
ent. To begin unraveling this complexity, NIH 

aunched its Genes, Environment and Health initia
ive33 and the Genetic Association Information Net
ork.34 These trans-NIH efforts seek to identify how 
ene–environment interactions contribute to common 
iseases by supporting genomewide association studies 
o link particular genetic variants to specific diseases 
nd the development of environmental and biomarker
ensor technologies to measure behavioral and chemi
al exposures. 

These activities are an excellent start, but significant 
hallenges remain. The massive amounts of genetic and 
xposure data that will be collected will make sense 
nly with improved basic behavioral and social sciences 
esearch, which can address questions such as these: 
ow should statistical power calculations and the interpreta

ion of significant versus spurious associations be handled 
hen so many variables can now be explored simultaneously? 
hat is the best way to measure human phenotypes and the 

ntermediate phenotypes that underlie complex clinical disease 

ategories? What are the health-relevant physical, behavioral, s

ugust 2008 
nd social environments, and how should these environmental 
xposures be measured over an entire lifespan? How can true 
ene– environment interactions be captured, and what are the 
echanisms underlying these interactions?35 How might en
ironments be changed so that they foster, instead of assail, 
ealth? 
The above considerations, as well as others, have led 
BSSR to the following research priority areas in 
ext-generation basic behavioral and social sciences 
esearch: 

ene–environment interactions. How do genetic en
owment and early-life experiences interact to deter
ine physical and mental health later in life? How do 

ehavioral, social, chemical, and physical environments 
ause epigenomic changes that, in turn, influence gene 
xpression? 

nvironmental effects on physiology. How is psychoso
ial stress transduced into a biological signal that influ
nces physiology? Can these findings be used to under
tand group behavior in the context of trauma such as 
atural or man-made disasters? Or can they be used to 
lucidate mechanisms underlying the deleterious effects 
f impoverished environments on health? How do large-
cale societal structures (e.g., racial segregation, immigra
ion and acculturation patterns, economic discrimina
ion) affect physiology and, ultimately, health? 

echnology, measurement, and methodology. How 
an the rapid establishment of cyber-infrastructure, 
rid computing, and recent advancements in computer 
ciences, informatics, imaging, networking, and knowl
dge management be harnessed to improve data col
ection and analysis? How can the development of new 
ools and methodologies be improved so that they 

easure more precisely and directly behavior and 
ocial environments in real time (e.g., ecologic momen
ary assessment, personal sensors, geospatial coding 

ethods) and decipher multilevel pathways linking 
iology, behavior, environment, and societal trends? 

ocial integration and social capital. How do advances 
n technology and mobility affect neighborhood social 
etworks and mechanisms such as resilience and con
ectedness? What is the impact of these advances on 
ealth behaviors? 

omplex adaptive systems. How can the growing un
erstanding of complex adaptive systems be used to 
etter understand the process of decision making in 
ealth at the personal and systems levels? 

ocial movements and policy change. How do social 
ovements related to health take shape and permit 

hings like tobacco taxes, smoke-free workplace poli
ies, and school lunch program changes to occur? How 
nd why must public opinion change before legislative, 
egulatory, or other legal action is possible? What 

cience will enable researchers to frame messages in 

Am J Prev Med 2008;35(2S) S215 



w
s

t
t
i
d
d
p
p
s
t
s
g
i
p
t
g

v
M
e
u
i
s
p
r
fi
p
a
a
e
a
D
p
C
t
v
a
e
s
m
r
s
g
m
fi
u
o
v
q
s

s
t
h
e

T
h
P
g
t
r
m
r
t
e
i
a
n
t

P
R

T
p
s
h
a
s
t
m
a
r
c
w
i
t
r
s
a
O
s
t
t
m
b

o
b
n
i
a
m
s
t
t
t
c
l
t
r

S

ays that maximize the chances for motivating and 
ustaining positive, health-related change? 

Investigators are beginning to address these ques
ions. For example, Caspi and Moffitt36 have been at 
he forefront of studies linking gene–environment 
nteractions to psychiatric disorders in humans. Using 
ata from the longitudinal Dunedin cohort study, they 
emonstrated that a particular, functional polymor
hism in the promoter region of the serotonin trans
orter gene moderates the depressogenic influence of 
tressful life events during childhood. They reported 
hat childhood maltreatment predicted adult depres
ion only among individuals carrying the short allele 
enotype, but not among individuals carrying two cop
es of the long allele. Notably, the genotype did not 
redict adult depression.37 These data illustrate that 
he social environment during childhood interacts with 
enetics to influence adult behavior and disease. 
The biological pathways underlying gene–social en

ironment interactions are being explored as well. 
eaney, Szyf, and colleagues38,39 have completed an 

legant series of studies elucidating the mechanisms 
nderlying the long-term effects of rat maternal behav

or on the behavioral and neuroendocrine stress re
ponses of their offspring. They have reported that a 
articular style of maternal behavior (low maternal 
at-pup licking and arched-back nursing) during the 
rst week of postnatal life leads to increased and 
rolonged reactivity of the hypothalamic–pituitary– 
drenal (HPA) axis in the offspring. These changes are 
ssociated with reduced glucocorticoid receptor-gene 
xpression in the hippocampi of the offspring, which 
ppears to be due to epigenetic changes (increased 
NA methylation, altered histone acetylation) in the 
romoter region of the glucocorticoid receptor gene. 
entral infusion of the histone deacetylase inhibitor, 

richostatin A, to the offspring during adulthood re
erses the previously defined differences in histone 
cetylation, DNA methylation, glucocorticoid-receptor 
xpression, and HPA axis responses to stress, thus 
uggesting a causal relationship between patterns of 
aternal care and the epigenomic state, glucocorticoid-

eceptor expression, and stress responses in the off
pring. While the extent to which these findings might 
eneralize to other instances of behavioral and environ
ental programming remains to be determined, these 
ndings do suggest that an epigenetic mechanism may 
nderlie the transmission of intergenerational effects 
f a behavioral stimulus— one that is potentially re
ersible but can have dramatic downstream conse
uences (heightened neuroendocrine response to 
tress) across the offspring’s lifetime. 

Thus, there is enormous potential for greater under
tanding of gene–environment interactions and health 
hrough interdisciplinary partnerships among the be
avioral and social sciences and the biomedical sci
        

nces as the field of epigenetics/epigenomics emerges. n

216 American Journal of Preventive Medicine, Volume 35, Num
o support work at this leading edge of discovery, NIH 
as recently launched its NIH Roadmap Epigenomics 
rogram40 as part of the NIH Roadmap. Among the 
oals of the NIH Roadmap Epigenomics Program are 
he following: (1) to coordinate and develop a series of 
eference epigenome maps, analogous to genome 
aps, which will be publicly available to facilitate 

esearch in human health and disease; (2) to evaluate 
he epigenetic mechanisms in aging, development, 
nvironmental exposure (including physical and chem
cal exposures), behavioral and social environments, 
nd modifiers of stress; and (3) to develop new tech
ologies for the epigenetic analysis of single cells and 

he imaging of epigenetic activity in living organisms. 

rogrammatic Direction #2. Interdisciplinary 
esearch 

he staff at OBSSR recognize that solving the most 
ressing health problems will require a greater under
tanding of the full range of factors that determine 
ealth—biological, behavioral, social, and environmental— 
nd of their complex interrelationships. In some in
tances, a single research discipline is best suited to 
ackle specific health problems. However, most com

on, serious, health problems cannot be adequately 
ddressed solely within a single discipline, instead 
equiring a more comprehensive approach. New dis
overies and innovative solutions may become possible 
hen researchers in different disciplines meet at the 

nterfaces and frontiers of those disciplines to pool 
heir diverse bodies of knowledge. Interdisciplinary 
esearch and education are inspired by the drive to 
olve complex questions and problems, whether gener
ted by scientific curiosity or by pressing social need. 
ver time, collaboration among diverse scientists may 

hift from multidisciplinary and interdisciplinary work 
o a full transdisciplinary synthesis that has the poten
ial to produce new disciplines, as in psychoneuroim

unology, cognitive and social neurosciences, and 
ehavioral genetics. 
Research on stress and cancer is an excellent example 

f interdisciplinary research involving the behavioral and 
iomedical sciences. Antoni et al.41 recently integrated a 
umber of biomedical, behavioral, and clinical studies 

nto a proposed mechanistic cascade underlying the links 
mong behavior, biology, and cancer. Evidence is accu
ulating to suggest that stress, depression, and lack of 

ocial support influence the risk of cancer. For example, 
he breakup of a marriage has been associated with a 
wofold increase in the risk of breast cancer,42 and long-
erm chronic depression appears to increase general 
ancer risks.43,44 Basic research in physiology established a 
ong time ago that the stress response is characterized by 
he activation of the sympatho-adrenal system, which 
eleases the catecholamines, epinephrine, and norepi
  

ephrine, and the HPA axis, which releases glucocorti

ber 2S www.ajpm-online.net 
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oids. More recently, animal models have shown that 
atecholamines, glucocorticoids, and other stress hor-
ones influence multiple aspects of the tumor microen-

ironment, including: (1) the alteration of numerous 
spects of immune function, (2) the promotion of 

igure 2. Effects of stress-associated factors on the tumor mi

eprinted with permission from Antoni et al.41 

ugust 2008 
umor cell growth, (3) the migration and invasive 
apacity of cancer cells, (4) the stimulation of angio
enesis by the induction of pro-angiogenic cytokine 
roduction, and (5) the activation of oncogenic 
iruses (Figure 2).41 

vironment 
croen
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Moreover, recent studies have shown that the phar
acologic blockade of noradrenergic � receptors pre

ents the exacerbation of cancer that is otherwise 
bserved following immobilization stress in mice, an 

ndication that �-adrenergic signaling is critical in 
ediating the effects of stress on tumor growth in this 
odel.45 Some comparable data in humans are begin

ing to emerge. For example, it has been demonstrated 
hat norepinephrine upregulates vascular endothelial 
rowth factor, which, in turn, stimulates angiogenesis 
n two human ovarian cancer cell lines.46 This catechol
mine also increases human colon cancer–cell migra
ion, and both epinephrine and norepinephrine pro

ote the invasion of ovarian cancer cells in vitro. Taken 
ogether, data such as these indicate that a complex 

atrix of psychological, social, and biological factors in 
ancer, ranging from social isolation to viral infection, 
ffects known physiological processes that influence 
ancer progression. Continued research in this area 
ay yield targeted interventions to influence behavior, 

iology, or both to reduce the burden of cancer. 

rogrammatic Direction #3. Systems Science 
nd Health 

he term systems science is used here to refer to bringing 
o problem solving a perspective in which the problem 
pace is conceptualized as a system of interrelated 
omponent parts (i.e., the “big picture”). This term was 
hosen in lieu of several others that may be synony
ous, such as systems thinking or complexity, because 

ome terms are associated with a particular “brand” of 
hought, and the authors feel that systems science is 
eutral while also inclusive. The system is viewed as a 
oherent whole, while the relationships among the 
omponents are also recognized and seen as critical to 
he system, for they give rise to the emergent properties 
f the system. Emergent properties are those properties 
hat can only be seen at the system level and are not 
ttributes of the individual components themselves 
e.g., a flock emerges when a group of birds flies 
ogether; it is a property of the system, not of any 
ndividual bird). Systems science offers insights into the 
ature of the whole system that often cannot be gained 
y studying the component parts in isolation. More
ver, in a systems approach, there is recognition that 
mbedded in the system are feedback loops, stocks and 
ows, that change over time (i.e., dynamic, nonlinear, 
omplexity of the system). 

The advantages of utilizing systems science as a 
omplementary method for addressing complex prob
ems include the fact that nonlinear relationships, the 
nintended effects of intervening in the system, and 
ime-delayed effects are often missed with traditional 
eductionist approaches, whereas systems approaches 
        

xcel at detecting these. The common conceptual i

218 American Journal of Preventive Medicine, Volume 35, Num
rientation that defines a systems approach can be 
ummarized as follows: 

a paradigm or perspective that considers connec
tions among different components, plans for the 
implications of their interaction, and requires 
transdisciplinary thinking as well as active engage
ment of those who have a stake in the outcome to 
govern the course of change.25 

Systems science is not a single discipline; rather, it is 
 linkage of disciplines to bring about problem under
tanding and solving under the paradigm described 
bove. 

Systems science does not refer to a single methodol
gy; rather, it encompasses a wide range of methods 
nd tools (e.g., system dynamics simulation, agent-
ased modeling, network analysis, Markov modeling, 
oft-systems analysis, discrete-event modeling). While 
echnology is used to maximize the effectiveness of 
ystems approaches, systems science is not a technology. 
or an in-depth introduction to this topic, readers are 
ncouraged to view webcasts of the 2007 Symposia 
eries on Systems Science and Health.47 

By embracing systems science, the research community 
ill be better equipped to handle the policy-resistant 
roblems that abound in public health. Policy resistance 
efers to the “tendency for interventions to be defeated by 
he system’s response to the intervention itself.” 21 In the 
ast decades of the 20th Century, almost in parallel to the 
evelopments that spawned systems biology, the social– 
cologic model emerged as a dominant world view in 
earching for explanations of the broader population-
evel causes of the very same common, chronic diseases 
hat are the focus of biomedicine today.48–51 

Other troubling causes of poor health and shortened 
ife expectancy, such as access to care and disparities 
nd inequality in healthcare delivery, have also been 
tudied. The population, behavioral, and social sci
nces advanced beyond single discipline and simple 
ausal views toward another valid systems view of un
erstanding health and disease. In this world view, 
uman behavior can be broadly defined as hierarchi
ally organized along levels of complexity, from indi
idual behavior to collective behavioral patterns within 
roups to higher levels of the clustering of patterns of 
ehavior that are embodied in neighborhoods, work-
ites, schools, communities, cultural, ethnic, or reli
ious affiliations, to even broader patterns determined 
y societal norms, financial incentives, and policies. 
hese higher-order levels of factors interact in com
lex, dynamic, and multifactorial ways to produce the 
o-called “causes of the causes” of the complex com
on, chronic diseases.2 In this ecologic perspective, the 

iew of the ultimate “causes of the causes” lies as much 
  

n the behavioral–social–ecologic environment as it 
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oes in the proximal biological environment evident 
hrough reductionist approaches. 

The implication of these disparate world views of 
ausation (biomedical and ecologic) calls for a broader 
ntegration of the disciplines than has occurred to date. 

BSSR’s view is that there should be a “macro” inte
ration of the three broad disciplinary domains: the 
argely biomedical sciences, the largely individual be
avioral sciences, and the largely group or population-

evel sciences of the ecologic world view. 
Recently there has been a call for a new integrative 

ision among the behavioral, social, and public health 
ciences that might loosely be termed systems socio
ehavioral science, systems medicine, or, as one author has 
ut it, populomics.52 This is being called vertical integra

ion, that is, integration across rather than within the 
hree broad domains (i.e., the biomedical; the individ
al behavioral [intra-individual variation]; and the pop
lation [inter-individual or cluster variation] levels) of 
ystems structure.20 The hope is that this type of vertical 
ynthesis across varying levels of analysis will lead to a 
ext generation of science enabling further break

hroughs in the understanding and reduction of the 
urden and suffering of the major common, chronic 
iseases that afflict the U.S., other developed nations, 
nd, increasingly, the developing nations. OBSSR’s call 
or systems science is a call for an increasingly global 
erspective on the interaction, connectivity, and rela
ionships within and across nations. The specific objec
ives for OBSSR with regard to systems science are: 

	 To facilitate the development and application of the 
conceptual frameworks and tools needed for the 
application of systems methodologies to problems of 
health and its determinants; 

	 To promote and support the development of in
formatics tools to facilitate the collaboration and dis
semination of data relevant to the behavioral, 
population, and social sciences (e.g., longitudinal epi
genetic, biomarker, social, and behavioral data related 
to health); 

	 To contribute to the development of analytical 
frameworks, methods, and algorithms capable of 
integrating, analyzing, and interpreting highly di
verse data with varying metrics from research on 
genomic sequences, molecules, behavior, and social 
systems; 

	 To collaborate in the development of the curricula, 
modules, and materials required to train health 
scientists in the application of systems science; and 

	 To encourage the application of systems-organizing 
principles among stakeholder organizations in be
havioral and social sciences research, and to pro
mote the development of systems-organizing exper
tise among leaders, policymakers, and researchers. 

Bringing systems science to bear on public health 

roblems has the potential to explain how small t

ugust 2008	 
hanges at the individual level accumulate at the pop
lation level to reveal significant shifts in the absolute 
auses of disease.2,3 System dynamics modeling and 
gent-based models are methods that can simulate the 
omplex relationships among the components of a 
ystem and emergent behavior—that is, behavior that is 
bserved at the bird’s-eye vantage point of the system 
merging from the behavior of the individual compo
ents of the system (e.g., blood clotting and scab 

ormation emerge at the systems level from the behav
or of individual cells). Because of its unique ability to 
onsider simultaneously both the whole system and its 
ndividual parts, systems science is capable of produc
ng solutions that take into account a broad range of 
actors pertinent to the problem under consideration; 
or instance, genetic-to-environmental–, cellular-to
ehavioral–, and biological-to-social–systems approa
hes have proven extremely valuable when applied to 
roblems identified in a variety of disciplines, including 
efense,53 business,54 and cellular biology.55,56 Systems 
cience shows promise for unlocking the secrets of 
omplex, multidimensional health issues and for trans
orming this knowledge into effective interventions that 
an fundamentally change population health.57 

An example of applying systems science to public 
ealth problems is illustrated by Jones et al.,58 who used 
ystem dynamics simulation modeling to explain type 2 
iabetes prevalence since 1980 and to predict possible 
utures through 2050. The conceptual model (Figure 3)
ivided the U.S. population into those who do not have 
iabetes (normal glycemic levels); those at high risk for 
eveloping type 2 diabetes (i.e., people with prediabe
es, divided into diagnosed and undiagnosed); and 
hose who meet diagnostic criteria for type 2 diabetes 
diagnosed and undiagnosed, subdivided into with and 
ithout medical complications from diabetes). The 
onceptual model included births (entry into the sys
em); deaths (exit from the system); and individual 

embers’ movements among the diagnostic categories 
ver time (stocks and flows), as well as numerous 
actors contributing to diabetes outcomes (e.g., clini
al management of diabetes, self-monitoring, healthy-
ifestyle adoption, and medication use). 

The relationships among all of these variables were 
uantified and the model was calibrated and validated 

n an iterative process using historical data from a 
ariety of sources (e.g., the U.S. Census Bureau, the 
ational Health Interview Survey, the National Health 

nd Nutrition Examination Survey, and the Behavioral 
isk Factor Surveillance System). 
Simulations were then generated according to a variety 

f assumptions that were programmed into the model via 
lgorithms. Figure 4 shows the results of the simulated 
opulation burden of diabetes (i.e., deaths) under various 
cenarios where an intervention is introduced that is 
esigned to: (1) improve the clinical management of 
hose diagnosed with diabetes; (2) improve pre-diabetes 

Am J Prev Med 2008;35(2S) S219 
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igure 3. Diabetes conceptual model 
eprinted with permission from the American Public Health

anagement; and (3) prevent diabetes (through the 
revention of obesity). These three hypothetical scenarios 
re compared to “baseline,” a predictive model in which 
he status quo of diabetes clinical practices and preven
ion activities is maintained at baseline levels. 

The following outcomes were predicted under each 
f the three scenarios: 

. The	 improved clinical management of diabetes
leads to short-term improvements in diabetes con
trol, complications, and associated deaths. However, 
following these improvements in the first few years, 
there is a rapid rise in complication deaths. Improve
ments in complications are rapidly overtaken by the 
growth in diabetes prevalence because nothing has 
been done to reduce diabetes onset. 

.	 Efforts to manage persons with prediabetes would lead 
to reductions in the onset of diabetes initially, and 
ultimately would reduce deaths from diabetes compli
cations. But without prediabetes prevention efforts, the 
amount of reduction in deaths is less than optimal. 

. Finally, the primary prevention of diabetes shows the 
        

most drastic and lasting reductions in deaths. S

220 American Journal of Preventive Medicine, Volume 35, Num
ciation58 

However, even this powerful step alone (i.e., reducing 
ates of obesity without concurrent changes in prediabe
es management or clinical diabetes management) would 
ot reduce the overall burden of diabetes in terms of both 

he number of unhealthy days (not pictured) and the 
umber of deaths due to diabetes right away (Figure 4). 
n fact, the number of deaths attributable to diabetes 
ould actually rise through at least the year 2020, al

hough during subsequent decades, a significant decrease 
n diabetes prevalence and deaths would occur. Thus, the 
ime perspective is vital to determining the value of a 
trategy—that is, disease management works in the short 
erm, but primary prevention is more effective in the long 
erm. This example illustrates the potential of systems 
cience to inform healthcare and policy decisions to 
mprove population health. 

In another example of adopting a systems approach 
o improving the understanding of a public health 
roblem, Levy and colleagues developed SimSmoke,59 

 simulation model for guiding policy to make a 
opulation impact on reducing smoking prevalence. 
  

imSmoke uses historical and current data to model 

ber 2S	 www.ajpm-online.net 
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igure 4. Model output for three intervention scenarios 
ompared with the baseline scenario for diabetes complication-
elated deaths 
eprinted with permission from the American Public Health 
ssociation59 

he multiple sources and complex interrelationships 
hat determine tobacco-use prevalence and its health 
ffects. A discrete-time dynamic model was developed 
hat simulated smoking prevalence and tobacco-related 
eaths over a 40-year period. The model employed a 
rst-order Markov process that modeled population 
rowth and age-based rates of tobacco initiation, cessa
ion, and relapse. This model simulated the impact of 
ve policy-level interventions on smoking prevalence: 

axes, clean indoor-air laws, strategies to reduce youth 
ccess to cigarettes, strategies to promote cessation 
reatments, and mass-media policies. Researchers used 
mpirical and predicted data for the effects of each of 
hese areas on model parameters. SimSmoke showed 
he relative contributions made by a variety of different 
olicy interventions (i.e., increasing cigarette prices, 

ntroducing smoking bans, introducing media cam
aigns to encourage cessation and prevention, imple
enting additional restrictions on youth access to 

obacco, and introducing proactive quitlines) toward 
he desired outcomes (i.e., reduction in smoking prev
lence and reduction in deaths attributable to to
acco). Such models can be used to inform decisions 
bout how best to allocate financial resources and 
ormulate policies to optimize a desired public health 
mpact. The focus is on making an efficient population 
mpact to address a complex societal problem (tobacco
se behavior) with an emphasis on outcomes and on 
ultiple causal pathways, feedback loops, and control-

ystems dynamics that underlie the way the tobacco 
ndustry and the public health constituencies vie for 
heir respective goals. 

The above examples illustrate the potential for sys
ems science to radically transform the behavioral, 
ocial, and population sciences to a degree similar in 

agnitude to the transformation that systems biology o

ugust 2008 
nd bioinformatics are now bringing about in biology. 
his sentiment is captured in the broad vision for 
yber-infrastructure outlined in the Atkins report of the 
ational Science Foundation30: 

The opportunity is here to create cyberinfrastruc
ture that enables more ubiquitous, comprehensive 
knowledge environments that become function
ally complete for specific research communit
ies in terms of people, data, information, tools, 
and instruments and that include unprecedented 
capacity for computational, storage, and commu
nication . . . .  They can serve individuals, teams 
and organizations in ways that revolutionize what 
they can do, how they do it, and who participates. 

rogrammatic Direction #4. Population Impact 

he North Karelia Project60 underscores the value of a 
ultimodal, problem-based approach to a major public 

ealth issue. In the 1960s, Finnish men had the world’s 
ighest rate of heart disease mortality. The death rate 
as especially high in the province of North Karelia, a 
ural area in the eastern part of Finland. In 1972 
fficials in North Karelia began a community-based 

nitiative to reduce cardiovascular disease and mortal
ty. The North Karelia project included: (1) cultural 
nterventions addressing traditional Finnish dietary 
orms to reduce fat intake and to double the consump

ion of fruits and vegetables; (2) media outreach, 
ncluding health-related news features, educational 
ontent, and a national “quit and win” contest; (3) the 
raining of healthcare providers to provide cardiovas
ular risk-factor assessment and counseling for all pa
ients; (4) the engagement of community leaders and 
orkplaces to spearhead health-promotional activities; 
nd (5) policy interventions that included public smok
ng bans, the elimination of tobacco advertising, and 
axes earmarked for tobacco control programs. 

A variety of research disciplines, including social 
sychology, nutrition science, marketing, education, 
rimary care medicine, policy, and tobacco control 
ere brought together to design this multilevel inter
ention. The results were impressive: By the early 2000s, 
he number of deaths of working-age Finnish men from 
oronary heart disease had plummeted 75%. In North 
arelia, the effects were even more pronounced (an 
2% reduction in deaths), and life expectancy for men 
ncreased 7 years. Much of this reduction in mortality 
ame from reductions in risk factors like high blood 
ressure, high cholesterol, and smoking, because of 
utritional changes and smoking cessation. Today, this 
roject continues to sustain itself with a modest level of 
ublic resources. 
Another problem with tremendous population im

act is that of health disparities. If this problem were 
idely addressed, enormous benefit could be conferred 

n those affected by these inequalities. Transdisci-

Am J Prev Med 2008;35(2S) S221 
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linary and systems science perspectives may be valu
ble approaches for addressing health disparities and 
nequality.22 These approaches permit researchers in 
he field to step back and consider the ways that their 
cience has been framed by historical, disciplinary 
erspectives (i.e., a focus on intra-individual, molecu

ar, genetic “causes” within biomedical frames of refer
nce versus a focus on the socioeconomic forces and 
he levels of socio-environmental context, such as social 
osition and poverty, as the “causes of the causes” 
ithin ecologic frameworks). For example, a recent 

tudy used county-level geospatial and racial-group 
oding to categorize into clusters the population of the 
.S. according to expected longevity; these clusters are 

alled the “Eight Americas.”61 An incredible gap of 35 
ears of life expectancy was reported between the 
ighest and lowest life-expectancy ranks among the 
ight clusters. The lowest cluster is grouped among 
ations of the world with the lowest life expectancy 
sub-Saharan Africa and Russia) and can be viewed as 
xcluded from the gains made in average life expect
ncy in the U.S. during the entire 20th Century. Life 
xpectancy in the cluster at the high end of the Eight 
mericas exceeds that of nations whose life expectancy 

s the highest in the world (3 years better than Japan for 
emales and 4 years better than Iceland for males). 

Abrams22 suggests a new framework for integrating 
istorically disparate frames of reference from individ
al and population sciences into a new synthesis. This 
ramework would embrace a model of genes and the 
ocial and physical environments in a complex, nonlin
ar, reciprocal interaction of risk and protective factors, 
ver the lifespan and across generations.2,20,39,62 Inter
isciplinary research and systems science can perhaps 
larify the extent to which gene–environment interac
ions account for racial and ethnic health disparities 
nd improve the development of effective interventions 
nd policies to eliminate those disparities.63 

These brief examples are but a few of an increasing 
umber of approaches that use a problem-focused, 
utcomes-oriented goal to strengthen the science of 
issemination, implementation, and policy research. 
he hope is that a deeper understanding of the basic 
echanisms in complex adaptive systems will help to 

mprove the design of the next generation of interven
ions and lead to better (i.e., informed by science) 
ealth policies. Such approaches use the tools of basic 
nd applied interdisciplinary science; systems science; 
nd problem-focused, outcomes-oriented strategies to 
aximize their public health impact. 

ew Directions at NIH in Support of Interdisciplinary, 
ranslational, and Systems Sciences 

lthough OBSSR does not have grant-making author
        

ty, it partners with NIH institutes and centers to d

222 American Journal of Preventive Medicine, Volume 35, Num
  

evelop research initiatives, alternately playing a lead 
r participatory role. Since 2003, OBSSR has led the 
evelopment of a number of trans-NIH initiatives un
er the auspices of the NIH Roadmap. The three 
hemes of the NIH Roadmap are New Pathways to 
iscovery, Research Teams of the Future, and Re-
ngineering the Clinical Research Enterprise. 
Interdisciplinary research, one of the components of 

he Research Teams of the Future theme, has included 
everal initiatives specifically targeting the behavioral 
nd social sciences. The OBSSR-led initiatives Supple
ents for Methodological Innovations in the Behav

oral and Social Sciences (RFA RM-04-013)64 and Meet
ngs and Networks for Methodological Development in 
nterdisciplinary Research (RFA RM-04-014)65 sup
orted research on dietary intake, physical activity, 
hild development, stress–immune interactions, envi
onmental exposures, treatment decision making, pa
ient quality of life, gene–environment interactions, 
ain, and aging. Seven postdoctoral institutional-training 
rants were awarded under another NIH Roadmap 
nitiative, Interdisciplinary Health Research Training: 
ehavior, Environment and Biology (RFA RM-05
10).66 These programs provide formal coursework and 
esearch training in a new interdisciplinary field for 
ndividuals holding advanced degrees in a different 
iscipline. The Exploratory Centers for Interdiscipli
ary Research (RFA RM-04-004)67 program is support

ng the centers that are investigating cognition, elder 
elf-neglect, or youth vulnerability to sexually transmit
ed infections and unintended pregnancies. Another 
enter focuses on the pathways through which the 
nvironment, genetic, and psychosocial domains jointly 
hape child health and well-being. A 2007 initiative, 
acilitating Interdisciplinary Research via Methodolog

cal and Technological Innovation in the Behavioral 
nd Social Sciences (RFA RM-07-004),68 supports the 
evelopment of new and innovative measures, meth
ds, and technologies that underlie the interdiscipli
ary integration of human social science, behavioral 
cience, or both, with other disciplines across varying 
evels of analysis. Links to descriptions of the projects 
unded under these and other interdisciplinary NIH 
oadmap initiatives can be found on the NIH Road-
ap website (www.nihroadmap.nih.gov/interdisciplinary/ 

undedresearch.asp). 
Finally, one of the initiatives developed under the 

e-Engineering the Clinical Research Enterprise theme 
s the Institutional Clinical and Translational Science 
ward (CTSA; RFA RM-08-002).69 CTSAs are coopera

ive agreements to provide resources and develop 
ethodologies to overcome blocks at both the discov

ry (translation between bench and bedside) and im
lementation (translation between bedside and prac
ice and community) steps. Translational research has 
wo components: (1) applying discoveries generated 
  

uring research in the laboratory and in preclinical 
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tudies to the development of trials and other human 
tudies, and (2) research aimed at enhancing the 
doption of best practices in the community. This 
econd component of translation, that is, the science of 
issemination and implementation of best practices, 
equires strong behavioral and social sciences research. 

ramework for the Future: Office of Portfolio 
nalysis and Strategic Initiatives (OPASI) 

he NIH Roadmap is now administered by the Office 
f Portfolio Analysis and Strategic Initiatives70 

OPASI), a new office within the Office of the Director 
f NIH. OPASI has several related missions, including 
he development of methods to help the agency analyze 
nd manage its portfolio; the gathering and analysis of 
ata on the public health burden to help set priorities; 
nd the evaluation of the outcomes of NIH-funded activ
ties. A major purpose of OPASI is to provide an incubator 
pace, in the form of NIH Roadmap initiatives, to accel
rate critical research efforts that address major, cross
utting NIH priorities. The general intent of OPASI is 
onsistent with the concept of systems science across NIH 
nd the identification of new opportunities that cut across 
isciplines and across different levels (from cells to soci
ty) as well as the fostering of research that will reduce the 
ublic health burden—all of which is also consistent with 
he mission and vision of OBSSR. 

onclusion 

he sciences concerned with optimal health, well
eing, and disease management have revealed just how 
road the future world view needs to be. At the end of 
he day, the simple, single-cause, single-discipline, and 
ow, even single-level-of-analysis models—whether pre
ominantly biomedical or predominantly behavioral or 
ocial–ecologic—are increasingly viewed as necessary 
ut insufficient. This is especially true for the common, 
ost preventable, and most expensive chronic diseases 

hat afflict the vast majority of populations in the 
eveloped nations of the world and that cry out for 
esearch to provide a more timely understanding of 
asic mechanisms, better interventions, and more 
cience-informed health policy. The biomedical, reduc
ionist world view of the causes of disease and the 
ehavioral, social–ecologic world view of the “causes of 
he causes” of disease are really two sides of the same 
oin that must be merged to develop a new synthesis 
nd a more complete and useful heuristic framework to 
uide future research. 
Systems science, cyber-infrastructure, and new technol

gy may well provide the foundation stones to facilitate 
BSSR’s strategic vision: an integration of next-generation 
asic science with its applications to clinical practice, 

ommunity dissemination, and health policy; a vertical 

ugust 2008	 
         

       

ntegration from cells to society and a progression from 
nterdisciplinary science to a deeper set of transdisci
linary conceptual syntheses; and an ability to examine 
onlinear causal loops and solutions using backward 
ngineering of the complex causal pathways, starting 
rom a defined problem or pressing public health 
hallenge (like eliminating health disparities; reversing 
he epidemics of obesity, sedentary lifestyle, and type 2 
iabetes; and further reducing tobacco use and the 

ncidence HIV/AIDS). In the final analysis, the mission 
f basic and applied science at OBSSR and across the 
IH embraces a problem-focused, outcomes-oriented 

et of goals to make a timely and cost-efficient impact 
n improving the nation’s health and reducing the 
bsolute burden of disease and disability at the individ
al and population levels. 
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nown, the authors believe the reveiwers’ feedback helped 
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bstract:	 Over the past two decades a variety of national and international efforts has sought to bring 
together health and social scientists to address complex health issues. This paper reviews 
how the notion of transdisciplinary research has emerged; discusses research programs that 
have successfully traversed discipline boundaries in sustained fashion; considers facilitating 
and constraining factors that have emerged from the analyses of this process; and suggests 
next steps for conceptualizing, organizing, and assessing transdisciplinary research based 
on the notion of heterarchy. 
(Am J Prev Med 2008;35(2S):S225–S234) © 2008 American Journal of Preventive Medicine 
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ontemporary health and social scientists increas
ingly endorse research that crosses disciplinary 
lines. Health scientists often refer to social con

itions in their research on disease-specific and system-
elated problems. Similarly, social scientists working on 
opics related to health at least give a nod toward 
pidemiology. Yet 50 years after the publication of 
aul’s path-breaking book1 that pointed to the gener
tive results of social scientists reaching out to address 
ealth problems, research that consistently and cre
tively crosses disciplinary, departmental, and faculty 
ines remains relatively difficult to initiate, fund, pub
ish, and sustain. 

In this paper we offer, first, a contribution to under
tanding the programmatic and scientific context in 
hich the concept of transdisciplinary research linking 

he health and social sciences emerged as an attempt to 
ove beyond conceptual and institutional inertia. The 

ocus is on Rosenfield’s 1992 paper2 because it has 
erved as an entry point for much of the current 
iscussion of health research across disciplinary bound
ries. We then consider ideas resulting from contem
orary research programs that, consistent with that 

nitial analysis, have successfully traversed discipline 
oundaries in sustained fashion and, in some instances, 
chieved levels of integrative creative collaboration. 
hese considerations suggest the persistence of factors 

hat constrain boundary-crossing inquiry but also find
ngs that point to the rich promise of such integrative 
nquiry. Finally, we suggest possible next steps that may 

rom the University of New Mexico (Kessel), Albuquerque, New 
exico; and the Carnegie Corporation of New York (Rosenfield), 
ew York, New York 
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erve as a catalyst for promoting and guiding the 
onduct of transdisciplinary research. 

he Concept of Transdisciplinarity: 
arallel Developments 
orld Health Organization 

n the late 1970s, Patricia Rosenfield joined the WHO 
s the economist for the Tropical Disease Research 
TDR) program and responsible for its Social and 
conomic Research (SER) Steering Committee. Even 
ith supportive TDR leadership, she found a situation 

imilar to what George Foster,3 a pioneer in medical 
nthropology, later described as a challenge at WHO 
ince its founding. The early (1947) commitment of 
hose “far-sighted medical doctors and international 
ealth workers [who] began to realize that the effective 
elivery of health care, especially in cross-cultural set

ings, involved sociocultural as well as purely medical 
actors,”3 was not being fully honored. For example, the 

edical staff would usually ask social scientists to pro
ide manuals and develop questionnaires but not to 
dentify the social and behavioral factors that might 
nform a deeper understanding of communities’ health 
onditions. Foster also observed that the review process 
or research support at WHO entailed primarily medi
al doctors evaluating social science proposals. As a 
esult, social scientists were only rarely full-fledged 
embers of the health team. 
The SER committee, however, had several advan

ages that enabled it to overcome the constraints noted 
y Foster. First, the TDR program was funded as an 
xtra-budgetary program; several donors (notably from 
candinavian countries and the World Bank) insisted 
hat social and economic factors be studied along with 
iomedical factors in the analysis of disease transmis
ion and control. Also, the SER steering committee was 

omposed primarily of social scientists charged with the 

0749-3797/08/$–see front matter S225 
Elsevier Inc. doi:10.1016/j.amepre.2008.05.005 

mailto:plr@carnegie.org


r
m
k
o
l
t
s
s
v
c
f
d
m
o

t
c
o
s
t
i
s
w
e
i
e
a
s
s
n
t
a
i
p
v
c

fi
b
c
s
a
d
t
a
a
s
l
d
d
p
s

t
r
c
w

D
t
t
m
v
b
u
t
a
r
u
t
w
v
c
l
o
b
a
a
s

E

P
p
a
J
T
E
o
t
t

t
s
t
W
t
t  
r

a

g
b

a
p
t
t
t
o
r

S

esponsibility of reviewing and funding proposals sub
itted by teams of social and health scientists, ensuring 

nowledge of and respect for the social science aspects 
f proposals. Further, the committee was part of a 

arger biomedical program with equal standing to all 
he other committees (e.g., epidemiology, biomedical 
ciences, and several disease-specific groups). This 
tructure constituted a considerable organizational ad
antage, providing access to WHO disease-control spe
ialists and the health policy aspects of projects. It also 
acilitated collaboration with health ministries, national 
isease-control programs, public health institutes, and 
edical schools, as well as social science programs and 

ther ministries. 
In its early stages, the committee still faced some of 

he constraints noted by Foster,3 notably problems of 
redibility and legitimacy within WHO.2 Staff malari
logists, for example, were convinced that they under
tood communities better than social scientists because 
hey were in the field spraying mosquitoes after obtain
ng local permission. Other disease and vector-control 
pecialists felt that adding social scientists to the team 
ould waste time and money. Nevertheless, social sci
ntists in developing countries were willing to engage 
n research with their counterparts in the health sci
nces and health ministries. Together they developed 
nd implemented projects that won over many of the 
keptics inside WHO, in ministries, and academic 
ocial science departments. As a result, interdiscipli
ary teams tackled such topics as knowledge of disease 

ransmission, attitudes toward disease-control programs, 
nd new methods focused, for example, on household 
nstead of individual units of analysis. These teams 
roduced results that helped communities and inter
ention programs reshape their approaches to disease 
ontrol.2 

Notwithstanding the success of this process, Rosen-
eld became concerned that cross-disciplinary work was 
ecoming a fad within WHO, rather than a theoreti
ally and methodologically sound approach for re
earch leading to changes in the delivery of health care 
nd disease control. In particular, terms such as multi
isciplinary were often used without sustained attention 
o the fundamental question: How can collaboration 
cross disciplines lead to new ways of framing, understanding, 
nd addressing human health issues? Her concern was that 
uperficial use, or even misuse, of such terms would 
ead to recommendations for changes in the design and 
elivery of health programs that could waste resources, 
ash raised expectations, and even eliminate the op
ortunity for effective partnerships between heath and 
ocial scientists. 

Given this concern, Rosenfield decided to examine 
he meaning of multidisciplinary and interdisciplinary 
esearch as expressed by her health and biomedical 
ounterparts. Reviewing projects supported by TDR, as 

ell as programs outside of WHO such as the Applied 

r
T

226 American Journal of Preventive Medicine, Volume 35, Num
iarrheal Disease Research Program,2 she concluded 
hat the problems Foster3 had identified persisted in 
he 1990s, and not just at WHO. What was called 

ultidisciplinary or even interdisciplinary research in
olved primarily separate input of different disciplines, 
ut not creative ways to blend those to yield deeper 
nderstanding of the problem or integrative solutions 
hat would be both more acceptable to the population 
t risk and more cost-effective in the long run. This 
ecognition—that terminology was fuzzy, leading to 
nmet expectations and limited usefulness of results 

hat did not match some of the associated claimsa—is 
hat prompted her 1992 paper.2,b And as clearly con
eyed by other papers in this supplement to the Ameri
an Journal of Preventive Medicine, this analysis—both 
inguistic and conceptual—has helped stimulate a body 
f work aimed at further clarifying the distinctions 
etween different forms of cross-disciplinary research 
nd underlining the value-added contributions of using 
 transdisciplinary framework for both the analysis and 
olution of health problems. 

urope and the U.S. 

aradigmatic change was taking place elsewhere, both 
rior to and in parallel with the efforts at WHO. As early 
s 1970, writing about different forms of knowledge, 
udge and Clark5 had used the term trans-disciplinary. 
hrough the 1970s and 1980s, several scholars in 
urope and some in the U.S.—primarily from the areas 
f ecology, computers, and complexity analysis—began 
o consider the meaning and use of the concept of 
ransdisciplinarity.5,6 

Then, in the early 1990s, with an increasing recogni
ion of complexity associated with globalization, the 
ocial science community in Europe began to consider 
he concept of transdisciplinarity.7,8 In 1994 the First 

orld Congress of Transdisciplinarity was held in Por
ugal and a charter of transdisciplinarity endorsed by 
he participants. Article 14 of the Charter, inter alia, is
elevant for current discussions in the health field: 

Rigor, openness, and tolerance are the fundamental 
characteristics of the transdisciplinary attitude 
and vision. Rigor in argument, taking into account 
all existing data, is the best defense against possi
ble distortions. Openness involves an acceptance of 
the unknown, the unexpected and the unforesee

On the persistent issue of fuzzy terminology, see our closing para
raph below and reference 4. 
It is encouraging to note that the SER work thrives in 2007 as an 
ctive part of the TDR Programme, funding research and training 
rojects in the developing world. Moreover, at a recent TDR meeting, 

he Ghanaian Minister of Health, Major Courage Quashigah, noted 
he following: “There’s nothing more powerful than an idea whose 
ime has come . . .  Although this meeting is focusing on health, the 
utcome is about how effectively we formulate policies that can help 
educe the disease burden in developing countries. To do this, health 

esearch must increasingly have a social and ethno-cultural outlook.” 
DR NEWS, Special issue from Africa, October 2006, p. 4. 
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able. Tolerance implies acknowledging the right to 
ideas and truths opposed to our own.7,8 

Since then, as Klein9—a leading analyst of transdis
iplinary research approaches—elucidates, the domain 
as burgeoned, as signaled by annual prizes to recog
ize excellence in transdisciplinary research, the estab

ishment of an Institute in Switzerland, a journal, and 
n increasingly active presence on the web.10–12 More
ver, the Strategic Plan of the European Science Foun
ation for the period 2006–2010 mentions not only 
ultidisciplinary and interdisciplinary research, but 

lso refers to transdisciplinary work in the Humanities 
ection, highlighting health and disease as a major 
heme.13 

Finally, in 2006 Stokols extended the examination of 
ransdisciplinary approaches to a level that includes 
ttempted links between research and broader ac
ion.14 Pooling multiple approaches from research and 
ction in his comprehensive review, Stokols outlined 
programmatic directions for the scientific study of 
ransdisciplinary research and community action . . . to 
dentify strategies for refining and sustaining future 
ollaborations (and their intended outcomes) among 
esearchers, community members and organizations.”14 

long with his other writings, Stokols’ work clearly com
lements the analysis provided here and elsewhere.15,c 

xtending the Concept: Illustrative Cases 
eveloping Countries 

s a further notable development in the 1990s, the 
oncept of transdisciplinary research across the health 
nd social sciences was taking hold in the developing 
orld. Spurred primarily by the innovative work at the 
niversity of Newcastle (Australia) under the leader

hip of Albrecht and Higginbotham, social and health 
cientists began to produce conceptual analyses and 
mpirical findings in the area of transdisciplinary 
ealth research.16 –18 Higginbotham et al.19 also took 
p the challenge to institutionalize the concepts under
inning transdisciplinarity and developed the first cur
iculum based on this approach, a curriculum still in 
se at Newcastle for programs in ecosystem health.d 

Recent initiatives reviewed in the Kessel and Rosenfield preface15 

nclude programs of the Canadian Institutes for Health Research that 
re strikingly consistent with Stokols’ focus on community-oriented, 
ction research. 
It should be noted that some of the Higginbotham et al.19 initiatives 
ere supported by Rosenfield after she joined Carnegie Corporation 

n 1987, with the encouragement of David Hamburg (then the 
orporation President). But other foundations and agencies joined 

he effort, notably the Ford Foundation, the Rockefeller Foundation 
nd the Canadian-based International Development and Research 
enter. Probably because electronic networking was not well devel
ped, this collaboration took place separately from European efforts, 

s well as from NCI’s leadership initiatives in the area of transdisci
linary research on tobacco. s

ugust 2008 
In 2002 Higginbotham20 and his colleagues pub
ished a book containing interdisciplinary case studies 
ndertaken in 1990s. Each of the sections reviews the 
tate of knowledge and action in a different region— 
sia and the Pacific, Africa, and Latin America. Given 

he importance, if not uniqueness, of these analyses of 
ealth and social science collaboration throughout the 
eveloping world, they warrant in-depth study. Here, 

he emphasis is on only a few central points. 
Social scientist Ramos-Jimenez21 notes the wide 

ange of health conditions in the Asia-Pacific region 
nd the substantial number of scientists, nearly 1000, 
nvolved in health social science research. Nevertheless, 
he also underlines the challenges in crossing “rigid 
isciplinary boundaries,” including the need for better 

raining, material and demonstrations of the actual 
pplication of interdisciplinary and transdisciplinary 
esearch approaches. She points to effective cases of 
nterdisciplinary research on chronic diseases, such as 
eart disease, and use of services that are helping to 

ncrease understanding and support for interdiscipli
ary research. 
In Africa, sociologist Erinosho22 notes the commit
ent of social scientists to work on health issues, but 

lso observes that “a gulf between social and biomedical 
cientists remains because African biomedical scientists 
nly grudgingly accommodate social scientists working 
ithin medical school[s] . . .”22 Yet in some domains, 

uch as work on traditional medicine and HIV/AIDS, 
here has been increasing collaboration around the 
ssues of culture-bound programs and the use of eth
ographic research. However, despite this critical mass 
f committed individuals in both regions (Africa and 
sia–Pacific), familiar challenges abound, most notably 

n building and sustaining a sense of partnership across 
he disciplines and with practitioners and health service 
ecision-makers. 
In contrast, sociologist Briceno-Leon23 observes that 

n Latin America there has been “. . . long felt appreci
tion of social issues shown by a number of the region’s 
hysicians and public health specialists . . .  Many stressed 

n their writings and actions the importance of society, 
he environment and people’s ways of living toward 
nderstanding health.”23 Recently, increased opportu
ities for collaboration of medical and social scientists 
ave emerged at the community and policy level, 
specially around disease-specific concerns, so that “po
ential areas of work and encounter [across fields] have 

ultiplied. The relationship between the social sciences 
nd health is very diverse but also characterized by enor
ous theoretical wealth and reflection.”23 

Only one case study in the Higginbotham volume 
xplicitly uses a transdisciplinary research framework. 
pplying the framework to assess the rational use of 
rugs programs in Indonesia, Hadiyono,24 a clinical 
sychologist, describes the challenge of health and 

ocial scientists working together as equal partners. 

Am J Prev Med 2008;35(2S) S227 
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ased on observations as her team moved through 
tages from multidisciplinary and interdisciplinary to 
ransdisciplinary collaboration, this analysis of the pro
ess yields lessons for those committed to achieving a 
ransdisciplinary research program—namely, the im
ortance of team members’: 

 willingness to commit sufficient time to such collab
orative endeavors, 

 openness to learning each other’s disciplinary lan
guages and jargon, 

	 capacity to build mutual confidence and trust, in
cluding with community members and practitio
ners, and 

	 overcoming the challenge of working as equals, with 
no knowledge or discipline or practice assuming 
priority. 

Consistent with Stokols’ writing cited above, Hadiyono 
oncludes by noting that these studies also brought 
ractitioners and community members together as 
ctive participants in the process. 

Reviewing their illuminating case studies, Johnson 
nd colleagues25 underline challenges and opportuni
ies encountered by social and health scientists who 
eek to cross discipline boundaries, suggesting that 
uch factors are at work in both developed and devel
ping countries. These include: 

	 the difficulties of defining roles for team members— 
scientists and researchers, community members and 
health services personnel—to enable complemen
tary learning and blending expertise and skills at 
different stages of the research and application 
process; 

	 the need to avoid defining the problem either in a 
narrow, reductive way or so broadly that it becomes 
practically uninterpretable; and 

	 the need to overcome discipline rigidity and hyper-
specialization as barriers to theoretical and method
ologic innovation. 

Finally, Johnson and colleagues25 conclude that, 
espite such challenges, the promise of transdisci
linary research flows from the recognition that “health 
ocial science becomes most effective when the group 
ngaged with the problem adopts transdisciplinary 
hinking. That is, they transcend disciplinary bounds to 
ynthesize knowledge about the problem in the quest to 
nderstand it fully as a complex dynamic system.”25 

he U.S. and the United Kingdom 

he National Cancer Institute (NCI)’s 2006 Confer
nce on the Science of Team Science that stimulated 
his article was a turning point in building understand
ng and acceptance of the need for transdisciplinary 
esearch in health. It is not a coincidence that NCI 

rovided sponsorship. There is ample evidence that p

228 American Journal of Preventive Medicine, Volume 35, Num
IH support for scientific innovations has been indis
ensable in promoting and sustaining research collab
ration across the health and social sciences. 
As only one example, the volume edited by Frank 

essel et al.26 was supported by the NIH Office of 
ehavioral and Social Science Research (OBSSR); and 

everal of its case studies illustrated creativity in NIH 
unding mechanisms, notably at the National Institute 
f Aging (NIA). NIH was not the only important institu
ional catalyst, however. Around 1980 the MacArthur 
oundation began supporting research networks aimed 
t establishing connections across disparate research 
reas, disciplines and universities. And several uni
ersities, such as Duke, Wisconsin, and the University 
f California at San Francisco (UCSF) were early lead
rs in encouraging interdisciplinary or transdisciplinary 
nitiatives (although not explicitly under such rubrics). 

In the 5 years since the Kessel et al.26 collection of 
ase studies was published, the boundary-crossing trend 
as not only continued, but also become stronger. The 
evised edition27 documents, most significantly, that 
ach of the research teams has been able to stay 
ogether and even expand around the core of their 
esearch efforts, despite occasional changes in leader
hip and membership. 

One reason for such continuity is sustained funding 
rom foundations and government (in the U.S. and 
K), as well as from researchers’ home universities. A 

omplementary explanation could be that sustained 
unding comes about because of the intellectual depth 
he teams are bringing to understanding problems, 
long with the significance of their findings and solu
ions in the field. In other words, like the transdisci
linary tobacco-oriented work funded by NCI, such 
esearch programs have at least the potential to make a 
ositive difference in academia, health programs, and 
ouseholds. 
Two noteworthy examples of this trend are the case 

tudies prepared by Olshansky and Carnes,28 and Ryff 
nd Singer.29 Olshansky and Carnes note that “in the 
emographic and population sciences, NIH promoted 
he development of interdisciplinary science by solicit
ng planning centers through the P20 mechanism 
research program project grants) as a way to encour
ge research consortia to develop new interdisciplinary 
pproaches to solving complex important biomedical 
esearch problems.”28 Their own area of biodemogra
hy has benefited from this support. Olshansky and 
arnes also predict that, as a result of NIH acceptance 
f multiple investigators, there will be fewer “penalties 

mposed by promotion and tenure committees on 
ndividuals who participate in collaborative activities.” 
heir conclusion: “It is change at NIH that ultimately 
rives the perceptions and generates a support for 

nterdisciplinary collaboration at universities and de

artments, not the other way around.”28 

ber 2S www.ajpm-online.net 



S
b
p
a
s
s
T
(
t
s
‘
e
w
e
b
o
p
k

o
r
n
i
t
b
p
t
a

K
m
o
a
C
c

t  
h
l
p
s
h
a
w
“
e
h
n
t
b

e

c
w
l
m

o
p
a
m
b
r
U
p
c
S
f
n
t
h
c
v

C
C
f
f
p

p
r
v
c
n
t
I
i
a
f
r
p
a
t
m

f

A

Similarly, in their chapter Postcript, Ryff and 
inger29 observe that obstacles to conducting cross-
oundary work, especially those relating to funding and 
eer-review publications, appear to be weakening. As 
n important example, NIA has awarded their team a 
izable grant to study the biological, psychological and 
ocial pathways to positive and not-so-positive health. 
his will entail a follow-up of their earlier MIDUS 
Midlife in the U.S.) work, originally with support from 
he MacArthur Foundation. They note that “the initial 
tudy . . . has  become a major forum for publishing 
integrative studies’ that cross disciplinary lines in an 
ffort to understand age-related variation in health and 
ell-being.”29 The new NIA P01 program support has 
nabled the addition of a longitudinal survey as well as 
iomarkers. Concerned about therapy and applications 
f their findings, Ryff and Singer are also seeking to 
artner with researchers engaged in interventions, a 
ey prerequisite for ultimately reaching practitioners. 
These examples illustrate how the enhanced quality 

f research conducted by cross-disciplinary teams has 
esulted in positive decisions by funding agencies, 
otably NIH. Such increased support, as noted above, 

ncreases the likelihood that universities will respond to 
he incentives of resources and prestige, for example, 
y recognizing the value of such research through 
romotion and tenure decisions that celebrate rather 

han penalize collaboration and resulting, multiple-
uthored publications. 

Complementing these cases, two chapters in the 
essel et al. volume reflect the experiences of a large 
ulti-member team based in one center and reaching 

ut to many others: Marmot30 in the studies of aging 
nd the social gradient in the UK, and Chesney and 
oates31 in their research on HIV/AIDS in San Fran
isco (and elsewhere). 

Marmot’s case30 involves an extensive study of aging 
hat is “both multidisciplinary and interdisciplinary . . . [It
as] major content in economic, health–clinical, bio

ogical and health care and its determinants, social 
articipation and cognitive psychology”30 and involves 
cientists from several relevant disciplines. (Marmot 
imself is an epidemiologist.) The multidisciplinary 
spect of the initial study entailed “each discipline 
orking on its own area.” But now Marmot reports 
a flourishing interdisciplinary environment. For 
xample . . .  there’s the usual debate as to whether 
ealth leads to socioeconomic position or socioeco
omic circumstances lead to health. Collaboration be

ween biological sciences and economists show that 
oth are true.”30,e 

Collaboration between epidemiologists and economists has yielded a 
omparison of the social gradient in health in English and American 
hite men and women. Since one finding is that the Americans are 
ess healthy than the British, Marmot’s research has stimulated much 
edia attention.32,33 c

ugust 2008 
Marmot reports that recognition of the significance 
f such findings and the interdisciplinary research 
rocess have enabled the center to become formalized 
s an Institute where members draw on other depart
ents and disciplines in the UK and collaborate with 

iomedical and social scientists in Latin America, Af
ica, and Asia. Building on their policy work within the 
K, Marmot’s team has moved into the global health 
olicy realm through involvement with WHO. Specifi
ally, the Institute serves as host of the Commission on 
ocial Determinants of Health: “The Commissioners, 
rom every region of the world, have expertise in a 
umber of areas apart from health. A major aim . . . is 

o convince governments and others that planning for 
ealth has to involve sectors other than ‘health’; and to 
onvince other sectors that [their] policies . . . have 
ital importance for health.”30 

Updating their chapter on HIV/AIDS prevention, 
hesney and Coates31 describe the changes in the 
enter for AIDS Prevention Studies (CAPS) since its 

ounding in 1986.f They identify the organizational 
eatures that have kept the Center functioning 
roductively: 

Scientific innovation depends on structure, process 
and people. The center grant provides the struc
ture to stimulate new ideas and organize research 
projects into coherent programs addressing the 
full range of HIV/AIDS prevention policy issues. 
The Center has developed a process that encour
ages concepts to be developed into innovative 
research projects . . . and  allows us to bring to
gether the people . . . The Center is a place for 
sustenance of scholars devoting their careers to 
this effort and for the training of new scholars, 
domestically and internationally, so that the field 
can respond to future challenges.31 

The Center for AIDS Prevention Studies now encom
asses research across the spectrum of HIV/AIDS– 
elated concerns, for example, oral acquisition of the 
irus by infants, medication adherence, and household 
oping mechanisms; HIV-prevention research in mi
ority communities, involving scientists from universi

ies in the U.S. and Puerto Rico; and policy and ethics. 
t also has strengthened ties to biomedical and clinical 
nvestigators at UCSF and to researchers in Africa, Asia, 
nd Latin America. In addition, CAPS had received 
unding for training in prevention, dissemination of 
esults, and translation of research into practice. Im
ortantly in this context, Chesney and Coates31 note 
pprovingly the importance of the flexible mechanisms 
hat NIH has now established with regard to the P30 

echanism. 
As the current director of CAPS, Stephen Morin contributed to the 
hapter Postscript. 
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able 1. Factors facilitating and constraining transdisciplinar

actor Facilitating 

ocus on major problems PIs able to bring researchers 
disciplines and program-un

eam members (PI et al.) Possess complementary and i
Able to develop common lan
Positive open attitude 
Appreciative of others’ knowl
Shared understanding of scie
Mutual trust and respect 
Open to mentoring others 

raining Complementary training 
Mentored as grad students to

transdisciplinary research t
SERCA grants for training in

nstitutions 

echnology 

unding 

ublication 

Support, promote, and fund 
networks, and teams across
departments, and medical a
science faculties on same c

Facilitate communication eve
and researchers physically d

Foundations and government
network/team approach (e
NIH) 

I, principal investigator; SERCA, Special Emphasis Research Career

In our view, the potential for CAPS to become truly 
ransdisciplinary is embedded in all of its projects and 
uccesses, even though Chesney and Coates31 write of 
hemselves as doing “multidisciplinary research.” More 
enerally, in a manner similar to tobacco research, the 
elds of both HIV/AIDS and aging research appear to 
e promising foci for transdisciplinary attention. Be
ause of their productivity and success, both domesti
ally and internationally, Marmot’s Institute and CAPS 
erve as prototypes that should promote new integrative 
hinking in these fields. 

ssues and Implications from Review of Cases 

rawing on all the case studies in the Rosenfield and 
essel volume, we previously analyzed the factors and 
ircumstances that facilitate and constrain innovation 
t the boundaries of the health and social sciences.4,g 

eflecting on the primary theme of the NCI confer
nce, viz., the evaluation of team science, we have 
evisited that analysis and sketched those factors that 

In the course of that commentary, distinctions among multidisci

linary, interdisciplinary, and transdisciplinary research were 
resented.4 

f
p
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Constraining 

her across 
 themes 

Some areas seen as unrealistic 
Lack of integrative research framework 
Few “how-to” models 

cting skills 
 

 problem 

See skills as competitive 
Tension between solo and collaborative 

work 
Power–prestige differences social and 

medical sciences 
Worry about diffusion of focus and loss of 

identity 
Research seen as time-consuming/multiple 

projects 
Disincentive for practitioners 
Sharing credit affects promotion, tenure, 

publications, funding 

icipate in 

field 

Historical barriers across fields 
Location of departments 
Funding limited 

rs, 
plines, 
ocial 
s 
en teams 
sed 
ort 
acArthur, 

Rigid university policies 
Centers lacking funds 

Grant applications more challenging, time-
consuming 

Journals discourage multiple authors 
Peer review hard to judge 
Need to frame more narrowly 

d 

ppear most salient for transdisciplinary team science 
n Table 1. 

Several of the factors listed in Table 1 also emerged 
s central themes at the NCI conference. For example, 
he focus on a complex problem provides the unifying 
ulcrum for any successful team.h Given such a problem 
ocus, team members can understand where their tal
nts can be used and recognize the value of other 
ompetencies and perspectives. Further, to achieve 
uch shared understanding, there is a need to establish 
 common, or at least mutually understood, language. 
e therefore suggest that along with establishing re

pect for the contributions of others, perhaps the first 
tep toward building a transdisciplinary team is to 
evelop a common understanding of the dimensions of 
n energizing problem, whether tobacco-related ill
esses, HIV/AIDS, or cardiovascular diseases. 

“What might be called the-problematic-of-the-problem warrants 
urther analysis since, in scientific practice, what constitutes ‘the 
roblem’ is often the function or expression of a particular theoret

cal or disciplinary paradigm. How then do potential collaborators 
y tea

toget
ifying

nterse
guage

edge 
ntific

 part
eam 
 new 

cente
 disci
nd s

ampu
n wh
isper
 supp
.g., M
rom different disciplines work their way toward a definition of ‘the 
roblem’ that unites rather than divides them?”4 
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Two crucial elements for achieving such understand
ng relate closely to the training of team members and 
he institutional base for the project or program. Re
earchers who, as graduate students, medical students, 
r post-doctoral students, acquire understanding about 
he potential for transdisciplinary research will learn 
ow to respect the value and values of others and to 
orry less about submerging their professional iden

ity in the team process. And to provide a broad 
oundation for such a process, the institutional infra
tructure of scientific research— universities, jour
als, and funders—all need to be aligned in support of 

ransdisciplinary team science. Moreover, issues such as 
romotion, tenure, barriers between departments and 
aculties, authorship, peer review and grant applica
ions can either support team science or constitute 
imiting factors. Such findings are reinforced by the 
005 National Academies report,34 where the table of 
acilitating factors maps on to Table 1 here and to 
osenfield and Kessel’s earlier analyses.4 

In their overview of the NCI conference papers, 
tokols et al. elaborate on these and other concerns, 
ncluding the importance of evaluating the distinctive 
ature of the results of transdisciplinary team science 
here “the scientific, educational and translational 
ims of TS [team science] are highly diverse.”35 They 
lso refer to the antecedents for successful collabora
ion, including team members’ readiness. Nash,36 in 
articular, provides important specificity on the neces
ary reorientation of training programs and supportive 
nstitutional settings, including ways to promote trust, 
hared competencies, and intellectual risk-taking. 

Concern about sustained funding was a consistent 
heme at the 2006 NCI conference, as was the recogni
ion that NIH support has made possible the innovative 
ransdisciplinary team science reported there. More
ver, such endorsement remains vital for garnering 
nancial and intellectual support from foundations 
nd universities. With this in mind, it is worth highlight
ng several NIH funding mechanisms that have been 
oteworthy in facilitating sustained transdisciplinary 

nnovation: 

 The NIH Road Map prompts support across individ
uals and centers; 

 P20 Mechanism for research consortia; 
 R03 for graduate training; 
 NIA support for inter-university teams, randomized 

control trials, and longitudinal studies; and 
 overall NIH recognition and acceptance of multiple, 

team-based investigators drawn from the full range 
of medical, health, and social sciences. 

hat’s Missing, What’s Needed, What’s Next? 

iven these conclusions regarding increased recogni

ion of the value of transdisciplinary science and its 

M
c

ugust 2008 
ustained funding, what’s next? One issue raised by 
everal contributors to the NCI conference is the 
hallenge of forging a range of models and methods for 
eam science.35 More broadly, what ideas might help 
hape emerging and evolving team explorations of 
ealth across diverse disciplinary boundaries in the 
irection of authentic transdisciplinarity? Comple
enting the NCI conference papers, Higginbotham 

t al.20 pointed to the salience of complexity theory and 
etwork theory, and the use of cyber-infrastructure. 
imilarly, the recent European Science Foundation 
trategic Plan calls team science “synergy science” and 
ncourages further exploration of the research process 
long with ways to reshape discipline structures.9 

The multiplicity of disciplines, departments, institu
ions, investigators and sites implied by these views and 
nherent in the organization of transdisciplinary re
earch as team science has led us to consider what kind 
f conceptual framework might help shape and sustain 
he evolving exploration of health across all these 
oundaries. Echoing Foster’s decades-old concern,3 

he issue is whether, absent explicit efforts to establish 
ertain characteristics of transdisciplinary team science 
nd even with the best of innovative intentions, a 
amiliar regressive pattern might emerge; that is, where 
esearchers engage in projects involving multiple disci
lines that are hierarchically structured. Is there an 
lternative to such hierarchical structuring? 

In the original commentary on case studies of suc
essful interdisciplinary collaboration, inspired by Ca
ioppo’s writings and his research with Berntson,37 we 
uggested that the concept of heterarchy provides an 
nsightful frame for addressing “human and social 
roblems that are patently complex, multidimensional, 
nd interactive (over time and space).”4 First intro
uced in 1945 by McCulloch, one of the pioneers in 
ognitive science,38 the concept has been used by 
aleoanthropologists as they reconsidered the organi
ation of human relations in early human society. 
otable among them, Crumley39 defined heterarchy as 

he “relation of elements to one another when they are 
nranked or when they possess the potential for being 
anked in a number of different ways.”39 (See also von 
oldammer et al.40) 
Several years later the notion of heterarchy is being 

xplored in an increasing variety of areas.i Most rele
ant here, Crumley48 presents heterarchy as a “robust 
ocial theory” because it explicates conditions for selec
ion of an analytical framework that can address the 
ollowing kinds of questions: 

These range from domains close to McCulloch’s original scientific 
nterests41 to areas further afield such as evolution,42 ecology,43 and 
ocio-political development,44 and yet others that circle back to his 
assion for philosophy45 and even poetry.46 The single best sign of 

cCulloch’s intellectual reach comes via the description of his 

ollected papers at the American Philosophical Society.47 
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 How adequate is a model in relating the micro 
(individual) level to the macro (social) level? 

 How adequate is a model in relating the conscious 
agency of social actors to the social structure in 
which they operate? 

 Can a model provide an explanation for discontin
uous and foundational changes in the system as a 
whole? 

Such analyses have convinced us that viewing various 
acets of the scientific landscape through a heterarchi
al lens has significant power. In one direction, there 
re implications for how trans-boundary science is 
rganized and institutionalized, with emphasis on “a 
etwork of elements [in this context, disciplines] shar

ng common goals in which each element shares the 
ame ‘horizontal’ position of power and authority, 
ach having an equal vote . . .  Socially, a heterarchy 
istributes privilege and decision-making among 
articipants . . . In  an  organizational context, [heterar
hy’s] beauty is the way in which it permits the legiti
ate valuation of multiple skills, types of knowledge or 
orking styles without privileging one over the other.”j 

n another, complementary direction, the research of 
erntson and Cacioppo,37 Ryff and Singer,29 and oth
rs demonstrates that understanding the rich complex
ties of human life (e.g., health processes and out
omes) is most likely to emerge via work that embraces, 
n theory and research practice, integrative levels of 
nalysis. Berntson and Cacioppo’s principles of “multi
le, non-additive, and reciprocal determinism” are im
ortant corollaries of integrative analysis.37 

How, then, to conceive of the link between heter
rchy and transdisciplinarity? Our propaedeutic 
roposition—If transdisciplinarity is the approach for 
ombining-cum-transcending disciplines in integrative, cre
tive, “emergent” ways, heterarchy is both a heuristic metaphor 
nd a potential analytic framework for operationalizing and 
anaging such an approach. 
In less abstract terms, our earlier description of the 

APS foreshadowed a heterarchical frame of that trans-
isciplinary team. First, the Center’s NIH center grant 
ad made it possible to distribute resources for re
earch and training over time and space. Second, 
hanges in leadership have underlined that “rankings” 
f staff and discipline are constructively fluid. Third, as 
 central corollary, no discipline or perspective has 
ermanent authorization over any others. As Chesney 
nd Coates31 point out, the Center has been the hub 

This quote comes from the Wikipedia entry for “heterarchy.” Appro
riately so, given another part of that entry–“A heterarchical struc
ure processes more information more effectively than hierarchical 
esign. An example of the potential effectiveness of heterarchy would 
e the rapid growth of the heterarchical Wikipedia project in 
omparison with the failed growth of the Nupedia project. Heterar

hy increasingly trumps hierarchy as complexity and rate of change 
ncrease.” See also Crumley (2007).49 r

232 American Journal of Preventive Medicine, Volume 35, Num
rom which change has emanated—changes in leader
hip, investigators, research topics, and funding. The 
verarching focus has been on the process that leads to 
he most dynamic yet flexible operational style for 
xamining the many levels and dimensions of HIV/ 
IDS prevention and control, from biomedical to 
ublic outreach, from the U.S. to many other coun
ries. CAPS, in other words, is more than a network; 
t is a heterarchical arrangement of people and 
rojects where processes supporting innovation are 
aramount. 
Our extension of the concept of heterarchy moves it 

rom analysis of complex social systems per se to the 
ealm of organizational arrangements that can enhance 
he capacity to conduct and sustain team science 
round multi-level, multi-layered health issues located 
n dynamic social and cultural contexts. Drawing from 
he field of management science, where heterarchy is 
sed as an analytical concept for research on corporate 
ffectiveness,50,51,k and prompted by CAPS and other 
ase studies in Kessel et al.,27 we propose some initial 
uidelines for the understanding and assessment of 
eam science capacity: 

 establish degrees of flexibility in ranking of leaders, 
disciplines, and topics in the conduct, sequencing 
and re-sequencing of research activitiesl; 

 assess resilience in responding to changing condi
tions that require re-thinking basic premises (theo
retical or methodologic), as well as effectiveness in 
communicating those changes to different constitu
encies; and 

 assess team effectiveness in bridging multiple con
texts within the same geographic site or across sites. 

Finally, with such starting guidelines in mind, and 
iven that NIH has developed a series of flexible 
unding mechanisms to facilitate complex research 
ndeavors, we suggest that a creative next step in the 
rocess of conceptualizing and evaluating transdisci
linary team science would be to bring together scien
ists conducting boundary-crossing research and schol
rs engaged in elucidating the concept of heterarchy. 
ne primary purpose of such a conversation would be 

o continue clarifying and sharpening the distinctions— 
n principle and practice—among multidisciplinary, 
nterdisciplinary, and transdisciplinary research. More 
roadly, the goal would be to shape reflective substan
ive and organizational practices on the part of the next 
eneration of transdisciplinary team scientists commit
ed to examining the cultural and social systems in 

From 1999 to 2001 the Center for Organizational Innovation at 
olumbia University held a “Heterarchy Seminar”. And von Goldam
er et al.40 have applied the concept of heterarchy to decision-
aking in multiple contexts. 

40 
von Goldammer et al. refer to this as “reverse osmosis” of the 
esearch process. 
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hich biomedical health conditions are reciprocally 
nd, indeed, heterarchically situated.m 

an Stokols and his colleagues Kara Hall, Rick Moser, and 
randie Taylor exemplify the gold standard in cross-disciplinary 
ollaboration. We greatly appreciate, and value, their gener
us and creative collegiality. 
No financial disclosures were reported by the authors of 

his paper. 
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hen Douglas Engelbart of the Stanford Re
search Institute (SRI) began refinements on 
an input device to simplify access to comput

ng systems in 1962, he was setting into motion a 
ascade of events that would ultimately alter the ways in 
hich scientists worked together. Colloquially, Engelbart 
eferred to his prototype pointing device as a “mouse,” a 
ame he gave to the handheld unit when observing that 

he cord coming out of the back-end looked distinctively 
imilar to a tail (the technical name for the patent was the 
-Y Position Indicator for a Display System). Most 

omputer users today recognize the mouse as a main
tay of graphical user computing: a way of pointing, 
licking, and dragging “virtual” objects onto either a 
ersonal or shared workspace. What users do not 
ecognize is that the invention came out of a radically 
ew way of thinking about knowledge and science. 

he Mouse That Roared 

hat Engelbart and his colleagues set out to do in 1962 
as alter the social cognitive environment, or social 
cology,1,2 in which an “augmented”3 science would 
ake place. Unabashedly, the group had been influ
nced by the writings of Benjamin Lee Whorf,4 who 
uggested that language as a human invention could 
nfluence the sophistication of thought: The better and 

ore complete the system for symbolic representation, 
he better and more sophisticated the intellect it en
bled.4,5 Engelbart and his colleagues reasoned that 
lectronic computer systems represented a natural ex
ension of this thinking, as electronic systems were 
hemselves frameworks for organizing symbolic repre
entations. If the systems could be engineered cor
ectly, they could be used to extend capacity in science. 
ecognizing that systems and science must co-evolve, 

he group introduced the term bootstrapping 6,7 (liter
lly, to lift oneself up by the bootstraps) to convey a 
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c

eeling for the iterative course this co-evolution must 
ake. 

The mouse was one of the first tools for thought3 that 
he group bootstrapped into operation among a select 
roup of scientists in what would come to be known as 
ilicon Valley.5 Its purpose was to operate hand-in-hand 
ith a system designed to portray computer data graph

cally on a screen, and thus give users access and 
ontrol to a sophisticated set of underlying data pat
erns in ways that were enlightening and accessible. 
sing a mouse, the group reasoned, an architect could 

nteract directly with a blueprint for an architectural 
esign on the screen—a metaphor that was more 
omfortable and understandable than columns of 
rchitectural data arrayed in tables.3 In the context 
f preventive medicine, an epidemiologist could inter
ct directly with an interactively arrayed map of disease-
egistry data, looking for disease clusters or signals of 
utbreak.8 Both of these ideas may seem common
lace today, but at the time the concept was quite 
evolutionary. 

Another tool introduced by these early cyber-system 
ioneers was the concept of hypertext.9 The concept was 
elatively simple. Most language is processed in a linear 
ashion, but new concepts are formed by making con
ections between linear strands of logical thought. The 
ypertext link was introduced as a mechanism for 
eferring a reader to related information instanta
eously at the click of the mouse. Although the use of 
ypertext gained only nominal popularity in per
onal computing systems, the real power of the 
echanism became apparent once the global hyper

ext linking project, now known as the World Wide 
eb, matured. Soon, the basic functionality of hyper

ext was allowing scientists to build off each other’s 
ork in unprecedented ways, clicking from one docu
ent to the next in pursuit of a hyperlinked thread of 

ontinuous thought. 
A third defining component of the framework was to 

nable better collaboration among scientists using on
ine computer-supported cooperative work (CSCW) 
nvironments.10,11 Also called co-laboratories (connoting 
 shared laboratory) or collaboratories (connoting a place 
or online collaboration), these online spaces sup
orted researchers located in different parts of the 

ountry and in different time zones as they worked 
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ogether in virtual space.12–14 Indeed, completion of 
he human genome mapping project—one of the most 
mbitious examples of distributed team science in 
istory—may have been made possible only by the 
ollaborative information infrastructures put in place 
y biomedical informaticians. 

sing Cyber-Infrastructure to Make Team Science 
marter 

arly experiments in CSCW environments have had a 
ixed influence on scientific collaboration.15,16 On the 

ositive side, scientists who took early advantage of 
nline systems published more prolifically, made more 
ommunity contacts, and were more successful at re
uesting use of shared resources than those who were 
ot online.17 On the negative side, collaborative infor
ation environments were clearly not suited for all 

asks. Virtual environments could never replace real-
orld social environments, synchrony, and propinquity 

n supporting the full gamut of collaborative activi
ies.13,15,18,19 Regardless of individual costs and bene
ts, new forms of work began proliferating16 as individ
al scientists learned how to query the community as a 
hole and began coordinating the use of shared, but 
istant resources in both real and delayed time.18 

In 2005, authors of a report by the Pew Charitable 
rusts declared that online computing—the mouse, 
ypertext, and computer-supported collaboration— 
ad made its way into the fabric of everyday life.20 The 
nternet was no longer an experimental technology 
aiting for adoption; it was the “new normal.” It had 

nsinuated itself as an inseparable dimension of daily 
ork life, and for many professionals it was altering the 
ules of engagement in substantive and life-altering 
ays. New York Times reporter Thomas Friedman quipped 

hat many of the substantive changes brought about by 
iffusion of the Internet seemed to be happening “while 
e were all sleeping”; yet the changes are so monumen

al they are reshaping the ways in which wealth and 
ower are distributed throughout the world.21 

Normal science, as a collective enterprise, is experi
ncing the impact of the new normal firsthand. As 
obel Laureate and Cal Tech President David Balti
ore declared when reflecting on changes within the 

iological community: 

Biology is today an information science. The 
output of the system, the mechanics of life, are 
encoded in a digital medium and read out by a 
series of reading heads. Biology is no longer solely 
the province of the small laboratory. Contribu
tions come from many directions.22 

In other words, the fabric of biological science has 
een permanently altered by the thinking enabled 
hrough augmentative information technologies. The 

ife sciences, like many other sciences, are reorganizing e

236 American Journal of Preventive Medicine, Volume 35, Num
hemselves along multidisciplinary lines in order to 
rapple with this new perceived reality. 

rid Computing 

ne of the core developments in this new era of 
hinking is the concept of grid computing. In April 2005, 
he American Psychological Association ran a feature 
rticle in the APA Monitor quoting a University of 
hicago professor who observed that the world appears 

o be quickly dividing into two camps: those who know 
bout grid computing, and those who do not.23 Those 
ho know about grid computing understand that whole 

cientific communities have been working to assemble 
heir data structures into an inter-operable lattice of 

utually accessible collections of data, tools, and re
ources.24 Users of this lattice, or grid, can share 
esources with each other in order to answer questions 
hat are bigger than what any one single laboratory 
ould solve. Consider how output from thousands of 
emote sensing devices can be brought together to give 
eophysicists an unfolding view of global climate 
hange. Or consider how biomedical researchers can 
hannel the terabytes of data collected around the 
uman genome to unlock windows of opportunity for 
edical intervention. These large-scale, team-science 

asks are enabled by the architectures underlying grid 
omputing.24 –26 

Such is the rationale behind the National Cancer 
nstitute (NCI)’s investment in caBIG (the cancer 
iomedical Informatics Grid).25,27 Funded originally as 
n ambitious pilot project, the caBIG infrastructure 
roject is working to provide scientists distributed 
hroughout the NCI’s Comprehensive Cancer Centers 
 common way of accumulating and analyzing data on 
ntracellular processes; clinical manifestations; epide

iologic prevalence, mortality, and incidence; and 
reatment efficacy. The goal is to accelerate connec
ions in knowledge needed to attack the multi-pronged 
hallenge of cancer from the perspectives of preven
ion, early detection, diagnosis, treatment, and the 
ong-term management of cancer as a chronic condi
ion.25,27 Ultimately, the purpose of the caBIG and 
ther grid systems is to co-evolve new tools for thought 
o match the scope and complexity of science at the 
eginning of the 21st century. Some of the functional

ty encompassed by those tools is worth listing. 

ransdisciplinary Discovery 

ew iterations of computer infrastructure, or cyber-
nfrastructure, are being funded by the National Sci
nce Foundation to support the high-performance 
omputing needed to analyze complex, multidisci
linary relationships. The goal is to develop a new 

volution of information infrastructure that will be 
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human-centered, world class, supportive of broadened 
articipation in science and engineering, sustainable, 
nd stable but extensible.”26 Once in place, the ex
anded resolution of these interconnected and multi

evel data sets should open up a new era of discovery in 
hich variables that have never been crossed before are 

uxtaposed in transdisciplinary analyses.28 New and 
dvanced data mining techniques are being introduced 
hat can help accelerate the discovery of relationships 
ased on applications of artificial intelligence and 
achine learning.29 Understanding the relationship 

etween genes and environment, overcoming health 
isparities, addressing the multiplex issues of cancer 
ontrol and prevention are all areas of new discovery 
nabled by cyber-infrastructure. 

isualization 

n the health sciences, efforts are underway to develop 
ools that can inform the gamut of transdisciplinary 
nalyses from “cells to society.”30 At the cellular level, 
maging software is being developed that will allow 
esearchers to visualize macromolecular structures in 
-D, and to manipulate them in real time to reveal 
idden aspects of the structure.26 At the societal level, 
ork is being done by the Open Geospatial Consortium 
www.opengeospatial.org/) to develop standards for 
inking data sets with geographic descriptors. The re
ulting grid will allow GIS researchers to array anything 
rom disease incidence measures to health knowledge 

easures geographically on a map.24 The purpose will 
e to transform the ways in which health scientists, the 
ublic, and policymakers think about complex issues by 
sing the power of cyber-infrastructure to make new 
raphic relationships accessible through powerful im
ging techniques.31 

usion 

y some accounts, discussions in the 1970s were fo
used on the anticipation that there would simply not 
e enough data to fulfill the promise of advanced 
omputing capabilities. Today, some say, we are “sur
eying ourselves to death;” that we have more data 
han we know how to handle and as a result we spend 
ery little of our time integrating findings across data 
ources.28 At the very least, this means that we are 
issing lost opportunities for discovery and decision 
aking. More disconcertedly, we are wasting millions 

f scarce research dollars on data that are never 
onnected, that never contribute jointly to solving a 
ew but common analytic problem, and that simply 
tagnate or go unused. Cyber-infrastructure allows for 
he fusion of related, but heretofore disconnected, data 

ources. c

ugust 2008 
ecision Support 

n previous generations of scientific research, decisions 
bout design and methodology were usually left up to 
ndividual researchers operating within isolated labora
ories and dependent on the glacial pace of print-text 
ublishing for information from the field. With the 
dvent of the first generation of online collaboratories, 
cientists began making decisions about the future direc
ions of their research based on the tacit knowledge of 
cientific colleagues shared online.12,14 Digital libraries 
ow make it possible to scan the full history of some 
isciplines with a few simple search terms. Evolution of 

he digital object identifier (DOI) made it possible for 
cientists to cross literatures online, jumping through a 
yperlink to an online version of an article from the cited 
eference of another.32 The development of Web 2.0 
echnologies (i.e., social computing) is driving this trend 
urther by opening up an online “commons” of scientific 
nowledge built by volunteers from all stripes and areas of 
esearch, the most well known experiment of this type 
eing the online knowledge repository Wikipedia.33 Sim

larly, Google Scholar™ is an example of an online search 
ngine that was designed to cross disciplinary silos in 
etrieving publications. 

olicymaking 

hanging public policy is often difficult. It requires a 
oned, persuasive argument relying on credible evi
ence to persuade and instruct.34 Once a year, organiz
rs of the Technology, Entertainment, and Design 
TED) conference in Monterrey, California invite 
orld-renowned speakers to give “the talk of their lives” 
videos are archived and made available to the public at 
ww.TED.com). In February 2006, organizers invited 
lobal health expert Hans Rosling to speak at the 
onference. Using data he had assembled from public 
ealth institutions around the world, Rosling gave an 
ngaging presentation that served to shatter audience 
yths about the nature of poverty, health, and mortal

ty in the Third World. Those data are already driving 
iscussions among policymakers within the European 
nion, and are generating discussions in policy circles 

round the globe and illustrate how data synthesis can 
lay an important role in policy change and policymak

ng. Using the power of connected data sources, scientists 
an make more compelling arguments to policymakers. 

sing Team Science to Make Cyber-Infrastructure 
ore Useful 

he promise of grid computing is nothing more than 
udacious. To create an infrastructure for sharing 
esources openly in an unfettered information environ
ent across disciplines requires a significant change in 
ulture and incentives. Many less ambitious projects 
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ave failed precisely because they did not take into 
ccount the incentives and social structures needed to 
upport successful collaboration.5,11,15 In short, these 
rojects failed, not because of technologic problems, 
ut because network designers failed to heed the 

essons learned from team science. In contrast, many 
xamples of success with technologically inferior sys
ems exist precisely because team members were willing 
o think creatively in devising workarounds for the 
hortcomings of the technology.35,36 These projects 
ere successful because of the power of creative 
ollaboration. 

The story of cyber-infrastructure, then, lies as much in 
he study of team science—in collaboration readiness—as 
t does in the study of new technology—in technology 
eadiness.13 In this way, the discussions encapsulated in 
his special issue are especially relevant to the task of 
uilding a world-class computer infrastructure for ad
ancing scientific goals. The discussion of evaluation, for 
xample, is directly pertinent to the system designer’s 
ngoing goal of optimizing output. As the science of 
ransdisciplinary evaluation evolves,37 robust but infor

ative evaluation strategies can be put in place to 
nsure that the social and technical subsystems38 of an 
nline science environment work together to meet 

ntended project goals.15,35 

Likewise, if the benefits from massive data structures 
nterconnected through grid architectures are to mate
ialize, they will come about because of the readiness 
nd willingness of the scientific community to behave 
n transdisciplinary ways.37 Research funding agencies 
nd academic policymakers can nurture that process by 
ffering incentives to change the context in which 
cientific collaboration occurs.2 Collaborative leaders39 

n preventive medicine can, and should, emerge to 
elp structure the foundations for mass collaboration33 

eeded to solve problems of unprecedented complex
ty in an increasingly connected global environment. 

Most importantly, mentors are needed who can take 
he challenge of modeling new behaviors at a time 
hen the norms of scientific productivity and quality 
re uncertain. The task will be to move forward with 
yes wide open, restructuring their teaching efforts to 
ake full advantage of investments in team science and 
yber-infrastructure, while clinging tenaciously to the 
rinciples of quality and evidence that must inherently 
overn scientific collaboration. 

o financial disclosures were reported by the author of this 
aper. 
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Future Directions of the Science of Team Science 

oward Cross-Sectoral Team Science 
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he papers in this supplement to the American 
Journal of Preventive Medicine1–15 reflect the growing 
awareness that in an age of open-source innova

ion and collaboration, it has become increasingly 
rgent to understand when and how to foster and 
nhance transdisciplinary research in fields including 
revention and public health. Collaborative approaches 
ake sense in these fields because many of the prob

ems are complex, require action across traditional 
oundaries or communities of interest, and are suscep
ible to “tragedy of the commons”16 and “free rider” 
ssues. Heterosis, better known in high school biology as 
ybrid vigor, can arguably apply equally to public 
ealth and research programs as to strains of corn, and 
ombining the best from several approaches may well 
elp to transform current research structures and in
entives to better enable so-called team science to fulfill 
ts promise. 

The NIH and National Academies, among other 
roups, increasingly have recognized the usefulness of 
nterdisciplinary and collaborative approaches to com
lex problems.17 To be sure, these have potential 
ownsides or limitations; for example, Yale psychologist 
rving Janis’s concept of “groupthink,”18 Fred Brooks’ 
oint in The Mythical Man-Month19 that increasing the 
ize of a project team can perversely incur crippling 
nefficiencies and coordination costs; or the difficulties 
n the training, promotion, and retention of scholars 
ho don’t fit neatly within existing departmental 
oundaries.20 For the most part, however, two heads 
re better than one, the wisdom of crowds21 trumps 
hat of most individuals, and tackling complex research 
uestions from multiple angles confers advantage. 
Thus, while many academic research groups, for-

rofit companies, and even philanthropies still largely 
perate in an insular, competitive mode, a few notable 
xceptions are exploring—and finding success in— 
lternative models. Examples of these collaborative, 
ross-sectoral efforts in biomedical science include var
ous recipients of the NIH “P” series grants; the SNP 
single nucleotide polymorphism) Consortium and 

rom the Digital Health Group, Intel, and the Department of Clinical 
harmacy, University of California San Francisco, San Francisco, 
alifornia 
Address correspondence and reprint requests to: Bern Shen, MD, 
Phil, UCSF Department of Clinical Pharmacy, Box 0613, 521 
       arnassus Avenue, San Francisco CA 94143. E-mail: bernshen@ 
mail.com. 
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apMap Project; the BioBricks Foundation; the Public 
ibrary of Science; and similar initiatives in Canada22 

nd the European Union.23 Others with more of a 
ublic health flavor include the NIH exploratory cen
ers for interdisciplinary research24 and its program on 
ublic–private partnerships,25 the Grand Challenges 
or Global Health initiative,26 and the WHO-sponsored 

edicines for Malaria Venture.27 Well-known examples 
n industry include InnoCentive,28 which posts prob
ems from “seekers” and awards bounties to “solvers”; 
nd P&G’s Connect � Develop program,29 which fos
ers external sources of product ideas. 

Of course, the term collaborative research is a broad 
ubric, and this article will not discuss, for example, 
fforts such as Folding@home or FightAIDS@home, 
hich use spare computing power donated by thou

ands of individuals around the world to enable pow
rful computing platforms for molecular modeling and 
rug discovery.30 Rather, we will focus on three concep

ual dimensions reflected in the rapidly expanding 
iterature on research collaborations: 

Team: collaborations across laboratories or institutions; 
Approach: collaborations across disciplines, whether 

he approach is multidisciplinary, interdisciplinary, or 
ransdisciplinary; and 

Goal: collaboration across translational stage, that is, 
he spectrum from basic research through applied 
esearch or development, to sustainable implementa
ion or commercialization. 

These TAG dimensions are illustrated in Figure 1, 
nd are elaborated below. 

In Figure 1, three dimensions of collaboration define 
 space in which we can locate various types of research 
fforts. Point A represents a minimally collaborative, 
omewhat traditional model of basic research within a 
ingle discipline, and laboratory or institution. In con
rast, Point B denotes a multi-institutional research 
ollaboration within a single discipline, as often occurs 
mong professional colleagues who happen to be lo
ated in different labs or universities. Similarly, Point C 
ndicates a multidisciplinary/interdisciplinary collabo
ation within a single institution, for example, experts 
n public health, law, and behavioral science working 
ogether to study issues around tobacco advertising. 

While the above points are located in the “back 
lane” of the diagram, representing predominantly 
cademic research with little intention to translate into 
arge-scale, sustainable implementations or commer

ialization, other points “in front” of this back plane 
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epresent efforts along the spectrum of translation, 
rom basic research through applied research, to the 
evelopment and scaling up of actual products or 
olutions. Point D, for example, could represent a 
roject in a traditional industrial central research lab or 
 clinical process–improvement group, in which the 
ork occurs more or less within a single discipline and 
ithin a single institution, but aims to build from basic or 
pplied research to create a real-world intervention or 
olution. Point E, on the other hand, might describe a 
raditional commercial product–development effort, in 
hich several disciplines (e.g., ethnography, design, 
ngineering, legal/regulatory, marketing, and sales) 
re brought to bear on getting a product onto the 
arket. Finally, Point F would represent a multi-

nstitutional, multidisciplinary/interdisciplinary collabo
ation across translational stages, as the two dozen NIH-
ponsored Clinical and Translational Science Awards 
CTSA)31 centers or numerous small business innova
ion research (SBIR) grant recipients are beginning 
o exemplify. 

Since the inherent nature of prevention and public 
ealth tends to produce pragmatic, implementable 
olutions linked to measurable improvements in popu
ation outcomes, research in those fields tends to move 
ff of the back plane of Figure 1, in contrast to 
cademic disciplines in which, as Chesbrough observes, 
unsurprisingly, when an organization rewards the 
uantity of patents or papers produced, the R&D organi
ation responds by generating a large number of patents 
r papers, with little regard as to their eventual business 
elevance.”32 Additional impediments to establishing 

Approach: 
Across disciplines 

C 

E F

A 

Goal: 
cross translational 
stages (research, 

development, D 
commercialization) 

igure 1. Dimensions of collaboration 
ross-sectoral collaborations among universities, gov r

ugust 2008 
ernment funding agen
cies, private corporations, 
foundations, and nongov
ernmental organizations 
are described in the pro
ceedings of the 2007 Na
tional Cancer Institute 
Conference on the Future 
of Consumer Health Infor
mation Technologies.33 

What are some specific 
strategies for encouraging 
and implementing collab
orative research? In the 
academic sphere, a 2004 
survey by the National
Academies suggested that ns 
interdisciplinary research 
could best be promoted 
by fostering a collabora
tive environment, provid
ing faculty incentives (in
cluding hiring and tenure 
policies), and providing 

eed money for interdisciplinary pilots.34 In the for-
rofit sphere, companies have collaborated with univer
ities over the years, supporting path-finding research 
hrough grants, donations in kind, bidirectional intern
hips or sabbaticals, and even setting up “lablets” on or 
djacent to university campuses.32 Intel’s Digital Health 
roup has built on this history and has implemented a 
research commons” model along with a number of 
niversities. The reasoning is that one way to accelerate 
rogress in an emerging field is to reduce unnecessary 
edundancy. Under this arrangement, research groups 
t different universities each chip in and cross-license 
ools and technology; original inventors retain rights 
ver their intellectual property, but in the meantime, 

nvestigators don’t have to spend (for example) the first 
 years of a 4-year grant re-inventing technology that 
lready exists at another university before getting to the 
utcome studies that are the actual point of interest. 
In addition to academia, industry, and government, at 

east two other categories of new entrants and partners are 
ntering the research ecosystem. One category includes 
onsumers or patients themselves, who can contribute 
o Web 2.0 initiatives35 such as “crowdsourcing,” user-
enerated content, and self-organization into patient 
dvocacy and support groups. The other, partially 
verlapping, category of new research partners is pri
ate philanthropy. With an estimated $300 billion in 
hilanthropic contributions in the U.S. in 2006, of 
hich roughly 17% were to medical institutions,36 even 

f only a fraction of this flows to research, philanthro
ies represent a source of funding not far behind the 
28 billion annual NIH budget.37 Donor-sponsored 

B 

Team: 
Across institutio
 

esearch, while not uncontroversial, has injected new 
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unds and energy into particular disease areas and can 
omplement federal research funding to help focus on 
ublic health issues, support transdisciplinary research, 
und infrastructure and overhead, and encourage new 
rganizational structures.38,39 

Looking ahead, it seems likely that the blurring of 
nstitutional, disciplinary, and translational boundaries 
y various TAG teams comprising diverse combinations 
f researchers, industry partners, patients, and philan
hropies will spawn new research arrangements, accel
rate discovery, and ultimately improve population 
ealth outcomes. The papers in this supplement mark 
ome of the early milestones in that evolution. 

o financial disclosures were reported by the author of this 
aper. 
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oving the Science of Team Science Forward 
ollaboration and Creativity 

ara L. Hall, PhD, Annie X. Feng, EdD, Richard P. Moser, PhD, Daniel Stokols, PhD, Brandie K. Taylor, MA 

bstract:	 Teams of scientists representing diverse disciplines are often brought together for purposes 
of better understanding and, ultimately, resolving urgent public health and environmental 
problems. Likewise, the emerging field of the science of team science draws on diverse 
disciplinary perspectives to better understand and enhance the processes and outcomes of 
scientific collaboration. In this supplement to the American Journal of Preventive Medicine, 
leading scholars in the nascent field of team science have come together with a 
common goal of advancing the field with new models, methods, and measures. This 
summary article highlights key themes reflected in the supplement and identifies 
several promising directions for future research organized around the following broad 
challenges: (1) operationalizing cross-disciplinary team science and training more clearly; 
(2) conceptualizing the multiple dimensions of readiness for team science; (3) ensuring 
the sustainability of transdisciplinary team science; (4) developing more effective models 
and strategies for training transdisciplinary scientists; (5) creating and validating improved 
models, methods, and measures for evaluating team science; and (6) fostering transdisci
plinary cross-sector partnerships. A call to action is made to leaders from the research, 
funding, and practice sectors to embrace strategies of creativity and innovation in a 
collective effort to move the field forward, which may not only advance the science of team 
science but, ultimately, public health science and practice. 
(Am J Prev Med 2008;35(2S):S243–S249) © 2008 American Journal of Preventive Medicine 
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he emerging field of the science of team science 
draws together diverse disciplines to better un
derstand and inform the collaborative processes 

nd outcomes of team science. Team science can be 
onducted within a single, focused discipline, or can 
pan different disciplines. The degree of variation 
cross disciplines, as well as the breadth of levels of 
nalysis (from cells to society), can affect the size and 
omplexity of a given team. As such, the degree of 
omplexity of a given problem that a team tackles can, 
n turn, influence the breadth and degree of the 
ntegration of disciplinary knowledge needed to ex
lain or solve that problem. In the authors’ view, the 
ascent field of the science of team science is currently 

n a descriptive or taxonomic phase of its development, 
uring which key terms are being debated and defined 
s well as operationalized in specific contexts, and are 
eing integrated into broader conceptual frame-

rom the Division of Cancer Control and Population Sciences, 
ational Cancer Institute (Hall, Feng, Moser), the Office of Portfolio 
nalysis and Strategic Initiatives, NIH (Taylor), Bethesda, Maryland 
nd the School of Social Ecology, University of California Irvine 
Stokols), Irvine, California 

Address correspondence and reprint requests to: Kara L. Hall, 
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ancer Institute, 6130 Executive Boulevard, Room 4080, Bethesda 
D 20850. E-mail: hallka@mail.nih.gov. t

m J Prev Med 2008;35(2S) 
 2008 American Journal of Preventive Medicine • Published by 
orks.1,2 This supplement to the American Journal of 
reventive Medicine seeks to consolidate recent work in 
his field by assessing a variety of conceptual issues that 

ust be addressed as a basis for informing future team 
cience initiatives—for instance, examining ways to 
ategorize and measure collaborative efforts; develop
ng models to conceptualize key aspects of the field; 
nd devising strategies to enhance, support, and sustain 
eam science projects. 

During both the 2006 conference3 and the develop
ent of this supplement, a variety of themes emerged 

hat revealed knowledge gaps in the field and stimu
ated ideas and dialogues to guide future research. 
hese themes pertain to: (1) the challenges associated 
ith distinguishing between and empirically operational

zing unidisciplinary and cross-disciplinary approaches to 
eam science and training; (2) the efforts to integrate 
lternative conceptualizations of multilevel readiness 
or team science; (3) the development of strategies 
or ensuring the sustainability of transdisciplinary 
eam science; (4) the need to create new models and 
ractical strategies for training transdisciplinary sci
ntists; (5) the development of new models, meth
ds, and measures for evaluating the processes and 
utcomes of team science; and (6) the forging of new 
ransdisciplinary partnerships among universities, 
overnmental agencies, nongovernmental organiza

ions (NGOs), private foundations, and corporations. 
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oward an Integrative Taxonomy of Team Science 

 central focus, to date, in the taxonomy of team 
cience relates to the number of disciplines involved in 
 team and the kinds of interactions that occur across 
ifferent disciplines. As is evident from a number of the 
rticles included in this supplement,1,2,4 the predomi
ant conceptualization thus far has been Rosenfield’s5 

efinitions of and distinctions among unidisciplinary, 
ultidisciplinary, interdisciplinary, and transdisciplinary 

ollaborations. 
Although this supplement’s primary focus is on trans

isciplinary team science, there is not yet an agreed
pon definition of transdisciplinarity. In addition to 
he discrepancies among different definitions of trans
isciplinarity, there is also considerable debate about 
hether or not distinct differences exist between inter
isciplinarity and transdisciplinarity. In funding, in 
ractice, in research, and in scholarly writing, the terms 

nterdisciplinary and transdisciplinary have been used 
nterchangeably, referencing both similar and different 
onnotations in various settings. Some scholars suggest 
hat there are no differences among multidisciplinary, 
nterdisciplinary, and transdisciplinary approaches to 
esearch.6 The plurality of definitions and operational
zations of these concepts are embedded within the 
ifferent perspectives and circumstances in which col

aborative sciences are conducted. For instance, Rosen
eld’s definitions5 of interdisciplinary and transdisci
linary science describe research collaborations in 
hich the intended scientific outcomes focus on a 
ommon problem (e.g., obesity), whereas the NIH 
oadmap for Medical Research6,7 describes interdisci
linary research more broadly as involving the creation 
f hybrid disciplines (e.g., biochemistry, psychoneuro

mmunology). Furthermore, greater clarity is needed 
ith regard to the dimensions underlying the concept 
f scientific discipline (typically defined in terms of its 
ubstantive concerns, methodologic approaches, and 
evel of analysis) to help further elucidate what is meant 
y unidisciplinary, multidisciplinary, interdisciplinary, 
nd transdisciplinary science. Another facet of team 
cience pertains to the definition and implementation 
f transdisciplinary action research, which involves collab
rations among scientists and practitioners.8 For exam
le, in the field of social work, the term interprofession
lism has been used to describe cross-disciplinary 
ndeavors that bridge the work of researchers with 
ractitioners.9 

Such variations in definitions and operationalizations 
f key terms can result in highly divergent measure
ent approaches to evaluating team science, which are 

ikely to perpetuate confusion in the literature and 
mpede progress in the science of team science.1 In 
rder to build a field with a strong science base that can 
e synthesized and generalized, greater clarity in basic 

erminology is essential for establishing a strong foun a

244 American Journal of Preventive Medicine, Volume 35, Num
ation for future studies. To better understand and 
valuate the value-added qualities of transdisciplinary 
cience, it is important that researchers in this area 
ork together to cultivate common ground as they 
stablish shared theoretical frameworks and measure
ent strategies that can be used to guide future team 

cience endeavors. 
Some of the articles in this supplement suggest that the 

istinctions between interdisciplinary and transdisci
linary research become more pronounced when viewed 

rom the alternative vantage points of basic biomedical 
ersus behavioral sciences.10,11 To date, much of the 
onceptualization and investigation around interdiscipli
ary and transdisciplinary collaboration processes and 
utcomes has been led by behavioral scientists, and, as 
uch, many of the evaluation strategies use behavioral 
ethodologies (e.g., self-report surveys, latent variable 

nalyses). It is clear that the study of cross-disciplinary 
eam science (i.e., the science of team science) must bring 
ogether diverse perspectives from all levels of analysis to 
oster the development of a full spectrum of conceptual, 
heoretical, and methodologic innovations spanning 

ultiple disciplinary boundaries. This can occur, for 
xample, by utilizing qualitative methods to learn more 
bout the different goals and motivations that prompt 
ross-disciplinary collaborations (e.g., collaborations 
ased on the sharing of expensive laboratory equip
ent or specimen analyses versus those organized 

round the integration of intellectual ideas and frame
orks spanning two or more fields); these findings can 
e used to develop rich conceptual and theoretical 
odels and then can be tested in subsequent studies 

xamining team science collaborations. 
Much of the work discussed in this supplement revolves 

round large cross-disciplinary research initiatives.12–14 

his emphasis on large-scale, cross-disciplinary initiatives 
eglects several important questions. For instance, what 
inds of team science programs have been pursued 
utside of this context? What is known about unidisci
linary team science? How does unidisciplinary team 
cience compare to other types of cross-disciplinary 
eam science collaborations (e.g., multidisciplinary, in
erdisciplinary, or transdisciplinary research) in its ef
orts to effectively and efficiently solve complex health 
roblems? What basic principles are transferable to 
ross-disciplinary science? What are the challenges that 
istinguish unidisciplinary team science from cross-
isciplinary team science? What can be learned from 
maller-scale, cross-disciplinary—and more specifically, 
ransdisciplinary—initiatives?15 For instance, could 
maller team science endeavors have fewer infrastruc
ure constraints or less “drag” and, hence, greater 
exibility and sustainability—resulting in increased cre
tivity and efficiency?16,17 Furthermore, can terms be 
eveloped that capture all types of cross-disciplinary team 
cience (including multidisciplinary, interdisciplinary, 

nd transdisciplinary sole-investigator, as well as collabo
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ative, projects)? Is there a need to have different terms 
or team science that incorporate areas outside of aca
emia, such as community-based participatory research or 
issemination and implementation science?8,18,a 

eam Science Readiness from a 
ocial–Ecologic Perspective 

nother important theme reflected in several articles 
n this supplement is the conceptualization and mea
urement of readiness for collaboration. This facet of 
eam science has been conceptualized and measured in 
 variety of ways—for instance, in terms of individual 
nd group research orientations, organizational and 
echnologic resources that enhance the capacity for 
ollaboration,4,12,17 and the scientific readiness of dif
erent fields for collaborative integration.11,21 

Stokols et al.17 identified collaboration-readiness fac
ors nested within a social–ecologic framework, includ
ng factors such as shifts in individuals’ research orien
ations and their attitudes toward collaboration12; the 
vailability of specific communication tools and cyber
nfrastructural resources22; and funding agencies’ will
ngness to invest in center-based, multiple-principal 
nvestigator grants.10 In an increasingly globalized 
orld, the demands for cross-national collaborations in 
ealth science, engineering, and technology will con

inue to grow. Also, as funding streams diminish, the 
eed to coordinate and integrate health research ef

orts among academic institutions, government agen
ies, private corporations, and foundations will become 
ncreasingly important.8,18,21,23 How can these sectors 
e brought together effectively and work toward the 
ommon goal of improving human health? What are 
he specific collaborative challenges inherent in collab
rations that span multiple sectors? 
Klein1 in this supplement discussed the international 

cope of research on team science. The identification 
nd implementation of the most effective strategies for 
nhancing global collaboration in the expanding do
ain of team science have yet to be further explored. 
nsuring the success of transdisciplinary team science 

As noted by Stokols et al.2 and Trochim et al.,19 large-scale transdis
iplinary team science includes initiatives such as those that provide 
5 million per center over the course of 5 years. These initiatives 
ypically include 5–8 funded centers often networked through the 
fforts of NIH staff or a separate coordination center to facilitate 
ross-project and cross-center collaborations. Small-scale initiatives 
rovide less funding and entail less formal (if any) coordination of 
ross-project and cross-team collaboration. 

An example of a smaller-scale initiative is the Robert Wood 
ohnson Foundation’s Active Living Research program,20 which 
as accepted small-scale applications with amounts ranging from 
25,000 for 1 year to $600,000 for 3 years. Total available award 
mounts ranged from $500,000 to $3.5 million in a given year over 
he first 7 years the program. Although the Active Living Research 
rogram provides some logistical support and a yearly conference 

o encourage knowledge sharing, these are primarily small grants 

eing conducted by independent and dispersed transdisciplinary 
eams. l

ugust 2008 
n the global arena requires an understanding of and 
ensitivity to cultural differences and their impact on 
eamwork. 

The authors propose that future research explicitly 
onsider multiple levels and dimensions of readiness 
or transdisciplinary team science, nesting certain levels 
ithin others and conducting in-depth case studies to 

dentify which types of readiness factors (e.g., psycho
ogical, interpersonal, organizational, societal, techno
ogic, scientific) exert the greatest influence on the 
ffectiveness of team science projects and initiatives. A 
eadiness framework can help generate appropriate 
ultilevel interventions to increase the success of trans-

isciplinary team science. For instance, at the interper
onal level, understanding a team’s readiness to engage 
n group processes to create common ground, common 
anguage, and shared goals can lead to the develop

ent of workshop modules to foster improved commu
ications skills and team cohesiveness.17 To date, eval
ations of transdisciplinary initiatives have not given 
uch attention to the relative impact of these diverse 

eadiness factors on the effectiveness of team science, 
or have they identified either the role that these 
eadiness factors might have played in the successful 
mplementation of an initiative or the ways in which 

ultiple readiness factors jointly affect the processes 
nd outcomes associated with transdisciplinary team 
cience initiatives. 

he Sustainability of Transdisciplinary Team Science 

ritics of transdisciplinary team science, in addition 
o being concerned about the volume of funds 
irected toward transdisciplinary team science and 
way from unidisciplinary research, contend that once 
ransdisciplinary-specific funding is removed from a 
esearch group, center, or institution, the earlier col
aborative efforts will not be sustained.24,25 To date, this 
ontention has not been tested directly by evaluating 
hether transdisciplinary teams remain productive and 
ohesive once their original sources of funding are 
xpended. Nonetheless, these critiques of team science 
nitiatives raise important questions about the continu
ty of collaborative research ventures once they have 
een initiated and funded for a determinate period 
usually 3–5 years, followed by a competitive review for 
enewal funding). 

How can a new model of transdisciplinary science 
unding be created that can sustain team members’ 
fforts to develop integrative conceptual models and 
ethodologic approaches spanning multiple fields and 

xtended periods of collaboration (e.g., extending 
0–15 years or longer)? What happens if funding of the 
equisite long-term support for team science initiatives 
s not maintained—will transdisciplinary science stag
ate? Might a lack of long-term funding commitments 
ead researchers to revert to more traditional small, 
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ncremental, scientific development processes? Can 
ubstantial gains in cross-disciplinary integration and 
ranslations to health practice be achieved through 
mall transdisciplinary science teams? Is small-scale 
ransdisciplinary science more sustainable with respect 
o funding streams, or is large-scale transdisciplinary 
cience needed to create a critical mass of researchers 
nd infrastructure for the sustainability of transdisci
linary science? More specifically, are large, initiative-
ased transdisciplinary science centers needed to en
ure sufficient levels of multidisciplinary expertise to 
ropel collaborations—as well as theoretical and meth
dologic advances—in resolving the most urgent soci
tal health problems? How can grant-review processes 
e redesigned to facilitate more rapid progress toward 
ransdisciplinary integration and to accommodate and 
ustain the steadily increasing complexity of team sci
nce?16,26 How can long-term partnerships be devel
ped among government agencies, private industries, 
ot-for-profit organizations, philanthropies, and foun
ations to ensure alternative but continuing support 
or cross-disciplinary team sciences?18 What other insti
utional resources can be provided to encourage for
ard momentum and to establish long-range incentives 

or sustaining transdisciplinary team science? 
Methods and measures to evaluate the sustainability 

f transdisciplinary team science are also crucial. In the 
ontext of the large transdisciplinary-center initiatives 
escribed in this supplement, evaluative strategies to 
ssess the evidence of sustained productivity for centers 
hat received first-round funding but were not renewed 
ave yet to be implemented. In the context of funded 
esearch networks, advanced network analysis techniques 
ight be considered to obtain comprehensive baseline 

ssessments of research networks and to track these 
etworks beyond their years of funding, assessing the 
egree to which a given network has retained or ex
anded its original set of investigators and the extent to 
hich those investigators are representative of diverse 
isciplines. Moreover, assessments of a network’s 
roductivity—with respect to the extent that a network is 

ntegrative and adaptable—are likely to be critical to 
nderstanding its value-added contributions and sustain-
bility as a team science endeavor. The evaluation of a 
etwork’s productivity may include, for example, assess

ng the capacity of that network to successfully integrate 
ultiple levels and diverse disciplinary knowledge to solve 

omplex problems and to move into new areas of explo
ation as current problems are resolved. 

In addition to resources for infrastructure and fund
ng that stimulate and maintain team science, training 
s critical to the continuation of transdisciplinary team 
cience research agendas. Without a focus on training 
he next generation of transdisciplinary researchers, 
he long-range sustainability of transdisciplinary team 

cience is likely to be curtailed. m

246 American Journal of Preventive Medicine, Volume 35, Num
raining and Transformation: Developing 
ransdisciplinary Researchers 

ransdisciplinary team science is still in the early phase 
f its development. Models to guide the development 
f transdisciplinary training curricula remain to be 
eveloped and tested. Nash27 in this supplement sum
arizes various conceptual models for enhancing trans-

isciplinary training processes and outcomes that are 
ssociated primarily with advanced graduate student-
nd postdoctoral-level training. In addition to training 
re- and post-doctoral scholars, providing transdisci
linary training opportunities for senior investigators is 
lso important, as they are charged with mentoring as 
ell as with greater management responsibilities within 

arge research initiatives.28,29 Broader models of trans-
isciplinary training that encompass the needs of all 
takeholders including senior investigators, junior in
estigators, post-doctoral scholars, graduate students, 
nd research support staff should be incorporated into 
he overall infrastructure of team science. Possible foci 
f these expanded transdisciplinary training programs 

nclude strategies for cultivating effective mentoring prac
ices and leadership styles, interpersonal and managerial 
kills, communication strategies, technologic expertise, 
nd coping strategies for information overload.17 

Moreover, an important purpose of the training 
omponent of a transdisciplinary initiative is to develop 
he pool of emerging transdisciplinary scientists. So 
ow are successful training processes and outcomes, 
nd related circumstances for success, to be identified? 
hat are the training elements that promote successful 
entoring and training experiences from the perspec

ives of both trainees and mentors? Both retrospective 
nd prospective evaluations of the processes and out
omes of transdisciplinary training at different stages of 
n initiative should be incorporated within future team 
cience initiatives. 

When considering the evaluation of transdisciplinary 
raining, Nash27 outlines some examples of the types of 

etrics and time frames that would be useful for 
apturing the quality, novelty, and scope of disciplinary 
ntegration of the work completed by a trainee over 
ime. The development and application of reliable and 
alid metrics to assess these dimensions are sorely 
eeded in the field. Quantitative and qualitative assess
ents of the career trajectories of trainees in various 

ransdisciplinary science training programs can provide 
 deeper understanding of the impact of different 
raining models and the ways in which transdisciplinary 
rainees gain entry to various academic, government, 
nd private-sector positions, as well as whether their 
ransdisciplinary training leads to sustained transdisci
linary research efforts as they move forward with their 
areers. For example, the assessment of trainees’ evolv
ng research orientations over time can be used to 
odel and subsequently predict the relevant long-term 
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areer outcomes of these individuals.12,27,28 Systemati
ally tracking the career development trajectory of 
ransdisciplinary trainees over time and examining the 
nfluence of earlier transdisciplinary training on their 
ubsequent productivity will ultimately help to gauge 
he “returns” on team science investments at both 
ndividual and societal levels.28 

eam Science Models and Methods 

everal conceptual frameworks were presented in this 
upplement to describe and evaluate the processes of 
ransdisciplinary team science.1,12,14,21,30,31 A major fo
us of these models has been on understanding the 
actors that facilitate or constrain transdisciplinary team 
cience collaboration. The models have been drawn 
rom a variety of fields, such as sociology, ecology, 
hysics, and applied mathematics. Examples of the 
odels currently used to describe transdisciplinary 

eam science include the social–ecologic model,16 sys
ems thinking and complexity theory,18 network analy
is,27 a social-determinants paradigm,26 and the heter
rchical analytic framework.3 These models have been 
sed as programmatic frameworks for describing, orga
izing, and evaluating team science. Additionally, ef

orts have been focused on an integrated transdisci
linary conceptual framework for understanding and 
olving a problem at the early stage of team initiatives. 
xamples of such efforts have been documented 

hrough transdisciplinary research initiatives funded by 
oth private and public funders.32,33 

To date, important intellectual integration and sci
ntific breakthroughs have been achieved within trans-
isciplinary team science initiatives by focusing on 
ethodologic advances.14 New transdisciplinary mea

ures are showcased in the supplement.12,14,31 With a 
imited number of metrics available, many authors 
alled for new evaluative criteria to be developed—to 
ssess, for example, recently proposed models of trans-
isciplinary leadership and training27,34 and to identify 
alid short-term scientific outcomes.35 Furthermore, 
nnovative research design strategies need to be utilized 
nd refined to overcome the remaining methodologic 
hallenges, such as identifying appropriate comparison 
roups in the evaluation of transdisciplinary initia
ives.35 The creative use of existing methods should be 
ncouraged, such as utilizing network analyses to more 
learly integrate theoretical constructs of team science 
odels and link them to relevant outcomes. Strategies 

uch as bibliometric analysis and mapping the productiv
ty of a transdisciplinary initiative to the overall landscape 
f scientific productivity of a field (e.g., tobacco-control 
esearch) are currently in progress at the NIH. Utilizing 
igorous comparison-group designs, such bibliometric 
tudies also can be used to identify similarities and differ
nces in the quantity and quality of research productivity 

n both transdisciplinary science and traditional, individ a

ugust 2008 
ally-oriented research efforts. Key goals of these studies 
re to calibrate the potential value-added contributions of 
ransdisciplinary science and to enable a better under
tanding of how supportive orientations toward transdis
iplinary science (e.g., at the levels of individual investiga
ors, research organizations, and funding agencies) 
nfluence scientific productivity and the effectiveness of 
ealth policies in the long run. 
As more research in the area of interdisciplinary and 

ransdisciplinary research and training is funded, there 
ill be a growing need and opportunity for evaluating 

ransdisciplinary team science. In addition to the sys
ematic development and testing of methods and mod
ls, both infrastructure and support should be devoted 
o enabling such evaluations, which should include 
oth internal and external evaluations of research 
rograms and initiatives. The expansion of the Office 
f Portfolio Analysis and Strategic Initiatives at NIH 
ontinues to provide the opportunity for using internal 
unds to evaluate NIH-funded activities—a forward 
tride in building the capacity for evaluating and study
ng team science within the funding agency. Innovative 
unding mechanisms for supporting the evaluation of 
ransdisciplinary team science collaborations should 
ontinue to be developed. Accordingly, budgetary allo
ations for evaluation activities are included currently 
n some funding mechanisms for large initiatives (e.g., the 
ransdisciplinary Research on Energetics and Cancer 
TREC] initiative) that enables a coordination center to 
ead evaluation activities.12 Separate or more clearly 
edicated funding streams for transdisciplinary pro
ram evaluation, per se, would further support the 
esign and implementation of comprehensive transdis
iplinary science evaluation studies.10,19 

orging New Transdisciplinary Partnerships 
cross Sectors 

n important direction for the science of team science 
s to examine factors that facilitate or impede produc
ive partnerships among the multiple sectors of society 
hat share an interest in sustaining transdisciplinary 
esearch, training, knowledge translation, and dissemi
ation for the purpose of improving public health. As 

ederal and state funding allocations for health re
earch are reduced by societal demands for nonhealth
elated investments (e.g., maintaining homeland secu
ity, enhancing access to higher education among 
ow-income and minority groups), the development of 
reative and productive partnerships among universi
ies, government agencies, NGOs, private foundations, 
nd corporations aimed at cultivating and sustaining 
ublic health research will become an increasingly 

mportant task. Along those lines, a better understand
ng is needed of the circumstances under which public 

nd private organizations are most likely to partner 
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ffectively to achieve shared public health goals. Gru
an and Prager36 outline examples of facilitators of 

ffective partnerships among public research agencies 
such as NIH) and philanthropic organizations (such 
s private health foundations); more work should be 
one to utilize and expand these efforts. 
Also, Shen18 in this supplement identifies conditions 

nder which private corporations interested in com
ercializing health-related products might partner ef

ectively with public funding agencies. At the same 
ime, however, more needs to be learned about the key 
acilitators and constraints on effective public–private 
artnerships aimed at promoting improved health 
ractices, products, and outcomes. For instance, it will 
e important to develop strategies for removing barri
rs that sometimes arise when corporate and public 
ntities make efforts to collaborate. Examples of these 
arriers include scientists’ concerns that their work will 
e distorted or tainted by market pressures as well as 
he profitability interests of companies contributing 
unding for the research, and corporate concerns that 

uch scholarly research is impractical, unusable, and 
roduced at a too-slow pace unsuitable for translation 
o commercialized health products or to improved 
ealth practices. 

onclusion 
oving Forward with Creativity 

s described above, the science of team science is faced 
ith many challenges yet to be solved. How are the 
alue-added contributions of transdisciplinary science 
est assessed? When is transdisciplinary science war
anted and when it is not, and how is that best decided? 
ow can transdisciplinary science be conducted in a 

smarter” manner? These questions ultimately lead to 
ther concerns about the fundamental structure and 
ulture in which science is conducted today and to 
emands for solutions that are driven by creativity. 
urrent award mechanisms must be more creatively 
ssessed, along with their strengths and weaknesses, 
ith an understanding of the circumstances that indi
ate when an award works or does not work; new 
echanisms to match current needs must be devel

ped; more flexible infrastructures created; and a 
iverse array of institutionalized award mechanisms 
such as the NIH P50 and U52 grants)37 institutional-
zed—all of which can be used to foster the develop

ent of innovative transdisciplinary frameworks and 
ethodologies for research development, dissemina

ion, and practice. Examples of such initiatives, the 
ransdisciplinary Tobacco Use Research Centers— 

unded by NIH—include: the Centers for Population 
ealth and Health Disparities, the Centers of Excel

ence in Cancer Communication Research, and 

REC.10,12–14 Additionally, the Clinical Translational s

248 American Journal of Preventive Medicine, Volume 35, Num
cience Centers recently established by the National 
enter for Research Resources via the NIH Roadmap to 
romote the translation and dissemination of research 
ndings through innovative partnerships among health 
cientists, practitioners, and community decision 
akers.38 

The field needs to overcome the barriers between the 
cientific research community and the utilization-oriented 
rivate corporations to empower all stakeholders, scien
ists, funders, policymakers, patients, and physicians—to 
ame but a few—in identifying urgent problems and 
etting research agendas and priorities for the ultimate 
enefit of the nation.18,36 Also needed is a culture that 
romotes appreciation and recognition of team science 
nd that rewards team effort and contributions, nurtur
ng a value system that encourages equitable research 
rrangements and collective leadership/authorship 
odels.34,39 Further, the scientific community can con

ribute to an appreciation of team effort and team 
ontributions by creating new cross-disciplinary jour
als and new criteria for tenure and promotion. Also to 
e engaged are higher education accreditation organi
ations, journal editors, review boards, funding agen
ies, scientists, university presidents, and deans in pro
oting and sustaining innovative and collaborative 

artnerships among health scientists, community prac
itioners, and policymakers. 

As an increasing amount of funding has been allo
ated for transdisciplinary team science, especially dur
ng times of constrained budgets, critics have argued 
hat transdisciplinary initiatives take precious resources 
way from more productive sole-investigator (and typi
ally unidisciplinary) work.17,24,25 Systematic and rigor
us studies of the scientific and societal health impacts 
f different funding mechanisms are warranted for the 
ext steps of team science development. The science of 

eam science can be advanced through systematic as
essments and a strong research agenda. But, more 
mportantly, a creative approach is needed to cultivate 
 broader culture of integrated, heterarchical scientific 
nquiry.30 Boundaries must be pushed not only by the 
evelopment of new scientific models, methods, and 
easures, but also by the initiation of organizational 

nnovations that create fundamental changes in the 
ays scientists do business—changes that embrace mul

iple disciplines, sectors, and cultures; revolutionize 
ward mechanisms, funding streams, and publications; 
nd allow flexibility and fluidity to eliminate the con
traints of rigid hierarchic structures30—to release tal
nt bound by towers of tradition into a sea of creativity. 
 new era of creativity and innovation in transdisci
linary science can be achieved through simultaneous 
nd coordinated efforts that remove collaborative bar
iers and build new linkages across multiple sectors of 
ociety and across spheres of research. In this new era 
f creativity and innovation in transdisciplinary re

earch, current scientific research paradigms and infra-
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tructures will be transformed in ways that enable the 
orld’s scientists to leverage global resources to resolve 

he most pressing environmental and public health 
roblems of the 21st Century. 

o financial disclosures were reported by the authors of this 
aper. 
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