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Overview

1. Growing interest and investment in team 
science-core concerns of the science of team 
science

2. Methods and tools to enable the study and 
enhance the practice of team science

3. Research findings from studies of NIH 
transdisciplinary research and training centers

4. Practical implications and future directions



The Emergence of Team Science

(See Wuchty, S., B. F. Jones, et al. (2007, Science). "The increasing dominance of teams in production of knowledge.”) 



Rapid Growth and Increasing Dominance of Team Science 
Over Past Several Decades and Across Multiple Fields

• 19.9 million papers over 5 decades and 2.1 million patents 

• Research is increasingly done in teams across nearly all fields

• Teams typically produce more frequently cited research than individuals 
(this has been increasing over time) 

• Teams now also produce the exceptionally high impact research even 
where that distinction was once the domain of solo authors 

• These trends are consistent across the physical and biological sciences, 
engineering, social sciences, arts and humanities

According Wuchty et al., Science, 2007:



Collective Intelligence



• NIH Roadmap Initiative, and Clinical and 
Translational Science Centers (2003-present) 

• MacArthur Foundation Networks in Mental Health 
and Human Development (1980-present)

• Robert Wood Johnson Foundation- Active Living 
Research Program (2002-present)

• NAS-Keck Foundation Initiative to Transform 
Interdisciplinary Research (2003-present)

Substantial Investments in Team Science Initiatives 
Have Been Made Over the Past Three Decades





Cancer Heart Disease

Shared Risk 
Factors:

Smoking
Physical Inactivity

Poor Nutrition
Obesity

Inflammation
Stress

Toward Interdisciplinary Analyses of the 
Links Between Cancer, Heart Disease, and 

Diabetes

Diabetes



Point-Counterpoint



Burgeoning Interest and Investment in Studying 
and Facilitating Cross-Disciplinary Collaboration



The Science of Team Science

…a rapidly emerging field 
concerned with understanding 
and managing circumstances 
that facilitate or hinder the 
effectiveness of collaborative 
(and often cross-disciplinary) 
research, training, and 
translational initiatives

http://www.scienceofteamscience.org



Conceptualizing Uni-Disciplinary and 

Cross-Disciplinary Research



Areas of research that focus on distinctive 
substantive concerns (e.g., biological, 
behavioral, psychological, social, physical 
environmental facts) and emphasize 
particular analytic levels (e.g., nano, 
molecular, organismic, interpersonal, 
organizational, societal),  concepts, and 
methods. Examples are psychology, 
sociology, geology, chemistry, physics, and 
biology.

Academic Disciplines



Fields of inquiry and practice encompass multiple 

disciplinary perspectives that are deemed relevant 

for understanding a particular research question or 

societal problem. Examples of fields spanning 

multiple disciplinary perspectives include public 

health, public policy, urban planning, sustainability 

sciences, and social ecology.

Academic and Professional Fields



Unidisciplinary

Multidisciplinary

Interdisciplinary

Transdisciplinary

Researchers from a single 
discipline work together to 
address a common problem 

Researchers from different disciplines
work sequentially, each from their 
own discipline-specific perspective, 
with a goal of eventually combining 
results to address a common problem

Researchers from different 
disciplines work jointly to 
address a common problem. 
Some integration of 
perspectives occurs, but 
contributions remain 
anchored in their own 
disciplines.

Researchers from different disciplines 
work jointly to develop and use a 
shared conceptual framework that 
synthesizes and extends discipline-
specific theories, concepts, and 
methods, to create new approaches to 
address a common problem 

Within

Across

D
i
s
c
i
p
l
i
n
e
s

(Adapted from Rosenfield, 
1992)



Translational Research and Practice

A sub-type of transdisciplinarity in which at 
least one academic discipline and one non-
academic epistemology are integrated for 
purposes of creating novel approaches to 
analyzing and resolving complex community 
and societal problems; sometimes referred to 
as ‘transdisciplinary action research’
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(Stokols, 2006)



Academic and Non-Academic Perspectives

Scientists/Academicians– discipline-centric and cross-disciplinary knowledge 
derived from theoretical analyses and empirical research

Lay Citizens and Community Stakeholder Groups– based on personal 
lifestyles, shared interests, subjective experiences, families, and other 
community groups

Business Leaders and Other Professional Groups– rooted in the experiences 
of businesses and financial institutions, and professional training in practice-
oriented fields (e.g., accounting, finance, corporate law)

Government Decision-Makers– rooted in institutional governance, political 
realities, market dynamics, policy and planning strategies



Arenas of TD Training for Translational Team Science



Methods and Tools for 

Strategic Team Science



Methods and Tools

• to enable the study of team science 
(including logic models of the relationships between 

antecedent factors, emergent processes, and outcomes 

in team science; methods and metrics to evaluate those 

relationships)

• to enhance the practice of team science 
(including team science guidebooks, toolkits, and 

training modules; philosophical dialogue and 

collaboration readiness audits)  



Maximize cross-disciplinary integration 

and innovation while minimizing the 

costs incurred through scientific and 

translational collaboration.

Strategic Team Science



Alternative Infrastructures for Promoting Team Science  

(these vary according to their place-basedor virtual qualities, size and duration of research 
programs, numbers of scientists participating, cross-disciplinary scope of the research undertaken)
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• RWJF Active Living Research Teams

• MacArthur Research Networks

• National Academies Keck Futures 
Initiative conferences and seed grants

• NCI Transdisciplinary Research and 
Training Centers (TTURC, TREC, 
CPHHD, CECCR)

• NCATS Clinical and Translational 
Science Awards

• NIAID Centers of Excellence for 
Biodefense and Emerging Infectious 
Diseases

• Institute for Social Research, U. Michigan
• Bond Life Sciences Center, U. Missouri
• Santa Fe Institute, New Mexico
• Ctr. for Adv. Study in Behav. Sciences, 

Stanford
• Socio Envtl. Synthesis Center, U. Maryland
• J. Craig Venter Institute, San Diego
• RAND Corporation, Los Angeles
• School of Social Ecology, UC Irvine
• Arizona State University
• NSF, NIH, NAS, CDC, TD-Net, RWJF, Keck

• Virtual collaboratories such as the  
“triple helix” Social Pharmacy and 
Pharmaco Epidemiology Group in the 
Netherlands; the NSF National Virtual 
Observatory; The Large Hadron
Collider Collaborations supported by 
the European Center for Nuclear 
Research (CERN)



Costs Arising from Mis-Matches Between 
Research Infrastructures and Participants’Goals

• Behavioral – fragmentation of scientists’ research activities

• Cognitive – information overload arising from participation in 
complex collaborative transactions and multiple collaborative spheres 

• Social – interpersonal conflict and strains arising from divergent 
scientific world views and disciplinary biases

• Organizational/Institutional – “sunk costs” invested in complex 
research infrastructures whose duration and sustainability are unclear

• Scientific/Community/Societal –investments of scarce resources for 
scientific research in“low-yield” initiatives; missed disciplinary or 
cross-disciplinary discoveries



Studies of Large-scale TD Research Centers:
Methods, Findings, and Lessons Learned



Features of Large Cross-Disciplinary 
Research and Training Initiatives

(Trochim, Marcus, Masse, Moser, Weld, 2008)

• Solicited through problem-focused RFAs

• Average annual expenditure of $5M per grant

• Usual duration of five years with opportunity for 
competitive renewals

• Often incorporate administrative, training, and 
translational cores in addition to research projects

• Typically comprised of multiple geographically-
dispersed centers and research sites



• Behavioral

• Affective

• Interpersonal

• Intellectual

• Intrapersonal

• Social

• Physical environmental

• Organizational

• Institutional

Antecedents Processes Outcomes

• Novel ideas

• Integrative models

• New training programs

• Institutional changes

• Innovative policies

Rudimentary Model of Transdisciplinary Scientific Collaboration

(Fuqua et al., 2004; Stokols et al., 2003, 2005)
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Conceptual Model for Evaluating Collaborative Initiatives  (Hall et al., 2008)
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Antecedent, Process, and Product Measures Used to 
Evaluate NCI TransdisciplinaryResearch Centers

• Researcher Surveys and Interviews

• Bibliometric Analyses

• Social Network Analyses

• Written Product Analyses



The TREC Baseline Survey March-June 2006

•New survey measures 
derived from theoretical 
and empirical analyses 
of “collaboration 
readiness” measures

•Development of an 
Online System for 
Survey Administration

•Coordination of IRB 
Approvals at Multiple 
Sites



Sample Research Orientation Items from the 
TREC Year-1 Evaluation Survey

Type of 
Research Sample Scale Items

UNI

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.

MULTI

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.

INTER/
TRANS

In my own work, I typically incorporate perspectives from 
disciplinary orientations that are different from my own.

TRANS
In my collaborations with others I integrate theories and models from 
different disciplines.

Items rated on a 5-Point Likert Scale: Strongly Disagree to Strongly Agree



Path Diagram for the Research Orientation Scale Including 
Factor Loadings and Factor Correlations

(Hall et al., 2007)



NCI Collaborative 
Activities Scale



Relationships Between Research Orientation and
Collaborative Behavior Scores

Those who rank higher on the Uni-disciplinary factor:

• Engage in fewer cross-disciplinary collaborative activities (r =-.35)

• Have fewer collaborators (r = -.36) 

Those who rank higher on the Multi-disciplinary factor:

• Engage in more cross-disciplinary activities (r = .52) 

• Have more collaborators (r = .36)

Those who rank higher on the Inter/Trans-disciplinary factor:

• Engage in more cross-disciplinary activities (r = .45)
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TD center publications have longer start up period compared to 
R01grants but become more productive over time. 

Publications Generated by TD Center Grants and 
R01 Investigator-Initiated Grants

(Hall, Stokols, Stipelman, Vogel, et. al., 2012)



(from Hall et al., 2011)



(from Hall et al., 2012)



Written Products Protocol
Sample Items



Changes in Cross-Disciplinary Integration from 
2006 to 2007 TREC Pilot Proposal Ratings

The percentage of proposals incorporating either multi- or 
inter-disciplinary approaches increased from 2006 to 2007.
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NAKFI Written Products Protocol
Adapted from the NCI WPP

Sample ratings of seed grant reports in terms of their 
unidisciplinary or cross-disciplinary emphases



NAKFI Seed Grant Report Measures

Each seed grant report was evaluated by at least two independent
peer reviewers on both quantitative and qualitative dimensions.



Evaluation of NAKFI Seed Grants 
Using the Written Products Protocol



Practical Implications and 
Future Directions



Intrapersonal

�Members' attitudes toward collaboration and 

their willingness to devote substantial time and 
effort to TD activities

�Members' preparation for the complexities and 
tensions inherent in TD collaboration

�Participatory, inclusive, and empowering 
leadership styles

Physical Environmental

�Spatial proximity of team members' 
workspaces to encourage frequent contact and 
informal communication
�Access to comfortable meeting areas for group 
discussion and brainstorming

�Availability of distraction-free work spaces for 
individualized tasks requiring concentration or 
confidentiality
�Environmental resources to facilitate members' 

regulation of visual and auditory privacy

Societal/Political

�Cooperative international policies that facilitate 

exchanges of scientific information and TD 
collaboration
�Environmental and public health crises that 
prompt inter-sectoral and international TD 
collaboration in scientific research and training

�Enactment of policies and protocols to support 
successful TD collaborations (e.g., those ensuring 
ethical scientific conduct, management of 
intellectual property ownership and licensing)

Organizational

�Presence of strong organizational incentives to 
support collaborative teamwork
�Non-hierarchical organizational structures to 
facilitate team autonomy and participatory goal 

setting
�Breadth of disciplinary perspectives represented 
within the collaborative team or organization
�Organizational climate of sharing 

�Frequent opportunities for face-to-face 
communication and informal information exchange

Technological

�Technological infrastructure readiness

�Members' technological readiness

�Provisions for high level data security, privacy, 

rapid access and retrieval

Interpersonal

�Members' familiarity, informality, and social 
cohesiveness

�Diversity of members' perspectives and abilities
�Ability of members to adapt flexibly to changing 
task requirements and environmental demands
�Regular and effective communication among 

members to develop common ground and 
consensus about shared goals
�Establishment of an hospitable conversational 
space through mutual respect among team 

members

Collaborative 
Effectiveness of 

Cross-Disciplinary 
Team Science 

Multiple Influences on the Effectiveness of Team Science

(Stokols, Misra, Hall, Taylor, & Moser, 
2008)



High-Leverage Collaboration Readiness Factors

• Leaders with collaborative and inclusive orientations

• Strong institutional support for cross-disciplinary collaboration

• Environments and technologies that enable collaboration

• Participants share a strong commitment to CD collaboration

• Team members have worked together on prior projects 

• Ample training and experience in cross-disciplinary team science



The Ecology of Translational Team Science Centers



Externalizing Shared Values and Team Identity 
Through the Physical Environment

Pacificare, Cypress, CA LSA Associates, Irvine, CA

Google-Zurich LSA Associates, Irvine, CA



A set of personal attributes that emerges 

gradually over the course of a scholar’s 

career and is shaped through exposure to 

multiple learning environments, mentors, 

and research settings

Educational Challenge Posed by the Requirements of Team Science

Nurturing a TransdisciplinaryOrientation



Undergraduate Interdisciplinary Research Teams



Key Facets of a TD Orientation

• TD Values- that predispose students, scholars, and practitioners toward 
acquiring a broad understanding of research and societal problems; the 
motivational core of a TD orientation

• Beliefs – that integrating concepts and methods from diverse fields is 
essential for achieving important scientific and societal advances

• Attitudes – favorable toward engaging in integrative scholarship 
bridging multiple disciplines

• Behaviors – conducive to learning about and synthesizing concepts and 
methods from disparate fields, and collaborating effectively as a 
research team member

• Conceptual skills and knowledge – that enable scholars to traverse 
multiple levels of analysis and to consider the interrelations among them; 
synthesize disparate disciplinary approaches; and develop novel 
conceptualizations that transcend pre-existing constructs and theories



Methods and Tools to Enhance the 

Practice of Team Science



NIH Ombuds Office – Team Science Field Guide

https://ccrod.cancer.gov/confluence/display/NIHOMBUD/Home



https://www.teamsciencetoolkit.cancer.gov/public/home.aspx?js=1



SciTSOnline Training Modules

http://www.teamscience.ne
t

http://scienceofteamscience.northwestern.edu/team-science-resources



Thank you!


