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Why is convergent science so challenging?

• Labor Intensive (greater coordination, 

communication, training required)

• Administrative Complexities 
(higher potential for disagreements, conflict, 

formalized collaborative arrangements)

• Opportunity Costs (reduced individual 

productivity, career jeopardy especially 

among junior scholars)



Maximize cross-disciplinary integration

and innovation while minimizing the

costs incurred through scientific and

translational collaboration.

Strategic Team Science









Crystal Cove State Park, Newport Coast, California



Paradigms for Understanding 

Health and Illness

• Biomedical Model

• Biopsychosocial Model

• Social Ecological Model



Pathogen

Germ Theory of Infectious Disease

Host Illness Symptoms

(1878)



Cold Virus

Biopsychosocial Model of Susceptibility to Colds

Host
Severe Cold 
Symptoms

Cold Virus
Mild or No Cold 

Symptoms

High Psychological Stress

Low Psychological Stress

(Cohen, Tyrell, & Smith, 1991)

Host



The Social Ecology of Obesity



The Social Ecology of Society-Nature Relationships
The Pacific Ocean Trash Vortex



Members of the ALICE Collaboration, A Large Ion Collider Experiment

Cultivating Core Competencies for Convergent Team Science 
The Four T’s of Research Training in the 21st Century



Influences on Convergent Science 

Beyond the Team and its Immediate and 

Institutional Environments

Institutional Multi-Team System in 

which the Team (T1) is Embedded

Team’s Immediate Environment

Individual Team 

Members

Physical-Spatial, Social, 

Organizational, and 

Technological Features

T4

Private Sector

T3

T2

T1

NGOs

Government

Policies

Funding 

Agencies

(Stokols, 2018)

The Convergent Science Ecosystem



Key Facets of the 

Convergent Science Ecosystem

• Funding agency and foundational 

support for convergent science

• Institutional incentives for cross-

disciplinary partnerships

• Team-level supports

• Individual core competencies 



Funding Agencies and Private Foundations

• Require applicant teams to submit 

collaboration plans in their as part of their 

grant applications, and provide periodic 

reports of progress toward meeting 

collaborative goals

• Improve review procedures for evaluating 

cross-disciplinary grant proposals

• Conduct post-grant reviews to assess the 

outcomes of convergent science initiatives 





(Hall, Vogel, & Crowston, 2014: https://www.teamsciencetoolkit.cancer.gov/Public/TSResourceBiblio.aspx?tid=3&rid=3119)



Bolstering Campus Incentives for 

Convergent Science

• Campus mission statements

• Tenure and promotion criteria

• Credit and resource sharing

• Seed grants and collaborative support

• Shared space and facilities

• Education and mentorship



Recognizing Individual Contributions to Team Science 

in Promotion and Tenure Reviews



Shared Space and Facilities

(Kabo, Hwang, Levenstein, & Owen-Smith, “Shared paths to the lab”, Environment and Behavior, 2013)

Same building 33% more likely to collaborate
Same floor 24% more likely
Overlapping activity zones more likely to receive joint grants



Team-Level Supports for Convergent Science

Knowledge from the science of team science 

(SciTS) can be used to enhance the processes 

and outcomes of convergent science teams



The Science of Team Science

…an interdisciplinary 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



Sustained Rise in Teamwork Over Five Decades 

and Across Multiple Fields

(Data drawn from Web of Science and all U.S. Patents. From Wuchty, S., B. F. Jones, et al. (2007, Science) 

“The increasing dominance of teams in production of knowledge.”



Evolution Toward Team Science and Large Research Networks

(Barabasi, Science, 2005)



Increasing Specialization of Disciplines and 

the Growing Burden of Knowledge

Ben Jones (June 2013), “Teamwork and the Burden of Knowledge” SciTS Conference, Northwestern University; 

see also Jones (2009, Rev. of Economic Studies)

The Wright Brothers’ Flying Machine

Kitty Hawk, NC, 

12-14-1903
http://mredwrightbros.blogspot.com/

Boeing 787 Dreamliner, 2013

30 disciplines needed for engine design
http://www.compositestoday.com/2012/11/boeing-steps-

up-787-dreamliner-production//



Interdisciplinary Collaboration Leads to Major Advances in 

Science, Environmental Policy, and Public Health

The Case of Atmospheric Ozone Depletion F. Sherwood Rowland and Mario Molina in their UCI lab

Rowland and Molina, Awarded the 1995 Nobel Prize 

in Chemistry Along With Paul Crutzen



Destruction of the Earth’s Stratospheric Ozone Layer by 

Chlorofluorocarbons (CFCs) and Other Ozone-Depleting Substances

Photo of Antarctic Ozone Hole in 1984, NASA 



The Montreal Protocol
Multilateral Intervention to Confront a “Wicked Problem”

(http://ozone.unep.org/en/treaties-and-decisions/montreal-protocol-substances-deplete-ozone-layer)



.

The Keeling Curve – Tracking Atmospheric CO2 Levels 
1958-1972

(https://scripps.ucsd.edu/programs/keelingcurve)



.

Changes in Atmospheric CO2 Over 800,000 years

(https://scripps.ucsd.edu/programs/keelingcurve)



The geological period marked by 

the substantial impact of human 

activities on the earth system

(Crutzen & Stoermer, 2000)



“Of all the candidates for a start date for the Anthropocene, the beginning of the Great 

Acceleration is by far the most convincing from an earth system science perspective (p.81).”

(Steffen et al., 2015)

Trajectory of the Anthropocene
Aftermath of the Great Acceleration,  1950-2010



Multilateral Collaboration in Global Environmental 

Governance (e.g., Montreal Protocol, MDGs, SDGs, 

Paris Climate Accord, Global Covenant of Mayors); 

Planetary Boundaries, IPCC Benchmarks and Goals

Smart City Infrastructures Powered 

by Renewable Fuels; Municipal, 

State, and National Regulations 

Ecological Footprints of 

Homes, Neighborhoods, 

Workplaces, Schools

Sustainable Values, 

Behaviors and 

Lifestyles; Health 

Outcomes Among 

Individuals and 

Groups

Multi-Scale Influences on Urban Resilience and Sustainability

(Stokols, 2018)
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The Science of Teams

...a research domain at the interface of organizational, cognitive, and 

applied psychology concerned with understanding the composition, 

dynamics, and effectiveness of diverse teams and organizations



Facets of Team Effectiveness

(Hackman, 1987; Kozlowski & Ilgen, 2006; McGrath, 1964)

Performance Outputs

judged by relevant others external to team

Member Satisfaction

how well the team meets members’ needs

Team Viability

the willingness of members to remain in the team



Key Leverage Points for Influencing 

Team Effectiveness 

(cf., Dyer, 1984; Hackman & Wageman, 2005; Klimoski & Jones, 

1995; Kozlowski & Ilgen, 2006; Salas et al., 2008; Wang et al., 2014)

• Team Composition and Assembly

• Education and Training

• Leadership and Management



Dimensions of Team Science  

DIMENSION RANGE

Diversity

Integration 

Size 

Proximity

Goal alignment

Boundaries

Task 

Interdependence

(http://sites.nationalacademies.org/dbasse/bbcss/enhancing_effectiveness_of_team_science/index.htm)



High-Leverage Collaboration Readiness Factors

• Team members have worked together on prior projects

• Participants share a strong commitment to collaboration

• Leaders with collaborative, inclusive, and empowering orientations

• Ample training and experience in cross-disciplinary team science

• Strong institutional support for cross-disciplinary collaboration

• Environments and technologies that enable collaboration



Externalizing Shared Values and Team Identity 

Through the Physical Environment

Pacificare, Cypress, CA LSA Associates, Irvine, CA

Google-Zurich LSA Associates, Irvine, CA



Training Resources for Team Science

https://www.teamsciencetoolkit.cancer.gov

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

http://www.teamscience.net

http://www.scienceofteamscience.org/scits-a-team-science-resources

https://www.teamsciencetoolkit.cancer.gov/public/home.aspx?js=1
https://ccrod.cancer.gov/confluence/display/NIHOMBUD/Home
http://www.teamscience.net


CROSS-DISCIPLINARY COLLABORATION - ANALOGY

• Unidisciplinary research

• Three cross-disciplinary research orientations

– Multidisciplinary

• Independent, Sequential, Divisional

• Exchange 

– Interdisciplinary

• Joint, Interactive, Partnership

• Dialogue, Exchange, Hybridization, Complementary

– Transdisciplinary

• Integrative, Interdependent, Immersive

• Reciprocity, Discourse, Share Vocabulary, Extends

(Adapted from Holly J. Falk-Krzesinski, 2012; Austin et al., 2008; Nissani, 1995) 



Nurturing a Transdisciplinary Orientation

• Values- that predispose one 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 – that are 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, synthesize disparate disciplinary approaches, 

and develop novel conceptualizations that transcend pre-existing 

constructs and theories



Formation of Interdisciplinary Undergraduate Research Teams





TD center publications have longer start up period compared to 

R01 grants but become more productive over time. 

Publications Generated by TD Center Grants and 

R01 Investigator-Initiated Grants

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


