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Hallmarks of Convergent Science

• Involves deep integration across disciplines

• Driven by a specific and compelling problem

• Often leads to co-production of knowledge 
by researchers and community stakeholders

(https://www.nsf.gov/od/oia/convergence/index.jsp)



Grand Challenges of the 21st Century

• Environmental

• Sociopolitical

• Technological



Wicked and Super-Wicked Problems

• Wicked

• Super-Wicked

Rittel, H. W. J., & Webber, M. M. (1973). Dilemmas in a general theory of planning. Policy Sciences, 4(2), 155-169.

Levin, K., Cashore, B., Bernstein, S., & Auld, G. (2012). Overcoming the tragedy of super wicked problems: Constraining 
our future selves to ameliorate global climate change. Policy Sciences, 45(2), 123-152.

Multiple, highly interdependent causes and 
outcomes at multiple scales, no clearly designated 
entities responsible for solving the problem

All of the above, plus extreme time urgency for 
solving the problem



Global Climate Change and Its Impacts

• rising levels of greenhouse gases and earth temperatures
• melting of polar ice caps, sea rise, flooding
• mass migrations of climate refugees
• disruption of ocean currents, extreme weather events
• acidification and deoxygenation of the oceans
• biodiversity loss
• food insecurity
• disease pandemics
• poverty and income inequality
• regional and international conflicts over scarce resources



Population Groups Disproportionately Exposed to Climate Hazards

Island residents and 
those living in coastal 
regions, flood zones, 
arid and polar regions 

Impoverished women, 
children, elderly and 
the infirm

Arizona Desert AreaFlooding in Bangladesh

Zaatari Camp on the 
Jordanian-Syrian Border

Migrant Mother 
in the U.S.

Elderly and Homeless 
in the U.K. 

Polar Ice Sheets Melting

Greta Thunberg Leading 
a Climate Strike



Linking Multi-Scale Influences on Sustainability and Health



Urban Sprawl, Air Pollution, and Alzheimer’s Disease

(Cacciottolo et al., 2017; Calderon-Garciduenas et al., 2018; Jung et al., 2015)

Los Angeles Mexico City

Cumulative exposure to combustion-derived nanoparticles (CPM2.5) were linked to pre-clinical AD (NFTV, amyloid 
phases 1-2, Htau) in Mexico City residents ranging in age from 11 months to 40 years. APOE4 carriers had 23.6 times 
higher odds of NFTV than non-carriers with similar CPM2.5 exposure and age (Calderon-Garciduenas et al., 2018).



(2014)

Changing Conceptions of 
Convergence

(2019)

• Broader cross-disciplinary scope

• Greater emphasis on linking team 
science research and convergence

• Explicit consideration of strategies for 
creating a culture of convergence in 
research organizations

• Closer look at the interplay between 
divergent  and convergent thinking in 
research teams



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.�



Cross-Disciplinary Teamwork Can Propel Innovation

Particle Detection: 
Physics  and Machine 

Learning

Alzheimer’s Disease 
and Neuroscience

Medical Humanities

..Sa
v
e

Earth System 
Science



But cross-disciplinary teamwork is quite challenging…
It’s Labor Intensive 

• coordination
• communication 
• training

Administratively Complex
• disagreements and conflict 
• formalized collaborative plans

Poses Opportunity Costs
• reduced individual credit 
• career jeopardy



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

https://www.inscits.org/



Types of Teams

• Military Teams

• Factory Teams

• Corporate Teams

• Surgical Teams

• Emergency Response Teams

• Science Teams



A Continuum of Disciplinary Integration

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 & use a shared conceptual 
framework that synthesizes & extends 
discipline-specific theories, concepts, & 
methods to create new approaches to address 
a common problem 

Within

Across

D
isciplines

Adapted from: Rosenfeld, 1992;  Hall et al., 2008, 2018; Falk-Krezsinski, 2012; Austin et al., 2008; Nissani, 1995



Key Facets of the Convergence Ecosystem

• Funding agency and 
foundational support for 
team science initiatives

• Institutional incentives for 
cross-disciplinary 
partnerships

• Team-level supports

• Cultivating individual core 
competencies 



Institutional Leverage Points 
for Promoting Convergence

• Campus mission statements

• Tenure and promotion criteria

• Credit and resource sharing

• Seed grants and collaborative support

• Shared space and facilities 

• Education and mentorship



Tools to Assist Faculty in Identifying Their Contributions to 
Collaborative Scholarship in Promotion and Tenure Reviews

(https://ap.uci.edu/faculty/guidance/)



(https://ap.uci.edu/faculty/guidance/collablist/)

Contribute the key idea behind the work

Help obtain grant funding

Bring statistical expertise 

Provide overall project administration, leadership

Be a liaison to a key community or 
organization

Take leadership in creating research papers

Create theoretical ideas or frameworks

Do significant work in editing papers



Credit and Resource Sharing

• Implement more effective credit sharing 
strategies for inter-school grants

• Improve policies for distributing indirect costs



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 to collaborate
Overlapping activity zones       more likely to receive joint grants



Externalizing Shared Values and Team Identity 
Through the Physical Environment

Pacificare, Cypress, CA LSA Associates, Irvine, CA

Google-Zurich LSA Associates, Irvine, CA



Strengthening Team-Level Capacities 
for Transdisciplinary Collaboration

• Measure and strengthen 
transdisciplinary orientation 
and integrative capacity 

• Measure additional assets and 
constraints known to influence 
team effectiveness

• Suggest strategies for 
remedying weaknesses and 
bolstering success



Key Facets of Team-Based Scholarship

• Promoting Social Integration

• Fostering Intellectual Synergy

Using the Idea Tree Exercise to incubate and integrate novel ideas

https://i2insights.org/2019/03/12/idea-tree-brainstorming-tool/



Integrating Divergent and Convergent Ideation 
in Research Teams

(Ulibarri et al., 2019)



Educating Convergent Cross-Disciplinary Scholars



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



Training Resources for Team Science

https://www.teamsciencetoolkit.cancer.gov

https://www.cancer.gov/about-nci/organization/crs/research-
initiatives/team-science-field-guide

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

http://tdi.msu.edu/

http://tdi.msu.edu/workshops/

https://www.teamsciencetoolkit.cancer.gov/
https://www.cancer.gov/about-nci/organization/crs/research-initiatives/team-science-field-guide
http://www.teamscience.net/
http://www.scienceofteamscience.org/scits-a-team-science-resources
http://tdi.msu.edu/
http://tdi.msu.edu/workshops/

