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Methods and Tools

* {0 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)

* {0 enhance the practice of team science
(including team science guidebooks, toolkits, and

training modules; philosophical dialogue and
collaboration readiness audits)



Strategic Team Science

Maximize cross-disciplinary integration
and Innovation while minimizing the
costs Incurred through scientific and

translational collaboration.



Alternative Infrastructures for Promoting Team Science

Duration

Shorter-Term Longer-Term

® Virtual collaboratories such as the
“triple helix” Social Pharmacy and
Pharmaco Epidemiology Group in the

® RWJF Active Living Research Teams

S ® MacArthur Research Networks - _
8 = Netherlands; the NSF National Virtual
S S | * National Academies Keck Futures Observatory; The Large Hadron
S Initiative conferences and seed grants Collider Collaborations supported by
c the European Center for Nuclear
8_ Research (CERN)
D
0 ® Institute for Social Research, U. Michigan
D ® NCI Transdisciplinary Research and ® Bond Life Sciences Center, U. Missouri
E_ . CPHHD, CECCR) ® Ctr. for Adv. Study in Behav. Sciences, Stanford
E ® NCATS Clinical and Translational ® Socio Envtl. Synthesis Center, U. Maryland
= Science Awards ® J. Craig Venter Institute, San Diego
L . ® RAND Corporation, Los Angeles
N.IAID Centers of Excgllence fo_r ® School of Social Ecology, UC Irvine
Biodefense and Emerging Infectious e Arizona State Universit
Diseases . ona tate ersity

NSF, NIH, NAS, CDC, TD-Net, RWJF, Keck

(these vary according to their place-based or virtual qualities, size and duration of research
programs, numbers of scientists participating, cross-disciplinary scope of the research undertaken)



Features of Large Cross-Disciplinary
e Research and Training Initiatives

® 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

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



Rudimentary Model of Transdisciplinary Scientific Collaboration

Antecedents

* Intrapersonal
* Social
* Physical environmental
» Organizational
* Institutional

Processes

» Behavioral
» Affective

* Interpersonal

e Intellectual

Outcomes

* Novel ideas
* Integrative models
* New training programs
* Institutional changes

* Innovative policies

(Fuqua et al., 2002; Stokols et al., 2003)
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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 Transdisciplinary Research Centers

® Researcher Surveys and Interviews

* Bibliometric Analyses

® Social Network Analyses

* Written Product Analyses



The TREC Baseline Survey March-June 2006

2 TREC Baseline Survey - Microsoft Internet Explorer
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(?l-REC TREC Baseline Survey ('?l-REC

Progress:[ |

This survey i part of the TREC initiative evaluation. A recent letter, sent to each of the TREC investigators from Robert Croyle and Linda
Mebeling, expressed the importance of the evaluation and we hope you found it helpful in explaining your role in this important endeavor
Click here to review the letter,

The following survey items pertain to your TREC-related activities and experience as well as some pre-TREC research experiences and
perspectives. Your candid responses to the survey iterns will enable the National Cancer Institute to better understand the processes and
outcomes of the TREC Initiative. Moreaver, investigators' collective responses to the survey will provide useful infarmation about the angoing
activities and accomplishments of the TREC centers and suggest ways in which TREC-related research and training activities can be
enhanced over the course of the TREC Initiative. As specified in the preceding statement of informed consent, your responses will remain
confidential. Any future reports of the survey findings will maintain the anonymity of each investigator's individual responses. We hope that
you will decide to complete the survey as your responses are wital to the success of the TREC Initiative and other collabaorative research
initiatives.

Thank you in advance far your participation - we greatly appreciate your time and assistance.

Mame: Mathan A Berger

[ - Consent Text Here --

() Decline

Save and Exit‘ Next |

® 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

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
UNI discipline.

While working on a research project within my discipline, | sometimes
feel it is important to seek the perspective of other disciplines when
MULTI  trying to answer particular parts of my research question.

INTER/ | Inmy own work, I typically incorporate perspectives from
TRANS  disciplinary orientations that are different from my own.

In my collaborations with others | integrate theories and models from
TRANS  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

Uni
-58
=61
69
Inter
fTrans

(Hall et al., 2007)

B3

[ tend to be more productive working on my own research projects than
working as a member of a collaborative rescarch team.

B8

There is so0 much work to be done within my ficld that[ feel it is
important to focus my research efforts with others in my own discipline.

55

The research questions [ am often interested in generally do not warrant
collaboration from other disciphnes.

‘While working on a research project within my discipling, [ sometimes
fzel it 15 important to seck the perspective of other disciphines when
trving to answer particular parts of mv rescarch question

Although [ rely primarily on knowledge from my pomary field of
interest, [ usually work interactively with colleapues from other
disciplines to address a rescarch problem.

[ believe the beneiits of collaboration among scientists from different
disciphines usually oubaeigh the Incomveniences and costs of such work.

In my own work, [ tvpically incorporate pespectives from disciplinary
orientations that are difference from my own.

Although [ was tramned 1in a particular discipling, [ devote much of my
time to understanding other disciplines in order to infomm my research.

[n my collaborations with others [ integrate research methods from
different disciplines.

In my collaborations with others [ integrate theorics and models from
different disciplines.




Please assess the frequency with which you typically engage in each of the activities listed below using the

following 7-point scale.

a. Read joumals or publications outside of
your primary field

b. Attend meetings or conferences outside
of your primary field

c. Participate in working groups or
committees with the intent to integrate
ideas with other participants

d. Obtain new insights into your own work
through discussion with colleagues who
come from different fields or disciplinary
orientations

€. Modify yourown work or research
agenda as a result of discussions with
colleagues who come from different
fields or disciplinary orientations

f. Establish links with colleagues from
different fields or disciplinary
orientations that have led to or may lead
to future collaborative work

g. Collaborate with members of your own

TREC centers on developmental projects.

h. Collaborate with members of other
TREC centers on developmental projects

i. Collaborate with investigators from other
TREC centers in ways other than
developmental projects

Never Rarely
O (N
O a
O |
0 u
0 0
0 0
0 (N
a O
O |

Once
a

Twice
a

Quarterly

O

0

Monthly

a

0

Weekly

O

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)



Correspondence Analysis of the Degree to Which TTURC-I Investigators
Worked Closely With Each Other to Integrate Ideas
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(Stokols et al, 2005)



Assessing the Value of Team Science
A Study Comparing Center- and Investigator-

Initiated Grants

Kara L. Hall, PhD, Daniel Stokols, PhD, Brooke A. Stipelman, PhD,
Amanda L. Vogel, PhD, MHS, Annie Feng, PhD, Beth Masimore, PhD, Glen Morgan, PhD,
Richard P. Moser, PhD, Stephen E. Marcus, PhD, David Berrigan, PhD

This activity is available for CME credit. See page A3 for information.

Background: Large cross-disciplinary scientific teams are becoming increasingly prominent in the

conduct of research.

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

Methods: All grants began between 1994 and 2004 and up to 10 years of publication data were collected
for each grant. Publication information was compiled and analyzed during the spring and summer of 2010.

Results: Following an initial lag period, the transdisciplinary research center grants had higher
overall publication rates than the investigator-initiated RO1 {MIH Research Project Grant Frogram)
grants. There were relatively uniform publication rates across the research center grants compared to
dramatically dispersed publication rates among the RO1 grants. On average, publications produced
by the research center grants had greater numbers of coauthors but similar journal impact factors
compared with publications produced by the R0OI grants.

Concluslons: The lag in productivity among the transdisciplinary center grants was offset by their
overall higher publication rates and average number of coauthors per publication, relative to
investigator-initiated grants, over the 10-year comparison period. The findings suggest that trans-
disciplinary center grants create benefits for both scientific productivity and collaboration.

(Am J Prev Med 201 2:42(2):157-163) Published by Flsevier Inc. on behalf of American Journal of Preventive

Medicine

Background

he rapid proliferation of scholarly knowledge and

I the increasing complexity of social and scientific
problems have prompted growing investments in

team science initiatives.' ® These initiatives typically last

From the Division of Cancer Control and Population Sciences (Hall, 5ti-
pelman, Morgan, Moscr, Bcrripn}. M ational Cancer Inststute; the Center
for Bioinformatics and Computational B {Marcus), National Insti-
tute of General Medical Sciences, NIH, Bethesda, Clinical Research Direcs
torale/CMEBP (Vogel). SAIC-Frederick, Ine.. NCI-Frederick, Fradenck,
Maryland; Discovery Logic {Masimore), Rockville. Maryland; the School of
Social Ecology (Sokols), University of California, Irvine, Irvine, California;
and Feng Consulting (Feng), Livingston, New lerscy

Stephen Marcus was employed at the National Cancer Institute when
this research was completed.

Address correspondence foc Kara L Hall, Phi), the Division of Cancer
Contrel and om Sciences, Mationa] Cancer Institute, 6130 Execu-
tive Bhed., MSC 7338, Executive Mlara North, Room 4078, Bethesda MDD
20862, E-mail: hallkagmail.nih gov.

O749-3797/536.00

doi: VL1016 amepre. 200 100011

Published by Elsevier Inc. on behalf of American Journal of Preventive Medicine

5 to 10 vears and are dispersed across different depart-
ments, institutions, and geographic locations.™ "' Many
of these initiatives are based on the belief that team-based
research integrating the strengths of multiple disciplines
may accelerate progress toward resolving complex soci-
etal and scientific problems.'"* The health sciences, in
particular, have embraced this approach to address per-
vasive public health threats such as those associated with
smoking, obesity, and environmental carcinogens."* '®
Cross-disciplinary collaboration ranges from the least-
integrative form of team science, multidisciplinary collab-
aration, to the most-integrative, transdisciplinary collab-
aration, with interdisciplinary collaboration  falling
between those.'”"® Participants in multidisciplinary and
interdisciplinary collaborations remain conceptually and
methodologically anchored in their respective disci-
plines, although some exchange of diverse perspectives
occurs among research partners. Participants in transdis-
ciplinary collaborations transcend their disciplines, en-

Am ] Prev Med 2012;42(2):157-163 1567



Publications Generated by TD Center Grants and
RO1 Investigator-Initiated Grants

SILITITIL
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TD center publications have longer start up period compared to
RO1grants but become more productive over time.

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



Stacked RO1 Co-Authorship Network  (from Hall et al., 2011)
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(from Hall et al., 2011)

TTURC Co-Authorship Network
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—~
‘A TREC Written Products Protoco

Transdisciplinary Research on
Energetics and Cancer Centers

Sample Items

VI  Indicate your subjective rating of the proposal regarding its tvpe of cross-disciplinary

integration (select one):

Type h;:; :gt;:;;n hwlplmar}' Example of cross-disciplinary integration type
Unidisciplinarity 15 a process i which
[:1) researchers from a single discipline work A team of pharmacologists collaborate on a laboratory study of the
D Umd:sc:phnary together to address a commen research relationships between micotine consumption and insulin metabolism.
problem.

Mulndiseiplimarity 15 a sequential process
wherely researchers in different disciplines
D [:2} work independently, each from his or her own

MUIﬁdlSClp]lﬂm’_Y diseipline-specific perspective, with a goal of
eventually combming efforts to address a
common research problem.

A pharmacologist, health psvehologist, and neuroscientist each
contribute sechons to a mult-authored manuseript that reviews
research in thewr respective fields pertaimng to the hinks between
nicotine consumption, changes in brain chermstry and calonie intzke
mduced by mcotine, and physical activity levels.

Inmterdisciplinarity 15 an interactive process in
{:3} which researchers work jointly, each drawing

A pharmacologist, health psyehologist, and newroscientist conduct a
collaborative study to examine the inferrelations between patterns of

D T from his or her own disciphne-specific nicotine consumption, brain chemstry, caloric mtake, and physical
Interdisciplinary perspective, to address 3 common research activity levels. Their research desipn meorporates eonceptual and
problem. methodological approaches drawn from each of their respective fialds.
T ’ : A pharmacologist, health psychologist, and newroscientist conduct a
gdnls_iu] WIE o ml i'e:gr:ll‘r: %':“55 collaborative study to examine the interrelations between nicotine
. e o P consumption, brain chermistry, caloric intake, and ical activ
[ () ::I:';:Ise_a ﬂf—f::‘d conceptual framework that T ) ¥ E et gl aclouty
esizes extends discipline-specific . ) .
T[aﬂgmsqplmmy thearies, concepts, and/or methods to create Based m'ﬂ:.wducus:lnns,ﬂ:!ydew.ﬂ.upznlarobeh;w?lmnfdduf
new models and lanzuage to address a ﬂ:.elm]:sbetwaentobay:cucmsum:ptm.bﬁm:bamshj’,mm]m
common research problem. metabohism, physical actnaty, and obesity that integrates and extends
the concepts and methods drewm from thew respectrve fields.
VII. Indicate your overall subjective rating of the proposal regarding the scope of

transdisciplinary integration. In other words, indicate the breadih or extent to
which there is integration of analytic levels, analytic methods, and discipline-specific

concepts (circle one number):

1 2 3 4 =] 6

None

Substantial




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

Cross-disciplinary Integration: A Comparison between 2006
and 2007 Proposal Rating

801

70

60 |

50

Percent 40
30

20

10

0]

m 2006
W 2007

The percentage of proposals incorporating either multi- or
Inter-disciplinary approaches increased from 2006 to 2007.



NAKFI Written Products Protocol

KECK FUTURES INITIATIVE

Adapted from the NCI WPP

Type of Cross-
Disciplinary Integration
Transdisciplinary

Interdisciplinary

Multidisciplinary

Unidisciplinary

Number of Grants

Project Characteristics

Creative integration of
disparate disciplines (tools,
concepts, or methods)
leading to a new idea

Application of tools and
theories of one discipline to
another

Consolidation / synthesis of
different research areas

Investigators working
separately on different areas
of the problem without
much integration

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



KECK .FUTUHES INITIATIVE

NAKFI Seed Grant Report Measures

Quantitative Ratings
Reviewers:

Facets of Integration

Concepts 3
Implementation 1
Analytic levels 2
Analytic methods 2
Discipline-specific concepts 3

Broad Measures
Intellectual quality
Creativity

Scientific impact
Societal impact
Overall quality
Inter-rater Reliability:

=W B R W

N T TSR I VS

R =

Scientific Contributions Identified
Development of a new theory

Extension of an existing theory
Development of a new methodology
Development of a new translational tool
Development of a new device

Other Contribution

R © H

Collaborative Resources Identified
Development of a new research center
Grant support from other sources
Additional institutional support
Graduate student and/or post-doctoral
scholar research support

New research collaborations
Organization of interdisciplinary meetings
Development of electronic resources
Establishment of new interdisciplinary
training programs

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

KECK FUTURES INITIATIVE

Figure 1: Schematic Representation of Correlations between WPP Items
Genomics & Smart Prosthetics Data Combined (N=25)

Scientific Impact 0.56 Societal Impact

\

0.60

Overall Quality
0.40

l \ 0.68 \

0.41 0.43 Intellectual Quality
| N\

Creativity

#0.54‘ o

Integration of
Discipline-specific
Concepts

0.43

Integration of Integration of Integration of Integration of
Concepts & Ideas Analytic Methods Analytic Levels Implementation




Practical Implications and
Future Directions



Multiple Influences on the Effectiveness of Team Science

Interpersonal
v Members' familiarity, informality, and social Orq an izati o) nal
cohesiveness
I ntrapersonal v Diversity of members' perspectives and abilities L . .
o ' « Ability of members to adapt flexibly to changing v Presence of strong organizational incentives to
v Mempgrs attitudes toward coIIab.orat'lon and task requirements and environmental demands support (_:ollabo!'atlve teamwgrk
their willingness to devote substantial time and v Regular and effective communication among v Non-hierarchical organizational structures to
effort to TD activities members to develop common ground and facn_ltate team autonomy and participatory goal
. , » consensus about shared goals setting o ,
v Members’ preparation for the complexities and v Establishment of an hospitable conversational v Breadth of disciplinary perspectives represented
tensions inherent in TD collaboration space through mutual respect among team within th_e cpllaborgtlve team or_organlzatlon
members v Organizational climate of sharing
v Participatory, inclusive, and empowering v Frequent opportunities for face-to-face
leadership styles

communication and informal information exchange

Collaborative
Effectiveness of

Cross-Disciplinary
Team Science

Physical Environmental

v Spatial proximity of team members' workspaces
to encourage frequent contact and informal
communication

v Access to comfortable meeting areas for group

Technological

v Technological infrastructure readiness

discussion and brainstorming Societal/Political v Members' technological readiness
v Availability of distraction-free work spaces for
Icr:)(?':;/il(;j;r?tlilgﬁtd tasks requiring concentration or v Cooperative international policies that facilitate v Provisions for high level data security, privacy,
; y . . exchanges of scientific information and TD rapid access and retrieval
v Environmental resources to facilitate members -
. - . . collaboration
regulation of visual and auditory privacy

v Environmental and public health crises that
prompt inter-sectoral and international TD
collaboration in scientific research and training

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

(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

Research Center — Community
Collaborations

1111111111111111111
..........
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" Heath - . Extra-Center Environment
of a Multi-Center S}rstern

11111111111111111111
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(Stokols, 2012)



Externalizing Shared Values and Team
ldentity

rhrarnah The Physical Fnvironment

Google-Zurich LSA Associates, Irvine, CA



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
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