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Why Team Science?

1.1. Setting the Stage

ISSUE - Dealing with Aristotle’s Legacy

Disciplines are distinguished partly for historical
reasons and reasons of administrative convenience
(such as the organization of teaching and of
appointments)... But all this classification and
distinction is a comparatively unimportant and
superficial affair. We are not students of some
subject matter but students of problems. And
problems may cut across the borders of any
subject matter or discipline (Popper, 1963).

What is critical to realize is that “the way in which our universities have divided up
the sciences does not reflect the way in which nature has divided up its problems”
(Salzinger, 2003, p. 3)

CHALLENGE - Collaboration across the sciences

Must now bring together people from differing disciplines (and
sometimes professions) so as to address the multi-faceted nature of
complex problems




Why Team Science? &

1.1. Setting the Stage

ISSUE - Prevalence of Interdisciplinary Research
Collaborations influencing the practice of science
Interdisciplinary collaboration influencing production of knowledge

CHALLENGE 1 — Make use of what we know now

Need to better translate extant knowledge on collaboration and on
interdisciplinarity to the practice of science

CHALLENGE 2 - Much remains unknown with
regard to interdisciplinary research

Difficulty in defining what is meant by
interdisciplinarity

Problem in understanding how to do
interdisciplinary research
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1.1. Setting the Stage

Consider what was published on this topic in the
journal Science:

"The interdisciplinary approach is becoming one of the prominent
characteristics of [science] and represents a synthesizing trend
which focuses the specialized research techniques on problems
common to a number of separate disciplines. Such cooperative
research has to overcome serious obstacles when operating
within the existing departmentalized framework of the
universities. It appears that real progress in this direction will be
made in institutions which are organized on a permanent and
frankly cooperative basis. Psychologically, interdisciplinary
research requires not only abstract, theoretical intelligence..., but
also ‘social intelligence.’ Cooperative work is a social art and has
to be practiced with patience.”
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1.1. Setting the Stage

What is informative here?
Increasing influence/importance
of interdisciplinarity as method
of inquiry
Challenge of interdisciplinarity
distinguished in 2 ways

1) The problem of infrastructure - tangible and tacit

Inherent challenge associated with structure of the modern university - the
discipline bound department - and the tacit norms which prevent or stifle
interaction amongst them

2) The problem of interaction

Difficulty inherent in communicating and collaborating across disciplines
and how patience and a particular form of social intelligence are necessary
precursors to effective collaboration in such environments




Why Team Science?

1.1. Setting the Stage

Anyone familiar with some manner of cross-disciplinary collaborative
effort will likely have experienced some or all of these factors

So one might wonder why this quote is particularly informative

What is informative is not what was said,
it is when it was said

Written well over a half century ago
in one of first articles specifically
addressing interdisciplinary research
(Brozek & Keys, 1944).

Science still struggles so why should we think anything will change?

Should we be so bold as to think that we have a better chance at
overcoming these challenges than those from generations before us?



Why Team Science?

1.1. Setting the Stage

YES - for THREE main reasons:

Increased emphasis on collaborative research projects that create a team of
scientists to address some complex phenomenon

Policy, Academia, and Industry communities all making more of a concerted
effort to examine scientific collaborations

Tremendous growth in the study and understanding of groups and teams

It is the scientific study of teamwork that could
be the true catalyst for change

Matured into its own area of inquiry
producing a rich base of knowledge

Helped us to better understand the complex
coordinative processes engaged by teams

To understand why “teamwork” matters, we
need to understand what is interdisciplinary
research
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1.1. Setting the Stage

CROSS-disciplinary Research wﬁ

Offer this as a general term to describe:

#
Research meant to utilize, in some way, varied 4 .
concepts, methods, and theories from differing QT "“ﬁ
fields 0 7
Where science team members contribute their i&“i IC4
disciplinary expertise and collectively contribute \Q\fi
to the production of new knowledge

Multi-, Inter-, and Trans-disciplinary Research

-

Hall, K.L., Vogel, A. L., Stipelman, B.A., Stokols, D., Morgan, G., & Gehlert, S. (2012). A four-phase model of
transdisciplinary team-based research: Goals, team processes, and strategies. Translational Behavioral Medicine,
2(4), 415-430.

Klein, J. T. (2010). A taxonomy of interdisciplinarity. In R. Frodeman, J. T. Klein, & C. Mitcham (Eds.), The Oxford

Handbook of Interdisciplinarity (pp. 15-30). Oxford: Oxford University Press.
National Academies, Committee on Facilitating Interdisciplinary Research (2004). Facilitating interdisciplinary research.

Washington, DC: National Academies Press.
Stokols, D., Hall, K.L, Taylor, B., Moser, R.P., (2008). The science of team science: Overview of the field and introduction

to the supplement. American Journal of Preventative Medicine, 35(25S), S77-S89.



Why Team Science?

1.1. Setting the Stage

MULTI-disciplinary Research

Collaborative effort of several disciplines to achieve a
common goal

Purpose is to achieve broader analyses of common
research problems
Work independently or sequentially

Periodically come together to share perspectives
Contributions drawn from different disciplines are
complementary

. o , INTERDISCIPLINARY
In service of objective, adopts but not necessarily RESEARCH

integrate methods, concepts, theories

AT T TR O T

Scientists in multidisciplinary teams remain firmly anchored in
the concepts and methods of their respective disciplines.



Why Team Science?

1.1. Setting the Stage

INTER-disciplinary Research
Demands more than just complementarity

Team members combine or juxtapose
concepts and methods from different
disciplines

Overarching goal is systematic integration

Integrates information, data, techniques, |
tools, perspectives, concepts, and/or theories E,;.f_—”uJTM' s
from two or more disciplines or bodies of I LERIRCAPLINAR)

specialized knowledge

AT T TR O T

Goal is to advance fundamental understanding or to solve
problems whose solutions are beyond the scope of a single
discipline or field of research practice.




Why Team Science?

1.1. Setting the Stage

TRANS-disciplinary Research
Integrates and builds from discipline-specific
theories, concepts, and methods

Pursues collaboration across levels of analysis g

Develops comprehensive understanding of
problem

May also include:

A focus on societal problems and
development of practical knowledge

A

Translational partners from differing sectors -
(NGO, Community, Industry)

Transcends disciplinary perspectives and enables development and
application of new methodologic or conceptual frameworks
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1.3. Interaction Across Disciplines

Interdisciplinary and transdisciplinary research require action -- act of connecting
or interacting among disciplines
But not just any activity, a team activity -- a process engaged by members of a
coordinated scientific team
Teams are “two or more individuals who must interact and adapt to achieve
specified, shared, and valued objectives” (p. 4, Salas, Dickinson, Converse, &

Tannenbaum, 1992).
Characteristics of Teams

Multiple information sources and intensive communication
Task-relevant knowledge with meaningful task interdependencies
Coordination among members with specialized roles/responsibilities

Teamwork inside and outside of science

Both bring people together to achieve objective(s) that an individual
could not achieve and do so while maintaining partially overlapping
knowledge
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1.3. Interaction Across Disciplines

Reframe interdisciplinary science as a process of teamwork to be mastered

By understanding the teamwork activities necessary for success we
can make the achievement of interdisciplinary science more tractable

Science of Team Science —
Understand and improve how scientists ‘3&\@(1‘\«

interact and integrate across disciplinary, J’ 0T

professional, and institutional boundaries
(e.g., Borner et al., 2010; Falk-Krzesinski et'
al., 2010; Fiore, 2008; Hall et al., 2008;

Stokols et al., 2008). 96’/.0 /53

Requires we build from and synthesize: 9m
(1) The scholarly study of science
(2) The scholarly study of teams
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2. The Scholarly Study of Science &?n ol

2.1. Foundational Approaches

History and Philosophy of Science
Decades long tradition of scholarly work examining science and
medicine through historical lens
Draws from Philosophy, History, Anthropology, Sociology

Examines how humanity's |
understanding of the natural world
has changed over the centuries

Studies the cultural, economic,
and political impacts of scientific
iInnovation




2. The Scholarly Study of Science @i‘n e

2.1. Foundational Approaches

Science & Technology Studies
More recent tradition examining the social dimensions of science
and technology
Examines how scientific and technical knowledge is "created,
evaluated, challenged, spread, and fitted into social relations"

Studies normative issues | Eg -
influencing developments of S&T E Sﬁ %ggﬁ %
Explores the role of S&T in Comnomids 259 3
. Publicil>interacting -~ £ managing 2
society 2 8(Techno)Science - 2
o s
Explores ethical implications 5‘ B i Conoversies
Rictemet
arising from S&T EE‘E g 3 :
Poies o
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2.1. Foundational Approaches

LN EUNIEATIONR

Computer Science and Development of Collaboration
Technologies

Rise of distributed teams and “collaboratories”

1991 issue of Communications of ACM

undate on Nationa science Foundation NSF-funded collaboratories are experimental and
empirical distributed research environments in which

domain scientists work with computer, communications,
behavioral and social scientists to design systems,
participate in collaborative science, and conduct
experiments to evaluate and improve the systems.

Studies of distributed scientific collaboration by

Computer Scientists set the stage for studying scientific

Cooperation, Coordination t e a m W O r k

and control in Computer-
+  Supported Work

RobKing Pioneering work of Gary and Judith Olson on CSCW in
collaboratories

Foundational work by Jonathan Cummings and Sara Kiesler
on effectiveness in distributed science centers

Laurence C. Rosenberg

he Technologles for
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2.1. Foundational Approaches

Scholarship of Interdisciplinarity
Works to support arts and sciences on intellectual and
organizational issues related to furthering integrative studies.

%Ll /he Oxford Handbook of Interdisciplinarity

J - J::?-'E‘; Edited by Robert Frodeman, Julie Thompson

- .__‘,,.;.m:"'- Klein and Carl Mitcham
1'I-'|]__;|'I H..-‘u.“

Summarizes state of interdisciplinary
research, education, administration and
management

Crosses disciplines and interdisciplinary
fields, and spans space between academic

The Oxford Handbook of community and society at large
INTERDISCIPLINARITY
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The Psychology of Science ,
More recent addition to study of science &

Focuses on psychological constructs [ gl
like intelligence, motivation, ~
personality

Studies psychological forces in an

individual’s development of scientific | -

interest, talent, and creativity.
Goal is to unite psychological scholars of
scientific and technological thought and
behavior
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2.2. Developing the Field of SciTS

The Science of Team Science
Policy community saw greater investment in research across
scientific disciplines and knowledge

“the inherent complexity of contemporary public health,
environmental, political, and policy challenges... [leads to]
realization that an integration of multiple disciplinary perspectives
is required to better understand and ameliorate these problems”
(Stokols et al., 2008).

Recognized need to systematically integrate scholarly examination
of scientific processes and outcomes.

Commitment to understand how to enhance the scientific
capacity to address complex problems
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2.2. 2003 - Developing the Field of SciTS

Catalyzing Team Science - Report from The 2003

CatalyZIng BECON Symposium National Institutes of Health
: (NIH) Bioengineering Consortium
Team Science . .
Discussed forces encouraging and

June 23-24, 2003 discouraging team approaches to biomedical

Natcher Conference Center
National Institutes of Health researCh
Bethesda;Marylang Examined ways to stimulate and reward team
natur C efforts
Who'd want to work ina team’? _ . _
§ == == | Factors identified as essential to success:

A management structure that integrates
leadership with communication

Team environment incorporating integrity,
trust, respect, and sharing

Institutional commitment including space,
administrative support, and faculty investment
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2.2. 2006 - Developing the Field of SciTS

2006 NCI Conference on the Science of
jheScionce ofJeamScience Team Science: Assessing the Value of
Transdisciplinary Research

National Cancer Institute

Examine:
State of the art knowledge
concerning transdisciplinary team
science and training
Methods and metrics available for
evaluating transdisciplinary
collaboration
Priorities for transdisciplinary
research

Bathasda, MD
October 30-31, 2006
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2.2. 2007-2008 - Developing the Field of SciTS

Small Group Research
Violume 39 Mumber 3

AMERICAN JOURNAL OF June 2008 351277

2 2008 Sage Publications

l) REV E N T I v E Interdisciplinarity o
tpoffeprsapepab.com
as Teamwork T
tp:ifonline sagepub.com
MED[C [NE How the Science of Teams

Can Inform Team Science

Stephen M. Fiore
University of Central Florida

The Science of Team

S Saiis At This essay discusses interdisciplinary research in the context of science
ClCICC policy and the practice of science. Compansons between interdisciplinary
;j'kbib'l'_"b-‘ii o ll 1€ ﬂl';.'i.] ue Ull r-.u:nrgh and x_thcr forms of cmss-dlglplmar}' fL‘SL‘:’:I’Cl.'I are m:]dn. .md a h.rll..‘lf
T RN discussion of the development of the concept of interdisciplinarity is
l 1':[]]5([]5(‘]})[”1&]1-’ RE‘SEIU'C.]'[ provided. The overarching thesis of this essay is that imterdisciplinary research

15 feam research, that s, research conducted by a team. This notion is
developed via recent policy discussions of team science and the need to
understand interdisciplinary research in sction. The author shows how it may be
: St nssible to consider the implementation of principles from teamwork and team
Daniel Stokols, Kara L. Hall, Brandie K. Tavlor, posst . . P e P ) P e
S : 7 : ’ training to improve interdisciplinary research and the practice of team science.
RI.I =I-,|:|::| P ."A.EI:I-'\GI'I. .1|||.] 5 Leo |;i||1. SVIne

Keywords:  team science; interdisciplinary: teamwork; team training: graduate
education

nterdisciplinarity in research continues to influence both the practice of
science and the production of knowledge. Yet, despite this influence,
much remains unknown with regard to imerdisciplinary research. Part of the
problem stems from the difficulty in defining what is meant by interdiscipli-
— narity. But perhaps the larger problem comes from understanding fiow 1o do
I‘CPM interdisciplinary research. To illustrate, consider what was published on this
Aesaiom Celg of issue in one of our more influential scientific journals, Science:
Prorai: Molor

A Janrnal of the

Author's Note: Development of this article was supported by Grant NOOO 140610118 from the



2. The Scholarly Study of Science g :

2.2.2007-2008 - Developing the Field of SciTS

of Knowledge

Stefan Wuchty, et al.

Science 316, 1036 (2007);
DOI: 10.1126/science.1136099

RAYAAAS

The Increasing Dominance of Teams in Production

The Increasing Dominance of
Teams in Production of Knowledge

stefan Wuchty,'* Benjamin F. Jones,?* Brian Uzzi™**t

We have used 19.9 million papers over 5 decades and 2.1 million patents to demonstrate that teams
increasingly dominate solo authors in the production of knowledge. Research is increasingly done in
teams across nearly all fields. Teams typically produce more frequently cited research than individuals
do, and this advantage 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 results are
detailed for sciences and engineering, social sciences, arts and humanities, and patents, suggesting that

the process of knowledge creation has fundamentally changed.

n acclaimed tradition in the history and
Asn:inlngy of science emphasizes the role
of the individual genius in scientific dis-
covery (1, 2). This tradition focuses on guiding
contributions of solitary authors, such as Newton
and Einstein, and can be seen broadly in the tend-
ency to equate great ideas with particular names,
such as the Heisenberg uncertainty principle, Eu-
clidean geometry, Nash equilibrium, and Kantian
ethics. The role of individual contributions is also
celebrated through science’s award-granting in-
stitutions, like the Nobel Prize Foundation ().
Several studies, however, have explored an
apparent shift in science from this individual-
based model of scientific advance to a teamwork
model. Building on classic work by Zuckerman
and Merton, many authors have established a
nising propensity for teamwork in samples of
research fields, with some studies going back a
century (4-7). For example, de Solla Price ex-
amined the change in team size in chemistry from
1910 to 1960, forecasting that in 1980 zero per-
cent of the papers would be written by solo au-

"Morthwestern Institute on Complexity (NICO), North-
western University, Evansten, IL 60208, USA. ZKeLlogg
School of Management, Northwestern University, Evanston,
IL 60208, USA.

*These authors contributed equally to this work.

{To whom correspondence should be addressed. E-mail:
uzzi@northwestern.edu

18 MAY 2007 VOL 314 SCIENCE

thors (8). Recently, Adams et al. established that
over time, teamwork had increased across
broader sets of fields among elite U.S. research
universities (). Nevertheless, the breadth and
depth of this projected shift in manpower remains
indefinite, particularly in fields where the size of
experiments and capital investments remain
small, raising the question as to whether the
projected growth in teams is universal or
cloistered in specialized fields.

A shift toward teams also raises new ques-
tions of whether teams produce better science.
Teams may bring greater collective knowledge
and effort, but they are known to experience so-
cial network and coordination losses that make

them underperform individual
complex tasks (/0-12), as F.
concisely observed when he sta
idea was ever bom in a confer
this viewpoint, a shift to tear
costly phenomenon or one th
impact science, whereas the hig
remain the domain of great min

We studied 19.9 million e
the Institute for Scientific Infor
of Science database and an add
patent records. The Web of Sc
research publications In science
since 1955, social sciences sin
and humanities since 1975, The
all U.S. registered patents since
was defined as having more tha
(publications) or inventor (pater
18I classification system, the un
publications is divided into tho
and their constituent subfiel
engineering (with 171 subfield:
(with 54 subfields), and arts anc
27 subfields). The universe of
treated as a separate category (v
See the Supporting Online Mat
for details on these classificat

For science and engineering
and patents, there has been a
toward collective research. Int
size has grown steadily each

Table 1. Patterns by subfield. For the three broad ISI categories and for patents
number (V) and percentage (%) of subfields that show (i) larger team sizes in
compared to the first 5 years and (ii) RTI measures larger than 1 in the last 5 ye
measures both with and without self-citations removed in calculating the citatior

entries indicate data not applicable.

Increasing RTI>1
team size (with self-citations) (n
Niieis  Nrews % Nrietas % N
Science and engineering 171 170 99.4 167 97.7
Social sciences 54 54 100.0 54 100.0
Arts and humanities 27 24 88.9 23 85.2
Patents 36 36  100.0 32 88.9

WWW.SClenceman.ora

nature International weekly journal of science

Published online 8 October 2008 | Nature 455, 720-723 (2008) |
doi:10.1038/455720a

Collaboration: Group theory
What makes a successful team? John Whitfield looks at
research that uses massive online databases and network

analysis to come up with some rules of thumb for productive
collaborations.

John Whitfisld

Flip through any recent

issue of Nature, including [ : f Sk
this one, and the story is ¥ / % 4 24
there in black and white: 0N W L T
Y O |
almost all original research = : ,--;,f#h, 3
. PROVLNN E‘np
papers have multiple # E:' e

authors. So far this year, in
fact, Nature has published
only six single-author
papers, out of a total of
some 700 reports. And the proportions would be much the same in
any other leading research journal.

J. H. VAN DIERENDONCK

Of course, there is nothing new about this: the scholars who study
the folkways of science have been tracking the decline of the single-
author paper for decades now. And they have followed the parallel
growth of 'invisible colleges' of researchers who are separated by
geography yet united in interest. But what is new is how their studies
have been turbo-charged by the availability of online databases
containing millions of papers, as well as analytical tools from network
science — the discipline that maps the structure and dynamics of all
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2.2. 2010 - Developing the Field of SciTS

G, UCF -
\k?_‘-‘j Cognitive Sciences Du#ufl.imun.ﬁ of Comemmeunication

FINAL REPORT
NSF Workshop

Applving the Science of Teams to Inform

Policy and Research on Team Science o : _
Please join us for the First Annual International

SCIENCE OF TEAM SCIENCE CONFERENCE

Stephen M. Fiore LAMEBERT FAMILY COMMUNICATION

University of Central Florida COMNFERENCE In collaboration with Research Team
support (RT5) within the Morthwestern University

Joann Keyton Clinical and Translational Sciences (MUCATS)

North Carolina State University Institute on the Science of Team Science

Report: May 2011 THURSDAY AND FRIDAY, APRIL 22-23, 2010

Workshop: March 4-5 2010

Wyndham Chicago
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2.2. 2010-2011 - Developing the Field of SciTS

Reivarch Eviduatiin. 20020, Jume 2011, pages 135-158
DO 10 31520038200 11X 1204 3TIAMSRD, hp Fwww. ingeniscmne: Leom fcomenvhese hiew

Advancing the Science of Team Science

Holly ). Falk-Krzesinski, Ph.0.), Katy Barner, Ph.D2, Noshir Condractor, Ph.D, Stephen M. Fiore, Ph.D.S, Kara L. Hal|, PFh.D2,

Mapping a research agenda for the
Joann Keyton, Ph D, Bonnie Spring, Ph.D., Daniel Stokok, Ph.0, William Thochim, Ph.D2, and Brian Uzzi, Ph.00?

science of team science

Abstract
The First Annual Intematicnal Science of Teamn Sclence (3ciTS) Conference was held In Chicage, IL Aprl 22-24, 2010, This artide
presants a summary of the Conference proceedings. Cin Trars 5d 20000 Wolume 3: 263266

Keywords: editorial, editoials, translational ressarch Holly J Falk-Krzesinski, Noshir Contractor, Stephen M Fiore,

The public health, sacial, technalagical, and environmental
problems that impact cur world are comples, but increasingly
we are able to address them through scientific pursait.!
The sophistication of these challenges necessitates cross-
disciplinary engagement and collaboration, and the longer-
term interaction of groups of investigators—what is termed
team sciemee. ¥ Such team-based research collaborations are
also an essential feature of o robust translaticnal research
enterprise,

The emerging field of the Soence of Team Sciemce (5cTS)
encompasses both conceptual and methodalogical strategies
aimed at understanding and enhancing the processes and
outcomies of collaborative, tenm-based research. 4 S6TS is
concerned with understanding and managing circumstances
that facilitate or hinder the effectivene ss of col lborative cross-
disciplinary science, """ and the svaluation of collaborative
science outcames ®2 Its principal units of analysis are the
research, training and community-based transkational initiatives
implemented by both public and private sector crganizations.
SciT5 focuses on understanding and enhancing the antecedent
conditions, colldborative processes, and outcomes assciated with
initiatives reotedin team science, including scentific discoveries,
educational outromes, and translations of research findings
into new practices, patents, products, technical advances, and
policies.

In an effort to enhance the understanding of how best to
engage in beam science to promot: collaborative translational
research andmeet socistys nesds, the First Annual International
5ciTS Conference was comvened on April 22-24, 2010 in Chicago,
Hliricis. The event was preduced by Research Team Support (RTS)
of the Morthwestern University Clinicaland Translational Sciences
(MTICATS) Institute, in partnership with the NMIH Maticnal
Cancer Institate, Division of Cancer Contral and Population
Sciences and the Lambert Family Communication Conference
of the School of Commurication at Forthwestern University. 4
Frojgram Coriference Committes of twebre rencwnediovestigators
in SciTS served as advisors.

The 3.day conference marked the first international,
multi-agency forum dedicated to the emerging empirical
field of 5ciTS, bringing together thought leaders from a
broad range of disciplines, including: translational research,
evaluation, communications, social and behavioral sciences,

complex systems, technology, and monagement. The goals of
the conference were to serve as a point of comvergence for team
science practitioners and imest gators studying science teams,

to engage fanding o)
an developing and
afford data providers
tracking and ana lysis
the conference serve
empirical findings 2
affective practices fi
science—a bridge be
science of team scien

More than 200 te
developrent oficers,
and funding agency
inchuded o beynate ad
poster session. In add
social network analy:
fallowed by & liwehy <
2 days of the confers
the topics and ideas

Satting the Stage: 1
Mapping Project
Ina keynote presental
presented the result
preparation for the
ather interested par
based concept map
comiprehensive taxen
guide both the confe
term. The concephaal
study, incorporating
byintegrating an ooli
anahysis, providedap
in this feld A& visual
include: Definitionsa
and Evaluation of T¢
Team Science; Struc!
Support and Professic
and Organization for
of Teams { Figure 1.

Fassarch Team Suppart, Morthwesiam Universiy Oinical and Tenslaiional Sdances (NUCATE) instdbuia, Riorihmeesiam
Maimork Sdenca Canker, SIS, Indisra Unkersiy, Bioomington, [Brois, LEA: Daparimant of Indusiial Enginacring & M
|Winaks, USA; “Cupartmeni of Pl osopby end) retioa ior 5 imu lsiion and Tralning, Univarsioy of Caniral Forda, Criandn, A
ances, Mailonal Cancar instiula, Bathasds, aryisnd, LSA: Thapartmani of Commurication, hioi h ool ina Saks Unkersl)
Madkdne, NorhweskIm L veisity Chicegn, 10nces, LS "DEpr iment of Ranning, Rolcy and Casgn and Daparmand ©
Iving, v, CaFomis, USA; "D partman| of Policy Anayss and saragemant, Comed Unkaety Mhacs, kaw York, LSi
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COMMENTARY

Kara L Hall, Cathleen Kane, Joann Keyton, Julie Thompson

Klein, Bonnie Spring,

Daniel Stokols and William Trochim

[T )]

TEAM SCIENCE

A Multi-Level Systems Perspective for the
Science of Team Science

Katy Bdrner,' Meshir Contractor,? Holly J. Falk-Krzesinski,? Stephen M.
Fiore,* KaraL. Hall,* Joann Keyton,® Bonnie Spring,” Daniel Stokols,” William

Trochim,® Brian Uzzi'™
Publshed 15 Septambar 2000; Yoluma 2 bsue 48 45cm24

Thils Commentary describes recent research progress and professional developmenits in
the study of sclentific teamwork, an area of Inquiry termed the “sclence of team scence”
1SCITS, pronounced “sahyts™). it proposes a systems perspective that Incorporates a
miled-methads approach to SaTs that Is commensurate with the conceptual, method-
alogical, and translational complexitizs addressed within the SaTs field. The theoretl-
cally grounded and practically useful framework Is Intended to Imtegrate existing and
future lines of ScITS research to facilitate the fields evolution as it addresses key chal-
lenges spanning macro, mesao, and micro levels of analysls.

RESEARCH PROGRESS INTHE
SCIENCE OF TEAM SCIENCE

At 1tz most general, the production of
knowledge can imvolve either an Incre-
mental change in understanding or a more
radical, discrete change. Recently, a change
of the second sort occurred that altered
our percaption of the workings of sclence
tself. A study of more than 21 millon pa-
pers published worldwide from 1945 to the
present reveals a fundamental and nearly
universal shift in all branches of sclence:
Teams increasingly dominate solo scken-
tists In the production of high-impact,
highly cited sclence; teams are growing in
slzer, and teams are Increasingly located
across university boundaries rather than
within them (). Stmilar patterns were
found for all the patents published world-

'Cy herinfrastructuns for Metwor k Scienco Comar, Schod
of Library and Information Sckenca (5L indiana
Unkersky, Bloamingion, IN 47401, Capatment

wide (). Speculation as to why this shift
ocourmed centers on the natire of the prob-
lems increasingly studied: complex prob-
lems that cut across disciplinary areas and
require multiple divergent perspectives.
Cros-duciplinary teams, whether utiliz-
Ing approaches that are multidisciplinary
(in which experts from different sclentific
fields collaborate yet reslde in thelr topic
areas), imerdisciplinary (results and ex-
pertise from two or more sclentlfic fislds
are combined), or transdisciplinary (discl-
plinary boundaries are crossed to create a
holistic approach) (3) are expected to hold
the key to success. More specifically, “team
sclence” Is expected to combine spaclalized
expertlss, theoretical approaches, and re-
search methods across disciplinary bound-
anei, solving these complex problems and
producing high-impact sclence,

In crder to realize the unprecedented ap-
portinties pc-sad. hymm sclance, we nesd

o e

have aza major goal ..

labaratory and turn them into treatments £

. to develop teams of fplinary, collaborative team science initiatives over the last faw decades has
Investigators from varlows fields of research 12 sakehalder groups in empirical research on scienfific wams, givi
who can take sclentlfic discoveries In the B o 2s the science of eam science 'Sc]T'S] This study employed

8 comcept-mapping evaluation methodol
JEiT'S fiald Irs integrative mived-metho
and strategies for pattents in the clinie® (5). | darve 2 cen.epvual framework that ident

Tise to
a
 to develp 2 comprehensive
proach combined group process
s ressarch areas of eam icience

The Mational Sclence Foundatlon invites muce to the emerging SciTS feld The findings from this concept-mappmz
projects on Cyber- Enabled Discovery and frmeving 5ciTS forward at theoretical, empirscal. and translational levels.

Innavation that place an “emphasis an bold

multdsciplinary activities that, through

computational thinking, promise radical. WRFES, expanding
paradigm-changing research findings” The Loy e eculted m
MacArthur, Robert Wood Johnsen, and p oopn-. -cientific
WT. Grant Foundations all support Inter- i ¢5 3ddrecs com-
disciplinary research networks. The Ma- fpoayh problems.
tional Academies’ KECK Futures Initative Jled by re-
promotes Interdsciplinary ressarch related p¢ and  cientific
to sclence, engineering, and medicine. At B problems (Disis
the sametime, according to a White House i 9007). Science
memarandum, funding agencies, acadamic
leadership, and ndustry must marage their

portfolics In an objective, evidence-based bmporary public
manner i address sclence and technelogy gl and  paliey
pricritles of our natlon and Increase the zapion  that an
productivity aof cur research instituticns gy perspectives
(). The confluence of these developments | and ameliorate

Is the critical need to understand, support, Ji8h).

and measure the investment, return, and
affiect of team sclence prajects, lelihood that scien-
fiverzent perspec-
PROFESSIOMAL DEVELOPMENT pew insights and
INTHE SCIENCE OF TEAM SCIENCE ~ [The problems they
The “sclence of team sclence” (SC1TS, pro- |of disciplines, but
nounced “sahyts”) Is an emerging area of flaborate in such a
research cemtersd on examinatlon of the

processes by which sclentific teams crga-

nize, communicate, and conduct research menes see page 155
(7-&). The field Is concerned with under-
standing and managing circumstances that
factlitate or hinder a range of collaborative
research efforts—from  determining the
affectiveness of large-scale collaborative
research, training, and translatienal initia-
tives to understanding how teams connact

.
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way that their efforts are coordinated and mtegi:nec
(Fiore, 2008; 2AS, "004) Al d:mugh it 1= possible for
team science to be umid linary, team sclemce
meost often conmeotes eross. l"{lp].mzﬂl‘\' (multi-,
inter-, and trans-disciplinarity). 2 composite term for
team sclence programs and projects that differ in the
degree to which they interaet and integrate across
diseiplinary, professional, apd mstitutional bounda-
nes (Crowley er al, 2010; Fiore, 2008; Klein, 2010;
Fozenfiald 1992; Stokols ar al, 2008a; Wagner or al,
2011).

Despite this growth in collaborative research, the
selentifie  community comtinuzlly struggles with
overcoming the challenges amsing from this com-
plex form of teamwork (Cummmes and Kiesler,
2005. 2007, 2008; Olson and Olson, 2000). As such,
science policy must be developed to help address the
thecretical and practical challenges emergimg from
thic form of collaborative endeavor. Further, seien-
tific, social seientific, philosophical, and humanistic
research 1s needed to help understand the team pro-
cesses that drive knowladse production im such
teams; that is, help examine how pew knowledgze is
generated 1n collzborating teams of scientists. This
need has given rise to an empirieal area of nguiry
referred to as the scisnce of ream science — SciT5,
proncunced ‘sights’ (Annual International Science




2. The Scholarly Study of Science @i‘n e

2.2. Developing the Field of SciTS

Where are we now?

Need to identify and synthesize the “"known-knowns”, "known unknowns” and the
“"unknown-unknowns” to move forward along theoretical and translational lines

Requires contributions from I
foundational fields: . |
Definitions & Measurement & Evaluation N
1 1 Models of Team of Team Science 374

History and Philosophy of il 3_65\ -

Science and STS - ]

Interdisciplinary Studies o

. Disciplinary Dynamics The Team
Groups and Teams Studies | | ;55 &TeamScience Structure & Context
) . = ' for Teams
' . 3.51

Requires contributions from InetBanal SR AR ;

. SERT Professional Development for Nuts & Bolts \
variety of disciplines Teatms 343 \

3.49
Life Sciences 3.57 Characteristics &
Management & Dynamics of Teams
1 1 rtance Rating Legen (9] izati f e
Physical Sciences e e gpnjzationior § >
. . 3.49t0 3.55 Support ; o = -
Social Sciences 355tosel =
Computational Sciences Falk-Krzesinski, H. J., Contractor, N. S., Fiore, S. M., Hall, K. L., Kane, C., Keyton, J.,

. . . Klein, J. T., Spring, B., Stokols, D., Trochim, W. (2011). Mapping a Research
De5|gn and Eng Ineering Agenda for the Science of Team Science. Research Evaluation.
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The Road Ahead

View the SciTS Consensus Study as a Transdiscplinary Endeavor

Necessary to develop a coordinated and comprehensive R&D agenda
Beware the Barriers and Bumps
Do not equate "“team science” with "big science”
Collaboration in science ranges from small team, to teams of teams, and up

Do not get bogged down in false dichotomies
Forgot beliefs about “basic vs. applied” research
Consider ideas such as “use-inspired” or “problem-driven” science
Remember that foundational knowledge can come from all forms of inquiry

Do not forgot about the role of non-scientist team members
Professionals and/or Stakeholders can provide perspectives that lead to
important insights

Pursue the Promise and the Possibilities
The SciTS consensus study has the potential to transform not only the

practice of science but also our understanding and improvement of the world
around us
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UCF

Cognitive Sciences
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ThankYou!
Questions or Comments?

Stephen M. Fiore, Ph.D.
University of Central Florida

Cognitive Sciences, Department of Philosophy and
Institute for Simulation & Training
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