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Science and Society

Science and Society

Science must better address the complex problems facmg
our planet, whether they be health, environmental, or social

Must to bring together researchers from differing
dlscbﬁlnes sgas o address the multi ? ceted nature of such
problem

Dealing with Aristotle’s Legacy

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

So what’s a scientist to do...?
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Science and Society

Science, Society, and the Science of Team Science

Greater investment in research across scientific disciplines and
knowledge

Increasing commitment to understand how to enhance the
scientific capacity to address complex societal problems

“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).

So what has been happening...?
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2006 - Developing the Field

2006 NCI Conference on the Science of
haSciance ol Jeam Sciance 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

Bethesda, MD
October 30-31, 2006
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Small Group Research
Violume 39 Mumber 3
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Stephen M. Fiore
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The Science of Team

g N == This essay discusses interdisciplinary research in the comext of science
wCICIICC policy and the practice of science. Companisons between interdisciplinary
Assessil o the Value of ruiarah and 'i_f‘ll'lLT forms nl'crcvss:-dii;ciplin:ur}' research are m:udu. .!Dd - h_riL.'t_'
e - N discussion of the development of the concept of interdisciplinarity is
l 1‘{1]15([]5(] Phn{ll’\' RC‘SC‘:[]‘C]] provided. The overarching thesis of this essay is that interdisciplinary research
g is team research, that is, research conducted by a team. This notion is
developed via recent policy discussions of team science and the need o
understand interdisciplinary research in action. The author shows how it may be
2 A ossible 1o consider the implementation of principles from eamwork and team

Daniel Stokols, Kara L. Hall, Brandie K. Tavlor, P ’ . s N i

= : : training to improve interdisciplinary research and the practice of team science.

Richard P. Moser, and S. Leonad Syme

Keywords:  team science: imterdisciplingry: teamwork; team training: graduate
eduication

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 interdisciplinary research. Part of the
problem stems from the difficulty in defining what 13 meant by interdiscipli-
i st narity. But perhaps the larger problem comes from understanding hiow to do
ACPM interdisciplinary research. To illustrate, consider what was published on this
Anerion Coll o issue in one of our more influential scientific journals, Science:
Portiv: Molcee

A Journal of the

Author's Note: Development of this article was supported by Grant N

40610118 from the
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nature International weekly journal of science
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Stories by keywords collaborations
+ Citations John Whitfield
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« Visualization authors. So far this year, in
« Interdisciplinary fact, Nature has published J. H. VAN DIERENDONCK 2
only six single-author m——
Y g - )
papers, out of a total of ‘%\. i o
This article some 700 reports. And the proportions would be much the same in \ £ ‘
elsewhere any other leading research journal. . ;
o ® : @
B'P 5 ||_“k|“ to Of course, there is nothing new about this: the scholars who study o
this article the folkways of science have been tracking the decline of the single-
author paper for decades now. And they have followed the parallel e
¢ Add to Connotes P p, i, . Y P :
growth of 'invisible colleges' of researchers who are separated by ‘ .,T,u«:,
Add to Digg geography yet united in interest. But what is new is how their studies e ,;I o
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FINAL REPORT
NSF Workshop

Applving the Science of Teams to Inform

Policy and Research on Team Science
Please join us for the First Annual International
SCIENCE OF TEAM SCIENCE CONFERENCE

Stephen M. Fiore LAMBERT FAMILY COMMUNICATION

University of Central Florida CONFERENCE in collaboration with Research Team
Support (RTS) within the Northwestern University

Joann Keyton Clinical and Translational Sciences (NUCATS)

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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Advancing the Science of Team Science

Holly ). Falk-Krzesinski, Ph.0, Katy Bérmer, Ph.02, Moshir Comractor, Ph.0.F, Stephen M. Fiore, Ph.D, Kara L. Hall, Ph.D,

Mapping a research agenda for the
Joann Keyton, PhDF, Bonnie Sping, Ph.D., Daniel stokok, Ph.oE, William Trochim, Ph.0®, and Brian Uz, Ph.o.Y

science of team science

Abstract
The First Annwal Intemational Sclenoe of Team Sclence (SciTS) Conference was held i Chimage, IL Apil 22-24, 20100
presaris a summary of the Conference proczedings. Cin Trans Sd. 2010; volume 3: 263286

Keywords: ediforial, editorials, franslational research

The public health, social, technological, and environmental
problems that impact our world are comples, bat increasingly
we are able to address them through scientific pursit.!
The sophistication of these challenges necessitates cross-
disciplinary engagement and collaboration, and the longer-
term interaction of groups of investigators—what is termed
team sciemce.’™ Such team-based research collaborations are
also an essential feature of o robust translaticnal research
anterprise, '

The emerging field of the Science of Team Sciemce (5cTS)
encompasses both conceptual and methodological strategies
aimed at understanding and snhancing the processes and
cutcomes of collaborative, team based ressarch 2 S6TS is
concerned with understanding and managing circumstances
that facilitate or hinder the effectiveness of ool bborative cross-
disciplinary science, "% and the svaluation of collaborative
science oubcomes 27 Its principal units of anabysis are the
research, training and community-base d transltional initiatives
implementsd by beth public and private sectar organizations.
56 TS focuses on understanding and enhancing the antecedent
comditioms, collsh orative processes, and cubcomes ass cciated with
initiatives root=d in team science, including scientific discoveries,
educational outcames, and translations of research findings
imto new practices, patents, products, technical advances, and
policies 1834

In an effort to enhance the understanding of how best to
angage in beam science to promote collaborative translational
research and meet societys needs, the First Annual International
ST Conference was comened on April 22-24, 20100 Chicago,
Hliiois. The svent was produced by Ressarch Team Suppaort (RTS)
ok the Horthwestern University Clinical and Translatioral S cisnces
[WUICATS) Institute, in partnership with the MIH Maticnal
Cancer Instibate, Division of Cancer Contral and Population
Sciences and the Lambert Family Communication Conference
aof the School of Communication at Morthwestern University. 4
Frogram Confersnce Commitbes of twehee renownedinvestigators
in SciTS served as advisors.

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

complex grstems, technclogy, and management. The goals of
the conference were to serve asa point of comrergence for beam
science prachhonfnandlmshg:bou5tu&ﬂngsclfnoe be:u'm.

to engage funding a
on developing and n
afford data providers:
tracking and analysis:
the conference serve
empirical findings a
effective practices fi
science—a bridge be
science of team sciens

More than 200 =
development officers,
and funding agency p
included a keynate ad
poster session. In add
social nepwork analys
fallowed by o lively g
2 days of the confers
the topics and idess p

Setting the Stage: 5
Mapping Project
Inakeynote presentat
presented the results
preparation for the
other interested part
based concept map
comipreh ensive taxon
guide both the confe
term. The concephaal
study, incorporating |
bryintegrating an onlit
anahysis, provided a pr
in this field A visual
include: Definitions a
and Bvaluation of Te
Team Science; Struct
Support and Professic
and Organizaticn for
of Teams { Figure I).
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COMMENTARY

Holly J Falk-Krzesinski, Noshir Contractor, Stephen M Fiore,
Kara L Hall, Cathleen Kane, Joann Keyvton, Julie Thompson
Klein, Bonnie Spring, Daniel Stokols and William Trochim

e

TEAM SCIENCE

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

Katy Bdrner," Noshir Contractor, Holly J. Falk-Krzesinski,” Stephen M.
Fiore,* Kara L. Hall,* Joann Keyton,® Bonnie Spring,” Daniel Stokols,” William

Trochim,® Brian Uzzi"™
Publhed 15 Septambsr 201 voluma 2 ksua &9 45cm 24

This Commentary describes recent research progress and professional developments in
the study of sclentific teamwiork, an area of Inquiry termed the “sclence of team solence”
(SIS, pronounced “sahyts®). It proposes a systems perspective that Incorporates a
mileed-methods approach to ScTS that Is commensurate with the conceptual, method-
ologkal and translational complexities addressed within the ScTs field. The thearetl-
cally grounded and practically ussful framework Is intended toIntegrate existing and
future lines of SoTS research to facilitate the fields evolution as it addresses key chal-
lenges spanning macro, meso, and micro levels of analysis.

RESEARCH PROGRESS INTHE
SCIENCE OF TEAM SCIENCE

At Its most general, the production of
knowledge can imvolve etther an incre-
mental change In understanding or & more
mdical, discrete change. Fecently, a change
of the second sort occurred that ahered
our perception of the workings of sclence
itself. & study of more than 21 milllon pa-
pers published wordwide from 1945 to the
present reveals a fundamental and nearky
universal shift in all branches of sclence:
Teams Increasingly dominate solo sclen-
tists o the production of high-impact,
highly cited sclence; teams are growlng In
size; and teams are Increasingly located
acrosg university boundaries rather than
within them (I). Similar patterns were
found for all the patents published world-

*Cybarinfrstruchue r Maomr
of Library and information Scienca
Unkersky, Bloomingion, [N 47401,

wide (2], Speculation as to why this shift
ocourmed centers on the natwre of the prob-
lems Increasingly studied: complex prob-
lems that cut across disclplinary areas and
raquire multiple divergent perspectives.
Cross-disciplinary teams, whether utillz-
Ing approaches that are multidisciplinary
iin which experts from different sclentific
fields collaborate yet restde In thelir topic
areas), Interdisciplinary (results and ex-
pertise from two or more sclentific fields
are combined), or transdisciplinary (discl-
plinary boundaries are crossad to create a
holistic approach) (3) are expectad to hold
the key to success, More specifically, “team
science” 18 apected to combine spacialized
empertise, theoretical appmaches, and re-
search methods across disciplinary bound-
aries, solving these complex problems and
producing high-impact sclence.

In order to realize the unprecedentsd op-
portuntties posed by team sclence, we need

P T

hiave as & major goal =..
Investigators from various fields of research |18 stakehalder £
who can take sclentific discoveries in the Bl o 2 the

laboratory and turn them into trestments ‘m%‘!la Its imteerarive .
and strateges for patlents in the clinic” (5). jdenve a conceprual :mueanrls ihat ide

. to develop teams of jglinary, collsborative team science initiatives over the last few decades has
75 in empmcn research on scientific eams, giving rise to
{5

sty emploved 2
elp 2 coupu'ebzm‘e
combined group process
s=arch areas of f2am sciance

The Mational Science Foundation iovites mace to the emerging SciTS feld The findings from this concept-mappimg
prajects on Cyber-Enabled Discovery and Brmeving 5oiT5 forward at thearetical. empirical. and translational lavels

Innovation that place an “emphass on bold
multidisciplinary activities that, through
computational thinking, promise radical. BRFs expanding
paradigm-changing research findings” The o pova reculted in
MacArthur, Robert Wood Johnsom, and p oo -oontifie
WT. Grant Foundations all support Inter- & ¢ 2ddras: com-
disciplinary research networks. The Na- fpooyg problems.
tlonal Acadernies’ KECK Futures Initiative (propalled by re-
prameotes interdisciplinary research related fp¢ apd  scientific
to sclence, engineering, and medicine. At g1 problems (Disis
the same time, according to a White House i 2007). Science
memorandum, funding agencies, academic

lea dership, and industry must marage thelr

portiolios In an ohjective, evidence-based bnporary public
manner to address sclence and technology gl and  poliey
priorities of our nation and Increase the gagon that an
productivity of our research Institions Gy perspectives
(). The confluence of these developments [3nd amelicrate

15 the critical need to understand, support, j08E).

and measure the iovestment, return, and
affect of team sclence projects.

[elihood that scien-
livergent perspec-
PROFESSIONAL DEVELOPMENT pew insights and
INTHE SCIENCE OF TEAM SCIENCE  [The problems they
The “sclence of team sclence™ (Sc1TS, pro- (of disciplines, but
nounced “sahyts”) 15 an emerging area of fllaborate in such a
research centered on mamimaton of the
processes by which sclentific teams orga-
nize, communicate, and conduct research
(7-5). The field 15 concerned with under-
standing and managing circumstances that
facilitate or hinder a mnge of callaborative
research efforts—from  determining the
effectiveness of lange-scale collaborative

resaarch, tralning, and translational initia-

tives to understanding how teams conmect

[ R T T T S SR T

[958-2029/11/02145-14 USST

way that their efforts are coordinated and integrated
(Fiore, 2008; WAS, 2004). Although 1t 15 p le for
team science to be unidisciphnary, team science
most often conmotes cro l:cip].i.tzrir\' (multi-,
inter-, and trans-disciplinarity}), a composite term for
taam sclence programs and projects that differ in the
degree to which they interact and integrate across
disciplinary, professional, apd mstitutional bounda-
nes (Crowley et al, 2010; Fiore, 2008; Klein, 2010;
Fozenfield 1992; Stokols er af, 2008a; Wagner er al,
2011).

Despite this growth in collaborative research, the
sclentific community comtinuzlly struggles with
overcoming the challenges ansing from this com-
plex form of teamwork (Cumpemg: and Kiesler,
2005, 2007, 2008; Olson and Olson, 2000). As such,
science policy must be developed to help address the
theeoretical and practical chal ler_gef emergmg from
thic form of collsborative endeavor. Further, scien-
fific, social scientific, philosephical, and bumanistic
research 15 needed to help understand the team pro-
cesses that drive knowledge production in such
teams; that is, belp examine how pew knowledze is
generated in collzborating teams of scientists. This
need has given 1ise to an empirical area of mnquiry
referred to zs the scisnce af ream sciencs — SciT5,
proncunced ‘sights’ (Annual International Science

2.00 @ Beech Tree Pubiishing 2011 14
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National Science Foundation Steps Up Its Push for Interdisciplinary Research
From Chronicle of Education, February 13, 2012

The push for more interdisciplinary research has been a priority of the NSF's director, Subra
Suresh, since his arrival at the foundation in October 2010.

NSF leadership - rapid advances in a variety of fields are making clear the value of
applying discoveries and approaches as widely as possible.

For universities worried about securing federal research money at a time of tightening
budgets, NSF has a simple message: Collaborate!

Grants will be increasingly won by those researchers who find partners in other
university departments.

Efforts to promote interdisciplinary research have been slow

Universities still too often align tenure and job-promotion policies along established
departmental divisions

But just what exactly is interdisciplinary research...?
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Relation to Interdisciplinary Research

Defining Disciplinary Approaches
O Cross-disciplinary Research

» Research simply involves investigators drawn from different disciplines

» Does not necessarily qualify nature of interaction between the
investigators

O Multidisciplinary Research
» Coordinated efforts of several disciplines to achieve a common goal

» Contributions drawn from different disciplines are complementary not
Integrative

> In service of objective, adopts but not necessarily integrate

National Academies, Committee on Facilitating Interdisciplinary Research (2004). Facilitating interdisciplinary research.
Washington, DC: National Academies Press.
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Relation to Interdisciplinary Research

So what is interdisciplinary research?
Overarching goal is the systematic integration of
ideas

Interdisciplinarity demands more than just
complementarity
National Academies of Science (“Facilitating
interdisciplinary research,” 2004)

Integrates information, data, techniques, tools,
perspectives, concepts, and/or theories from two h\/
or more disciplines or bodies of specialized
knowledge

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.

National Academies, Committee on Facilitating Interdisciplinary Research (2004). Facilitating interdisciplinary research.
Washington, DC: National Academies Press.
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Relation to Interdisciplinary Research

But interdisciplinarity is a team activity -- it is a process engaged by
members of a coordinated scientific team

Just like other forms of teamwork occurring outside of science

Teams brought together to achieve some end an individual could not
achieve while only maintaining partially overlapping knowledge
So we need to reframe interdisciplinarity as a process of teamwork

As an understanding of the teamwork "~ “§¢p_ °0/p %
activities necessary for success é’ : /0,7///
Understand and improve how they s !
interact and integrate across 0 m,,
o~ - /B b,
disciplinary, professional, and 08 ”[)80 lon, V> |

institutional boundaries (e.g., Borner [6,5/]%%%905%‘;}/@;
6/] é

et al., 2010; Falk-Krzesinski et al., 7 6}0”,0
2010; Fiore, 2008).



How do you do

Team Science?




: ¢, UCF
How do you do Team Science? @;’

What is Difficult about Team Science

Consider what was published on this issue 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 (and,
frequently, manipulative skill) but also ‘social intelligence.’
Cooperative work is a social art and has to be practiced with
patience.”
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What is Difficult about Team Science

What is informative here?

First, we see acknowledged the increasing influence and importance of
interdisciplinarity as a method of inquiry.

Second, we see the challenge of interdisciplinarity distinguished along two inter-
related lines.

On the one hand there is the problem of infrastructure, both tangible and tacit

The inherent challenge associated with the current structure of the modern

university - the discipline bound department - and the tacit norms which prevent or
stifle interaction amongst them.

On the other hand there is the problem of interaction B

The 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.
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Anyone familiar with some manner of cross- DA T ¥ |
disciplinary collaborative effort will likely have X 5 AL N
experienced some or all of these factors L B e S -

So one might wonder why this quote is
particularly informative?

What is informative is not what was said, it is when ﬁ
it was said.
It was written well over a half century ago in one of the first articles

specifically addressing interdisciplinary research (Brozek & Keys, 1944).

If science has long recognized the challenges associated with interdisciplinary
research why do we still struggle?

Why should we think that 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?
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What is Difficult about Team Science

YES - for three main reasons:

Evidence that interdisciplinarity is on the rise and educational and policy
institutions are making more of a concerted effort to examine this process

Science is paying attention to teams - Team Science discussions in policy circles
illustrates increased focus on collaborative research projects that create a
team of scientists to address some complex phenomenon

Most critical, is fact that what has truly changed in the last generation is
growth in the study and understanding of groups and teams

KW _
e

It is the science of teams (Salas, Fiore, &
Letsky, 2012) that could be the true catalyst for
change

Has matured into its own area of inquiry
producing a rich base of knowledge

Helps us better understand the complex
coordinative processes engaged by teams

=
|

SRy 4
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What is Difficult about Team Science

In Sum
Scientific community continually struggles with challenges arising
from this complex form of teamwork (Cummings and Kiesler, 2008).

Definitions of core terminology remain parochial

Methods of practice remain disconnected

Departmental silos prevalent
Applying Science of Teams to Team

Science

Scholarly community needs to work k=5 S
to strategically understand and ) A
improve collaboration in science
(Falk-Krzesinski et al., 2011; Fiore,
2008)
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Applying Science of Teams to Team Science

What is needed is a multi-level approach

Leverages theory and practice from the study of teams
Serve as framework to link research on individual scientists,
teams, and teams of teams.

Macro-level research

Examines collaboration at higher levels

Leads to insights about broad patterns of collaboration and
growth/impact of knowledge
Meso-level research

Increases our understanding at the team level

Examines how interaction patterns and communication alter process
Micro-level research

Studies the individuals within the team

Consider their training and education and what they need to know
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Applying Science of Teams to Team Science

Macro-level Issues in Team Science
Examines structures of successful collaboration networks (centers, universities)

Consider affiliations within and across disciplines
Address broader philosophical issues concerning the ways of pursuing (and encouraging)
differing forms of scientific progress.

Organizational change needs at the university level where researchers practicing

interdisciplinarity get rewarded and not (tacitly) punished.
At macro-level, what you need to attend to and manage are

the following issues:

Professional culture and identity
Affiliations within and across disciplines

Organizational leadership - at the “center” and the
“department” levels

Challenges with leading individuals versus teams

Organizational culture, including both departmental and
institutional culture

Affiliations with departments and/or centers
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Applying Science of Teams to Team Science

Meso-level Issues in Team Science

Considers how understanding group process influences scientific
collaborations

Involves examining the group dynamics emerging in team science

Considers how to coordinate teamwork in science teams

At meso-level, what you need to attend to and manage are the
following issues:

|dentification of nature of interdependencies within team -

Determine who relies on whom for task completion (e.q., o z’\

sequential versus reciprocal) N 1 Ko &
Form of Interpersonal Skills Needed (Marlowe, 1986) t'ﬁ\\jfi;; ”‘;\j /L’

Ability to understand behaviors, cognitions, and oL R

attitudes of individuals (including oneself) }v"\‘/{

Skill to translate understanding into appropriate A

behavior in social situations q
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Applying Science of Teams to Team Science

Micro-level Issues in Team Science
Understand how the individual scholar gets trained

In the scientific aspects of his/her work

In the process of collaboration in pursuit of innovation and discovery
At micro-level, what you need to attend to and manage are the
following issues:

Determine requisite knowledge

What do team members need to know (disciplinary breadth
versus depth)

Determine requisite skills

What do team members need to know how to do
(methodologies, procedures, technologies)

Determine requisite attitudes

What is level of interpersonal trust?

What is their view of collaboration?
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Training Teams for Team Science

Team and Task Competencies and Team Science

Training Issue

The interdisciplinary nature of science teams necessitates a

better understanding of the competencies required for effective
teamwork

- . Li ;"
Training Goal N el

rS Tr,, h
Articulating the team and task
competencies for sciences teams to
inform training and pedagogy

Better prepare the next generation of
team scientists
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Training Teams for Team Science

Identifying Team and Task Competencies and Team Science

Competencies as knowledge, skills, and attitudes necessary in all teams versus
specific to certain teams (Cannon-Bowers, Tannenbaum, Salas, & Volpe, 1995)

You Need to Identify the TEAM Competencies

1 TEAM GENERIC competencies are those necessary
regardless of the context or the organizational
setting (e.g., communication skills)

d TEAM SPECIFIC competencies are more directly
related to particular teams and include knowledge
of roles within the team and the abilities held by
team members (e.g., roles within a team)

You Need to Identify the TASK Competencies

L TASK GENERIC competencies are those necessary
across task situations (e.g., subject recruitment)

1 TASK SPECIFC competencies include understanding
objectives or using appropriate procedures (e.g.,
procedures/methods)

gy
W .
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Training Teams for Team Science

Identifying your Team and Task Competencies and Team Science

Relation to Task
Specific Generic
Relation |Specific CONTEXT DRIVEN TEAM CONTINGENT
toTeam *Knowledge — Team *Knowledge — Teammate
objectives and resources characteristics
*Skills — Goal analysis *Skills — Conflict resolution
* Attitudes - Collective * Attitudes — Team cohesion
efficacy
Generic [TASK CONTINGENT TRANSPORTABLE
*Knowledge - Procedures for |*Knowledge — Understanding
task accomplishment group dynamics

*Skills — Problem analysis
* Attitudes — Trust in
competence

*Skills — Assertiveness
* Attitudes — Collective
orientation
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Interdisciplinary DOs and DON’Ts

Increasing complexity/quantity of knowledge in individual
disciplines requires collaboration in science
Utilize to understand complex problems

No one person is capable of maintaining  Collaboration &
Team Science:

such broad understanding
Must be sure to monitor and adapt
one’s attitude, behavior, and
cognition when engaged in team
science.

Be patient, be a good listener, and
be a good collaborator

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



https://ccrod.cancer.gov/confluence/display/NIHOMBUD/Home
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Questions or Comments?
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