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Today's societal challenges, such as climate change and global pandemics, are increasingly
complex and require collaboration across scientific disciplines to address. Scientific teams
bring together individuals of varying backgrounds and expertise to work collaboratively on
creating new knowledge to address these challenges. Within a scientific team, there is
inherent diversity in disciplinary cultures and preferences for interpersonal collaboration.
Such diversity contributes to the potential strength of the created knowledge but can also
impede progress when teams struggle to collaborate productively. Facilitation is a profes-
sional practice-based form of interpersonal expertise that supports group members to do
their best thinking. Although facilitation has been demonstrated to support group functioning
in a wide range of contexts, its role in supporting scientific teams has been largely over-
looked. This essay defines scientific facilitation as a form of interactional expertise and
explains how facilitating scientific teams requires skills in managing interpersonal interactions
as well as understanding how different types of disciplinary knowledge integrate in the
creation of new knowledge. Next, it explains how this science facilitation expertise may be
developed through metacognition. Finally, it provides examples of how scientific facilitation
could be more widely incorporated into research by describing three pathways to expand the
use of facilitation theory and techniques in collaborative scientific research: developing
facilitation skills among scientists leading teams, using broadly trained facilitators, and using
specialised science facilitators. The strengths and risks of each path are discussed, and
criteria are suggested for selecting the right approach for a given team science project.
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ARTICLE

Introduction: The complexity of team science

he complexity of today’s most urgent societal challenges is

transforming how scientists do their work. Projects and

papers involve increasing numbers of authors and insti-
tutions (Jones et al., 2008), reflecting the transition from indivi-
dual projects towards a new normal involving groups of scientists
working together. Succeeding in such collaborative science set-
tings creates a need for scientists to manage interpersonal,
intellectual, and project management aspects of teamwork (Boix
Mansilla et al., 2016; Love et al., 2021; Ulibarri et al., 2019; Zhang
et al,, 2020). This imperative has been widely recognised in dis-
cussions of “team science” (Fiore, 2008; Read et al., 2016; Stokols
et al,, 2008), which was defined by the National Research Council
(National Research Council NRC (2015), p. 22) as “research
conducted by more than one individual in an interdependent
fashion, including research conducted by small teams and larger
groups.”

A key premise of team science is that the team forms an
interdependent unit, whose collective intellectual productivity is
presumed to be greater than the sum of its constituent individuals
(Barge and Shockley-Zalabak, 2008; De Montjoye et al., 2014;
Fiore, 2008). A team science process rests on a foundation formed
from interactions between group members as they together define
a problem and make a research plan to address it. In this sense,
collaborative knowledge creation is a social process. Historically,
knowledge creation has been framed in terms of individual
creativity, but recent studies have emphasised the social processes
behind creativity and the contribution of interpersonal relation-
ships (Boix Mansilla et al., 2016; Csikszentmihalyi, 1998; Love
et al,, 2021; Phelps et al., 2012; Sawyer, 2003; Ulibarri et al., 2019;
Zhang et al, 2009). These and other scholars increasingly
recognise the important role that group dynamics play in the
scientific process. This is where facilitation—and we argue, spe-
cifically science facilitation—comes in.

Facilitation is a professional practice-based form of expertise
that supports members of teams to do their best thinking (Kaner,
2014). Facilitation can help create group processes that are
equitable and inclusive, that engage the wisdom and creativity of
every group member, and that allow everyone involved to actively
participate and listen to all voices (Bens, 2017; Bunker and Alban,
2012; Hogan, 2005; Hunter, 2009; Schuman, 2005). Intentional
facilitation helps participants develop engagement and their sense
of ownership over group outcomes (Parker, 2020). Facilitation is
widely used, including in public policy, corporate governance,
industrial project management, and non-profit contexts (Car-
casson and Sprain, 2016; Chrislip and Larson, 1994; Means and
Adams, 2005; Tabaka, 2006). Facilitation has previously been
suggested to improve the effectiveness of scientific teams. Yet
what past examinations of facilitation in scientific settings have
overlooked is how the nature of scientific teamwork necessitates a
distinct approach to facilitating team science. The heart of facil-
itation expertise in non-science settings tends to focus on sup-
porting groups to make decisions about actions they will take
(Kaner, 2014) or resolve conflicts (Carcasson and Sprain, 2016;
Carpenter and Kennedy, 2001). In contrast, science teams’ main
objective is to generate new knowledge (Salazar et al., 2012); this
objective influences how team processes unfold and thus deter-
mines the kinds of support a facilitator needs to provide.

Although it is certainly possible for scientific teams to work
together without the knowledge offered by facilitation practice,
we argue that facilitation expertise elevates and accelerates the
work of team science. Our purpose in this essay is therefore to
articulate the value and practice of science facilitation. We define
science facilitation as comprising three things: (1) a role within a
scientific team that is best filled by someone who uses a distinct
form of (2) practice-based expertise to guide teams in (3) the
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process of scientific collaboration. Throughout this paper we will
refer to all three parts of this system, but we will focus primarily
on the concept of science facilitation expertise, which we
understand as existing at the intersection of scientific collabora-
tion expertise and interpersonal expertise. We thus conceive of
scientific facilitation as a distinct form of interactional expertise
(Bammer et al., 2020). Interactional forms of expertise are usually
tacit, codified by “learning-by-doing,” and augmented from
project to project; therefore, they can be difficult to measure and
may be rarely documented in literature (Bammer et al., 2020).

In the remainder of this essay, we describe in detail science
facilitation expertise (section “Science facilitation: the intersection
of collaborative science expertise and interpersonal expertise”)
and explain how it can be developed through reflection (in-action
and on-action; Schon, 1983, 1987) and metacognitive practices
(section “Developing and applying science facilitation expertise
through reflective practice and metacognition”). We then discuss
three distinct pathways for how science facilitation expertise
might be more widely incorporated into research practice:
developing facilitation skills among scientists leading teams, using
broadly trained facilitators in scientific collaboration settings, and
using specialised science facilitators. We discuss the pros and
cons of each pathway and suggest criteria for selecting the right
approach for a given project. In making this argument, we seek to
help make science facilitation expertise more visible to support
scientific teams to be better able to solve complex and urgent
problems.

Science facilitation: the intersection of collaborative science
expertise and interpersonal expertise

One of the key insights of the recent, rich body of work on the
science of team science (SciTs) is that effective collaborative
knowledge generation requires a combination of collaborative sci-
ence experience and facility with the interpersonal team dynamics
that contribute to effective collaboration (Hall et al., 2018).

Scientific collaboration expertise. The ultimate goal of scientific
collaboration is to produce new knowledge. Like any scientific
process, this requires defining a research question, defining
methods to answer it, identifying or collecting data, analysing
data, producing scholarly products, and translating results to
people who can use them. In team science settings, this process of
creating and sharing new knowledge is the collective responsi-
bility of an interdependent team of scientists (National Research
Council NRC (2015); Table 1). As a result, the process of
developing, refining, and implementing group ideas can be
complex and challenging. Early in a project, scientific teams need
to develop a shared vision of their research scope, brainstorm
research questions, and agree on methodologies to approach a
challenge (Hall et al., 2012). Later in a project, teams must decide
how to jointly collect data, address data sharing, assess evidence
and reconcile different interpretations into a manuscript (Hall
et al,, 2012). The interdependent nature of team science means
that teams must find ways to ensure that all team members are
progressing through the stages of scientific problem solving at the
same rate and pace, for example by encouraging a period of
divergent, creative thinking and then making sure that everyone
is ready to switch to evaluating the ideas generated and conver-
ging on an agreed path forward (Ulibarri et al., 2019). To do this,
teams need psychological safety (Edmondson, 1999) so individual
members feel comfortable sharing bold ideas, honestly evaluating
those of their teammates, and ultimately integrating the best ideas
to move the team forward.
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Scientific collaboration requires not only intellectual coordina-
tion, but also logistical organisation of resources (i.e., money,
people’s time, scientific equipment, etc.) and management of the
group’s collective effort to ensure work proceeds. In the early stages
of a project, groups must develop systems for working together,
including shared document systems, meeting agendas, email lists,
and the like. As a project proceeds, a team needs to create work
plans, make decisions about assigning responsibility for completing
tasks, trade off between competing objectives, troubleshoot
logistical challenges, and often overcome resource constraints.
Depending on the collaboration and the administrative or
institutional support available, the team might also be responsible
for tasks like coordinating submission of team grants, planning
workshops or events, accounting for shared funds, and so on.

The challenge of collaboration becomes even greater in settings
when teams include diverse members from different disciplines or
when scientific objectives are focused on solving applied, real-
world problems (Matthews et al., 2019; Read et al., 2016). Around
the globe, science agencies and funders are increasingly focusing
on science that combines disciplines to solve challenging
problems, including the U.S. National Science Foundation
(NSF, 2017), Horizon Europe (Schiermeier, 2021), and the
Australian Council of Learned Academics (ACOLA; de Vos
Malan, 2016), among others. These diverse calls for updating how
science is practiced share a common recognition that the deep
understanding needed to solve thorny societal challenges simply
cannot be achieved within an individual discipline or professional
field (Lang et al., 2012).

Despite the common recognition of the needs, a wide range of
terms are used to describe scientific research approaches that do
one or more of the following: (a) bridge across diverse disciplines,
(b) address real-world problems, and/or (c) require collaboration
among an interdependent team of scientists. We argue that science
facilitation is beneficial when any of these conditions are met, and
particularly for projects that address two or three of these goals.
We have created Table 1 to highlight some of the most commonly
used and discussed of these approaches. For each approach, we
categorise whether a widely-cited definition in the literature
explicitly specifies each of these three dimensions. We note these
interconnected scholarly discussions are continually evolving, and
these terms may be defined differently by different authors.
Recognising that, we nonetheless believe that science facilitation
broadly, and this paper specifically, is relevant to anyone whose
work incorporates any of the dimensions captured in Table 1.

In this article, inspired by Read et al. (2016; see Table 1), we use
the term breakthrough science to refer to science whose goal is to
integrate different types of knowledge to solve real-world
challenges. This definition overlaps with NSF’s definition of
convergence research (National Science Foundation NSF, 2022),
but in our roles as facilitators we have found “convergence” as a
description of the overall research effort sometimes confuses
teams. As described in more detail in the section “Interpersonal
expertise”, in the team dynamics and problem-solving literatures
that provide part of the foundation for facilitation practice,
convergence is the final stage of a group decision making or
knowledge creation process. There are numerous steps before
convergence which may include: forming, storming and norming
(Tuckman, 1965); divergent thinking and the creative disagree-
ment of the “groan zone” (Kaner, 2014), and development,
integration, and conceptualisation (Hall et al., 2012).

Multiple scholars have argued that competence in break-
through science settings constitutes a distinct form of scientific
expertise. Bammer (2017, p. 2) argues that

“Team-based interdisciplinarity addressing complex socie-
tal and environmental problems needs specific expertise

over and above that contributed by disciplines. This set of
knowledge and skills is currently poorly defined and
recognised. ... Integration and implementation scientists...
contribute to teams requiring expertise in exploring a
complex problem more comprehensively. They...assist
teams in figuring out how best to approach the problem
and its interconnections, which disciplines and stakeholders
need to be involved, how to bring together the various
disciplinary and stakeholder perspectives, how to take into
account what is not known about the problem, how to
support those charged with acting on the problem, and
other related issues.”

Similarly, de Vos Malan (2016, p. 1) delineates transdisciplin-
ary research as necessitating four key “specialised skills” that
experienced project managers or conveners should possess: “the
capacity for rigorous scoping [of real-world problem spaces]; the
development of a collaborative culture; familiarity with serious
and pervasive ambiguity; and a clear understanding of target
audiences.” These are just a few examples of how diverse
literatures identify the need for scientific collaboration expertise, a
key component of science facilitation expertise.

Interpersonal expertise. The interdependent nature of team
science means that interactions between group members are
intimately related to the scientific success of collaborative projects
(Love et al.,, 2021).

Effective teamwork in any field, including science, requires
actively overcoming common team dysfunctions, including
absence of trust, fear of conflict, lack of commitment, avoidance
of accountability, and inattention to results (Lencioni, 2002).
Much of the psychological and organisational behaviour research
on teams is focused on best practices for addressing these and
other potential barriers to effective teamwork; facilitation is a
practice-based field that applies such insights (e.g., Bens, 2017;
Hogan, 2005; Schuman, 2005). For instance, in the early stages of
a project, scientific teams can benefit from developing team
norms and shared expectations for how they will work together
(i.e., team values or ground rules (Duhigg, 2016; Hall et al., 2012)
or developing collaboration agreements that explicitly address
topics such as institutional arrangements, data sharing, team
member time commitments, authorship, and how the team will
access funding or other necessary resources for its work (Gadlin
& Jessar, 2002; Penn State Clinical and Translational Science
Institute, 2021). Common models of team development describe a
cyclical process of team dynamics with periods of uncertainty,
conflict, or chaos that teams pass through before achieving their
final goals (Hall et al., 2012; Kaner, 2014; Tuckman, 1965). In
such periods of uncertainty or conflict, someone serving in a
facilitator role can assist a team to listen productively to one
another, recall team agreements, and serve as a mirror or
“outsider lens” to help the team see its behaviour or work more
objectively (Kaner, 2014).

The importance of interpersonal expertise in collaboration has
also received attention from scholars of team science. Developing
ideas with other scientists or practitioners, especially those with
different academic or professional backgrounds, requires that
team members experience a level of psychological safety (Duhigg,
2016; Edmondson, 1999) that allows them to ask questions,
submit unproven theories to scrutiny, and risk sharing half-baked
or undeveloped ideas (Clark, 2020; Morisette et al, 2017).
Bozeman et al. (2013) argue that the membership of a team is less
important to determining the success of a scientific collaboration
than the nature of the interactions between the people in the
room. Boix Mansilla et al (2016) highlight the importance of
emotional interactions between team members, suggesting that
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Fig. 1 The composition of science facilitation expertise. Science facilitation
expertise is a combination of expertise in scientific collaboration and
interpersonal expertise as applied to facilitation practice.

successfully framing a scientific problem requires quality emo-
tional engagement. Using social network analysis, Zhang et al.
(2020) identify a link between team outcomes and team members’
average emotional intelligence. Similarly, Ulibarri et al. (2019)
argue that empathy and self-awareness (both aspects of emotional
intelligence) can be used proactively to aid collaborative research
and Love et al. (2021) describe how interpersonal relationships
drive successful team science.

Science facilitation. We conceive of scientific facilitation as a
distinct form of professional expertise that exists at the inter-
section of scientific collaboration expertise and interpersonal
expertise (Fig. 1). Scientific facilitation represents the application
of interpersonal skills and facilitation practices to the distinct
challenge of collaboratively solving scientific problems. In other
words, one must know when and how to intentionally take action
to move teams through their scientific work (Graef et al., 2021).
Such movement happens on multiple timescales: moment-to-
moment within a meeting, day-to-day over the course of a multi-
day workshop, and week-to-week or month-to-month as a project
unfolds. Two characteristics define the unique nature of scientific
facilitation: its goal of knowledge creation (as opposed to
decision-making or conflict resolution) and the central impor-
tance of bridging between diverse scientific cultures (Strober,
2010).

Scientific teams are focused on knowledge creation rather than
decision-making. Most of the literature on facilitation to date has
focused on supporting groups to make decisions about actions
they will take (Kaner, 2014) or resolve (sometimes deep-seated)
conflicts (Carcasson and Sprain, 2016; Carpenter and Kennedy,
2001). In contrast, science teams’ primary objective is to generate
new knowledge (Salazar et al., 2012). Knowledge creation involves
working at the fringes of what is currently known, which shapes
the nature of agreement and disagreement within the team as it
collectively moves toward its vision of scientific “truth”. This can
mean that teams often must begin by explicitly defining core
assumptions about a problem or its causes; these core assump-
tions may or may not be shared among team members. Indeed,
one of the defining characteristics of the “wicked” problems that
are the focus of so many team science efforts is that the way the
problem is described influences one’s understanding of the
problem and the set of possible solution spaces (Rittel and
Webber, 1973). The knowledge creation objective also means that
teams need to reach a high level of agreement about their
conclusions and final products because scientific traditions of
authorship place high burdens of responsibility on each member
of a shared author team (International Committee of Medical
Journal Editors (ICMJE), 2021)).

6

The distinction between facilitation for decision making and
knowledge creation is subtle (and may blur in some settings
where the goal of the science is to influence policy decisions or
similarly aid stakeholders), but still real and important in practice.
One key distinction is the way a team moves through the phases
of divergent thinking and the creative disagreement that Kaner
(2014) terms the “groan zone.” This is when a team uncovers
differing assumptions and eventually reconciles them to create a
convergent, shared team vision. In a decision-making process, the
heart of disagreement is generally about what action a team will
take; the facilitator’s role is to help the team understand the
interests and preferences of team members and negotiate
agreements about moving forward (Kaner, 2014). While different
views about what to do may be shaped by underlying values and
even identities, principles of interest-based negotiation (Fisher
et al, 2011) can often help a team find mutually agreeable
solutions without needing to resolve underlying conflicts over
values.

In knowledge creation processes, in contrast, the core
disagreements in the “groan zone” are often about what quality
or rigorous research looks like and how the interdependent team
should proceed to produce work on which each individual is
comfortable staking their personal scientific reputation. This
changes the facilitator’s role from helping a team agree on actions
it will take to helping the team understand the extent to which
underlying core assumptions are shared or not shared between
team members. Particularly in breakthrough science settings,
where groups are deliberately trying to integrate multiple
disciplines and/or span research-practice boundaries, one of the
key challenges of collaboration is bridging between diverse
scientific cultures, including integrating members’ mental models
while making explicit concepts and assumptions held by group
members that might otherwise be implicit or tacit (Hubbs et al.,
2020). Hall et al. (2012) describe the development stage where
teams develop a shared language so they can eventually progress
to more advanced stages: conceptualisation, implementation, and
translation.

Enhancing cross-disciplinary communication and developing
shared understanding within the team thus becomes an essential
milestone for breakthrough science teams (Hubbs et al.,, 2020;
O’Rourke and Crowley, 2013). One person’s common terminol-
ogy is another person’s jargon, and conflicts over terms can be a
common source of conflict. Such conflicts often reveal differences
in underlying assumptions about how rigorous research is
conducted which are deeply embedded, sometimes uncon-
sciously, in scientists’ epistemologies, ontologies and methodol-
ogies (Khagram et al., 2010; Moon et al,, 2019). For example,
some (often natural science) disciplines insist that all research is
driven by hypothesis testing while other (often social science or
humanities) disciplines regularly begin projects with exploratory
statements and rarely use hypotheses. Questions to explore these
sorts of differing starting assumptions are the focus of the
ToolBox Dialogue project (Hubbs et al., 2020). Resolving such
foundational conflicts and coming to mutually agreed upon
definitions of terms is critical for scientific teams to achieve their
research goals (Hall et al., 2012). Science facilitators can provide
structured activities that help teams make progress to address
these types of challenges while helping create an atmosphere that
promotes psychological safety (Duhigg, 2016).

Science facilitators use scientific collaboration expertise and
interpersonal expertise simultaneously and interdependently to
guide a team as it moves through the complex process of
collaborative scientific work. All professional skill sets are built on
a foundation of experience and knowledge; humans often learn by
connecting new information to what is already known (Grippin
and Peters, 1984). For example, an individual learns to cook from
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family, personal experience, recipes, books, and numerous other
life experiences. These experiences build, iterate, and ultimately
contribute to a person’s culinary outputs at any given meal.
Similarly, the types of training and professional activities a
facilitator has experienced comprise the contents of a metapho-
rical “recipe box,” a mental repository of facts, processes,
situations, and lessons learned. One key difference among
facilitators is the contents of their recipe box. For each person,
the information in the recipe box will be unique. The next section
describes how a facilitator might develop their own unique recipe
box through reflection-in-action, reflection-on-action, and
metacognition.

Developing and applying science facilitation expertise
through reflective practice and metacognition
Here we draw on theory from the learning sciences to explore
what constitutes professional expertise and how someone devel-
ops it in a field like science facilitation. Specifically, we use
Schon’s (1983, 1987) description of professionals as “reflective
practitioners” who progressively develop more effective abilities
to react to situations they encounter in real-world practice.
Schon’s work and related work on reflective practice (e.g., Harvey
et al, 2016; Johns, 2017) emphasises that the development of
expertise is grounded in a combined awareness and analysis of
oneself as a learner and the accumulation of relevant professional
experiences (i.e., one’s ever-growing recipe box), from which one
draws lessons that contribute to the development of specialised
professional intuition. Deep expertise in a practice-based field like
science facilitation develops from experience grounded in
reflection-on-action and reflection-in-action (Fig. 2).

Reflection-on-action is a common component of experiential
learning in which a person has an experience and reflects on it
later to identify important lessons or qualities. In the recipe
box, this process may be thought of as sorting and indexing the
situations that give one insight into a professional field. For
facilitators, reflection-on-action consists of consciously
reflecting on group processes in which one served as a group
member or facilitator to understand how the facilitator’s
actions influenced outcomes for the group. Reflection-on-
action can guide follow-up activity and planning for subsequent
meetings, as part of responding to critical incidents from prior
meetings and planning next steps. As a person participates in
and reflects on more and more group processes, they develop a
richer body of practice-based knowledge about what does or
does not work in particular situations. In other words, they
grow from having the recipe box of a beginner to that of a
skilled, intuitive chef.

In contrast, reflection-in-action “reshapes what we’re doing
while we’re doing it” (Schoén, 1987, p. 26). It is a dynamic process

metacognitive processes
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Fig. 2 Metacognitive processes that support learning from experience to
inform future experiences. Reflection-on-action is experiential learning
based on past experiences. Reflection-in-action is real-time reflection to
link current experiences with relevant past experiences.

that occurs simultaneously with practice and is often equated
with thinking on one’s feet, key for responding in real time during
a facilitation. Schon highlights that when experienced practi-
tioners are observing a situation, they are implicitly comparing it
to past situations they have previously encountered. This can be
thought of as scanning through one’s recipe box to find the past
situation(s) that best match what is currently being encountered.
Greater numbers of cases in one’s recipe box provide greater
numbers of cases to draw on in this process, which Schén termed
“thinking with exemplars.” Reflection-in-action is thus analogous
to the cook who realises a key ingredient is missing midway
through the preparation of a soup but is instantly able to pull the
recipe for a different soup out of their recipe box. In facilitating,
skills such as reading a room of participants and adapting
activities to suit, or reacting to unforeseen occurrences, such as
uncovering a disruptive piece of information, are examples of
reflection-in-action happening in practice.

Taken as a whole, reflective practice enables facilitation pro-
fessionals to develop their skillset based on a thoughtful
grounding in the experiences of real-world practice. One’s col-
lection of instances of in-the-moment reflection increases over
time through those experiences. Conscious reflection on those
moments builds and deepens one’s understanding of how those
moments come about, how they can go well or poorly, and how
one might choose to handle them in the future.

Both types of reflection contribute to the process of metacog-
nition, defined as “people’s awareness and understanding of their
own thinking and learning processes, as well as their regulation of
those processes to enhance their learning and memory” (Ormrod,
2016, p. 363). For a facilitator, metacognition encompasses all the
mental processes that may be engaged when facilitating a group,
from facilitation design before even meeting the team, planning
the arc of a project’s lifespan, and seeking facilitation resources to
bolster approaches as the specifics of the project and participants
become more apparent. For example, a facilitator relies on their
metacognitive skills to evaluate the task at hand, including the
available resources for the team, and to determine which strate-
gies are appropriate for helping the team reach its goals. Facil-
itators learn from their direct experiences (reflection-in-action),
later consideration of those experiences (reflection-on-action),
and engage in purposeful, directed progress towards learning
goals and opportunities for improvement (metacognition). Over
time, an increasing number of practice-based experiences and
associated reflections develop and combine into greater profes-
sional expertise and skill.

The implication of reflective practice is that practice-based
expertise develops from a combination of technical knowledge,
accumulating real-world experiences, conscious learning from
past experiences, and intentional professional growth. Success-
fully facilitating in scientific settings requires practice-based
facilitation knowledge to be tailored and applied to the specific
challenges of collaborative or breakthrough scientific research.
The ability to tailor and apply facilitation will depend on the
contents of the facilitator’s recipe box. For example, a person with
extensive science team experience but relatively little inter-
personal and facilitation experience might be the right match for
an established, productive team grappling with a new or difficult
technical challenge. Conversely, if a team has complicated inter-
personal dynamics, the facilitator’s scientific expertise might
matter comparatively less than their facilitation and group pro-
cesses experience. In essence, the needs of the team need to match
with the content of the facilitator’s unique repertoire of profes-
sional experiences and learning. The next section describes these
challenges in greater detail, providing snapshots of the practice-
based knowledge required to work effectively in varying scientific
settings.
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Three pathways: matching science facilitation expertise to a
team's needs

Teams who are pursuing collaborative and breakthrough science
work across widely varying contexts, including extremes of team
size, team funding, and team timelines. Some teams may com-
prise only a handful of researchers within a single institution
working together for a few months to pull together a larger grant
proposal. Other teams may span a range of universities, agencies,
non-profits, and for-profit companies, and collaborate over years
or even decades. Given the importance of science facilitation, how
then can team scientists determine what level of expertise they
need for a given project?

We propose that there are three pathways scientific teams can
follow. For some projects, a team leader or member with deep
knowledge of the project or disciplinary field (e.g., principal
investigator (PI), co-PI, research administrator or project man-
ager) with some experience or training in facilitation and inter-
personal dynamics could play dual roles of facilitator and team
member (Path 1), either drawing on skills that already exist in the
group or cultivating them. Other projects might need a facilitator
external to the group with a much greater degree of interpersonal

and facilitation expertise but might not necessarily require
someone with deep science collaboration experience (Path 2). The
final case is projects that require a person outside the team to
serve in the facilitator role and need that person to have specia-
lised expertise in both scientific collaboration and group processes
(Path 3). In describing these different paths, we refer to an
individual facilitator for simplicity, but co-facilitation or facilita-
tion teams can be critical for supporting bigger scientific teams,
scientific teams who are less experienced with facilitation, or for
more complicated tasks.

Whether a given team science process falls into Path 1, 2, or 3
will depend on a variety of factors, including: the complexity of
the project, the stage of the scientific process, the strength of pre-
existing relationships among team members, legacies of prior
conflict and the nature of the conflict, the diversity of knowledge
systems being brought together within the team, what funding
mechanisms provide or demand when it comes to facilitation, the
availability of relevant science facilitators, and more (Table 2).
Table 2 also includes potential use cases for each path. Teams
might also move between paths at different points in a project, as
we discuss in Section 5.

Facilitator type Facilitation by scientist within
team trained in facilitation

(Path 1)

Table 2 Key qualities of the three science facilitation pathways.

External general facilitators (Path 2)

External science facilitators (Path 3)

Strengths e Lower cost, assuming
facilitator is already a

team member

e Professional facilitation expertise

e Combined professional facilitation
and scientific expertise

Risks

Project characteristics that
might be most successful with
this approach

e Familiar with scientific content
and processes

e Expedited orientation to the
team and project

e Facilitator and team by
definition are on same timeline

e Likely to have limited
facilitation experience
compared to professional
facilitators

e May need additional training,
requiring time and other
resources

e May be tension between
facilitator role and ability to
contribute as scientist

e Subject to internal power
dynamics

e Presumed neutrality as a project
“outsider”

Can support team members'
metacognitive development around
team functioning and process

Potentially higher cost than an internal
facilitator

Requires time to orient to the team
and project

Limited understanding of scientific or
disciplinary processes

May have less credibility with team
members due to lack of understanding
of scientific or disciplinary processes
Unnecessary additional expense if
unable to navigate problems specific
to the scientific process

e Presumed neutrality as a project
“outsider”

e Can support team members’
metacognitive development around
team functioning and process

e Potentially higher cost than an
internal facilitator

e Requires time to orient to the team
and project

e Specialised skill set may be difficult to
find or right people may have limited
availability

e Unnecessary additional expense for
simpler projects

No facilitation or suboptimal facilitation could lead to time wasted, a failure to produce necessary knowledge products,
loss of trust in facilitation process, or a lack of quality science

e Small teams (<5-10)
e Small budgets

o Internal facilitation expertise
already exists in the team

e Teams with existing
relationships or healthy
interpersonal dynamics

e One or more team members
are eager to develop
facilitation skills

e Big teams (>10)
o New teams

e Occasional important planning
meetings or proposal development

e Projects whose complexity comes
from interpersonal aspects (e.g.,
history of conflicts, many
institutions, etc.)

e By default, in situations that are too
complex for Path 1 and Path 3
facilitators are not available

e Big teams (>10)

e New teams, especially those with
diverse scientific composition

e Occasional important planning
meetings or proposal development

e Projects whose complexity comes
from knowledge convergence,
knowledge integration, or cross-
cutting research goals
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Path 1: Facilitation by someone internal to the team with
greater scientific collaboration than interpersonal expertise.
For some projects, a project leader or member with some
experience or training in facilitation and interpersonal dynamics
could play dual roles of team member and group facilitator
(Bennett et al.,, 2010; Eigenbrode et al., 2017). This might include a
PI, co-PJ, research administrator or project manager, or a graduate
student or postdoctoral researcher who is interested in facilitation,
but who is involved in the project as a scientist first and a facil-
itator second. This internal person may have some facilitation
experience that predates the project, but they are likely to possess
stronger expertise in scientific collaboration than interpersonal
and group dynamics The benefits of an internal person filling the
science facilitator role is that it may be most affordable (especially
if the scientist has previous facilitation training) while also
allowing for responsiveness to emergent needs from within the
team as the collaboration process progresses. This approach is
thus highly flexible, as it does not require finding or hiring an
external person to serve in the facilitator role. Another benefit is
that it builds capacity within the team and for the individual. For
instance, paying for facilitation training for a postdoctoral scientist
within a project team and supporting that person to play the
facilitator role results in learning for the team over the course of
the postdoc’s participation and hones a skill the scientist can take
with them into future projects.

One of the risks of Path 1 is that basic facilitation training is
not the same as experience developed over time through practice
and reflection. Like following recipes in a cookbook are only the
first step to becoming an intuitive cook, training can start
someone along the path of developing expertise, but this option
includes the potential for group management mistakes arising
from a comparative lack of interpersonal expertise. Other risks
include the slowing down of the process as someone finds and
attends training, and the difficulty placed on the chosen
individual to strike a balance between contributing as a scientist
and facilitating the team. It can be exceedingly difficult to both
represent one’s own research area of interest within the team and
simultaneously serve as facilitator, especially if the facilitator role
is being filled by someone with less power in the team, such as a
more junior scientist, a graduate student, or a member of a
marginalised group (e.g., a woman or person of colour in STEM;
Carpenter-Song and Whitley, 2013; Gaughan and Bozeman,
2016). Conversely, if the facilitator is someone in an authority
role within the project (e.g., programme manager or PI), they
may struggle to be seen as neutral by the group or may find it
difficult to separate their own vision for the scientific collabora-
tion from their role as the facilitator (Halpern and O’Rourke,
2020; Wrdbel et al., 2021). Both of these cases can create tensions
for the individual in how they experience their role and can also
constrain the contributions that other group members feel
comfortable making.

Path 2: An experienced facilitation professional with minimal
scientific collaboration experience. A second approach is for the
scientific team to hire an external facilitator or facilitation team
with general facilitation experience. Such external facilitators will
likely bring substantive interpersonal expertise but comparatively
less expertise with processes of scientific collaboration. These
facilitators have developed their facilitation expertise through
reflective practice and metacognition with non-scientific teams
working in sectors such as government (including state or federal
policy making or local-scale community engagement), non-
governmental organisations (NGOs), education, or business.
The strengths of Path 2 arise from the strengths of the field of
facilitation itself. An external facilitator brings greater neutrality

than a scientist embedded in a team can bring. As a designated
person whose job is to pay attention to group dynamics and
interpersonal interactions, a facilitator external to the team can
stay outside of conflict and approach challenges with fresh eyes.
Experienced facilitators bring a wide range of experiences of what
has and has not worked in past groups and a multi-faceted
toolbox of techniques that can help a group work more effectively
together. An experienced facilitator is likely to have established
metacognitive practices and can support team members in
becoming aware of and developing individual and collective
reflective practices around team processes. In addition, facilitators
with general experience are likely to be more widely available
than specialised science facilitators.

The main risk of Path 2 is that the facilitator’s past experiences
may or may not be directly applicable to the specific scientific
collaboration challenges faced by the team. In essence, they may
possess a recipe box for the wrong kind of cuisine. For instance, a
facilitator with insufficient experience in scientific collaboration
or breakthrough science settings may misunderstand or overlook
necessary steps in the collective knowledge creation process,
which could undermine the team’s ability to produce quality
science in a timely way or may pit the team’s scientific leadership
against the facilitator rather than allowing both to work together
to achieve common goals. Facilitators who do not understand the
unique epistemological cultures that exist within different
scientific disciplines (Strober, 2010) are less likely to choose
appropriate structures and processes to effectively leverage the
different types of contributory expertise in a group and allow
members to engage in productive breakthrough science research
(Wardale, 2013). At worst, hiring an external facilitator who is
unable to recognise and help the group navigate challenges
specific to the scientific process could lead to backlash within the
scientific team against the idea of investing in facilitation. Finally,
we note that hiring external facilitators generally costs more than
having someone within the team attend training and play
this role.

Path 3: A science facilitator brings a blend of scientific colla-
boration and interpersonal expertise. The third path is to hire
someone external to the team to serve in the facilitation role who
brings a combination of interpersonal expertise in managing
groups with intellectual and process expertise in collaborative
team science. We term this specialised combination science
facilitation expertise.

Science facilitators differ from general facilitators (Path 2) in
their repertoire of reflective practice and metacognition from
working with scientific teams in the past and they bring a greater
depth of interpersonal expertise than would be available if a team
member served in the facilitator role (Path 1). As in Path 2,
science facilitators can support team members in increasing their
metacognition through reflective practices. Thus Path 3 offers the
benefits of a higher degree of neutrality and the application of
more specialised knowledge and techniques shaped by past work
in similar contexts.

In many ways, then, Path 3 offers the best of both worlds.
However, we caution that this level of specialised experience will
not be necessary for many projects. In addition, finding and
paying for such specialisation may be challenging. The number of
individuals with the depth of expertise in both facilitation practice
and science collaboration to meet our definition of Path 3 science
facilitators is still relatively small, though growing fast. As a result,
these individuals may be hard to identify, may have limited
availability if they can be found, and may not have other desired
characteristics (e.g., ability to travel). Like Path 2 facilitators,
hiring someone external to the team to guide a group’s process
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carries increased costs and may require additional time to identify
and hire the right facilitator. This may be even more of a
challenge with Path 3, as the number of job titles and institutional
arrangements under which these individuals work is in our
experience greater than Path 2 facilitators, who tend to simply be
called “facilitators.”

Discussion

Bammer et al. (2020) identified and defined two categories of
expertise: (1) contributory expertise, expertise required to make a
contribution to a field or discipline (Collins and Evans, 2007); and
(2) interactional expertise, socialised knowledge that includes
socialisation into the practices of an expert group (Bammer et al.,
2020). We argue that effectively guiding collaborative science
groups—and in particular, those addressing the most pressing
global problems that require breakthrough science—requires two
intersecting types of interactional expertise: facility with colla-
borative science and the ability to apply principles of inter-
personal dynamics to group facilitation. Collaborative science
expertise includes the skills that Bammer (2017) defined as the
core competencies of implementation and integration specialists.
The broader professional field of facilitation (e.g., Bens, 2017;
Hogan, 2005; Kaner, 2014; Schuman, 2005) represents a second
form of interactional expertise, a well-developed body of inter-
personal theory and practical knowledge for managing complex
group processes and helping teams work well together.

One of our goals in advancing a formal definition of science
facilitation is to make explicit the tacit interactional contributions
and skills that the people doing this work possess. We also argued
there are at least three options for how and by whom the scientific
facilitation role within a team can be filled. Identifying the most
appropriate option requires matching the needs of a given project
with the expertise of the person who will fill the role. We pre-
sented three paths that capture the major variations we believe are
possible (though hybrids might exist) and described pros and
cons of each path (Table 2).

For projects that are expected to have minimal conflict or
where teams have existing relationships, Path 1—a scientific team
member acting simultaneously as facilitator—can be a pragmatic
and low-cost arrangement that over time builds science facilita-
tion capacity within the team. Conversely, Path 2 involves a
broadly trained facilitator or facilitator team who brings a great
deal of facilitation and interpersonal experience, but who is new
to applying that expertise in the science facilitation context. For
this reason, we argued that Path 3, having someone with balanced
expertise in both interpersonal dynamics and science collabora-
tion serve in the facilitator role, is likely the most efficient solution
in highly complex breakthrough science settings. However, we
recognise that identifying, funding, and hiring Path 3 facilitators
can be challenging.

Each of these paths offers value for certain scientific teams, but
none of them provides one single model that will work for every
situation. For instance, a scientific team might decide to follow
different paths at different stages of a scientific collaboration, such
as bringing in external science facilitators early on to establish an
overarching vision for a project but then relying on internal
facilitation for smaller, less consequential meetings. An existing
scientific team might also use this rubric to assess their own
effectiveness and identify whether they have a path-project mis-
match, in which case they might try an alternative path. Finally,
we note that all three paths are relatively agnostic as to the
institutional home of the facilitator. In particular, a Path 2 or Path
3 facilitator might be employed by a professional facilitation firm,
a university, or a funding agency. Nothing in our personal
experience nor, to our knowledge, in the published literature

10

suggests that institutional home makes a significant difference to
the expertise the individual facilitator brings to their role, though
it might be that certain combinations of paths and institutional
models offer certain benefits.

Conclusion: recommendations for building capacity for
scientific facilitation

Science facilitation is a core function that must be provided for
within any well-functioning team science effort. Here we build upon
and expand the argument made by Graef et al. (2021, p. 110), who
argued that facilitation can serve as a “method to create the con-
ditions for innovative and collaborative forms of [scientific]
synthesis.” In this sense, then, scientific facilitation may be regarded
as an aspect of scientific leadership (Durose et al., 2021; Eigenbrode
et al, 2017; Sapienza, 2004) that is necessary for producing
knowledge, addressing power dynamics, and making space for the
voices and contributions of diverse collaborators of all ages, stages,
and backgrounds (Bens, 2017; Carpenter-Song and Whitley, 2013;
Gaughan and Bozeman, 2016). Science facilitation expertise and the
techniques used by skilled practitioners connect to and to some
extent overlap with other domains, including project management
(Sutton et al,, 2019), organisational behaviour (Champoux, 2016),
and conflict resolution (Carpenter and Kennedy, 2001; Rosenberg,
2012). However, we argue that the heart of science facilitation
expertise is distinct, shaped by the unique sets of past experiences
and metacognitive learning science facilitators bring to their roles.
We thus offer four recommendations to increase the capacity of
individual scientists, teams, institutions, and the wider scientific
community to access this essential skill.

First, making access to science facilitation expertise more
widespread will require support from funders. Science facilitation
requires a specialised set of skills, training, and experience. At the
individual project level, PIs need to make sure budget requests
realistically reflect the facilitation needs of their teams, whether
they are asking for professional development for a Path 1 facil-
itator or support for a Path 2 or 3 facilitator. While requesting
funding for facilitation may still seem unorthodox within some
contexts, funding agencies around the world are increasingly
requiring clear descriptions of how researchers will manage
projects and how interdisciplinary teams will ensure collaboration
is successful (e.g., Dynamics of Integrated Socio-Environmental
Systems (DISES), 2020; Marsden Fund Council, 2021). Budgeting
in a facilitator can fit naturally within these guidelines. At the
level of the research programme or funding agency, widespread
anecdotal evidence and qualitative studies of individual projects
(e.g., Love et al, 2021) suggests the return on investment for
funding science facilitation is likely to be high, though this is an
area ripe for further empirical evaluation. In the meantime, we
suggest that funders remain open to paying for facilitation
training for scientists or external facilitation, particularly for large
or complex interdisciplinary projects.

Second, the process of science facilitation takes time and pre-
paration (Graef et al., 2021), primarily because the collaborative
and breakthrough science processes that are being guided require
substantial time, effort, preparation, and trust among participants
to succeed (National Research Council (NRC), 2015). A rule of
thumb one of our author team uses is that every hour of quality
meeting time will take two to three hours of planning time; there
is also time needed for PI(s) and science facilitator to get on the
same page. This means an external facilitator can most effectively
aid a team when they are brought into a process early and allowed
sufficient time to do their job. Depending on the team and pro-
ject, timing can be an additional reason that a Path 1 facilitator is
the right choice, as their dual role means they are by definition on
the same timeline as the team.
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Third, we urge research institutions, funding agencies, and
those who educate scientists to consider how scientific facilitation
expertise might be cultivated within scientists™ career trajectories,
as well as within the scientific workforce. We find scientific
communication to be an instructive analogue. Science commu-
nication has become widely recognised as a skill set that all sci-
entists should develop to ensure their research findings are
understood and useful to key audiences (Burns et al, 2003;
Fischhoff, 2019). In a world where science is increasingly done in
collaborative teams, we propose that science facilitation needs to
be recognised as a core expertise deserving similar investment.
Even if scientific teams rely on external science facilitators, PIs
and team leaders need to be able to collaborate effectively with the
facilitators they hire. Furthermore, some of the graduate students
of today might be the science facilitators of tomorrow.

We argue that a range of professional development opportu-
nities at a range of experience levels ought to be available. Instead,
when members of our author team searched recently for such
specialised training, we found almost nothing focused specifically
on science facilitation, though introductory (general) facilitation
courses are widely available through universities and non-profits.
Like many other interactional forms of expertise, science facil-
itation capability is gained through practical experience and
metacognition, suggesting the need to develop training oppor-
tunities that support learning from a person’s early facilitation
attempts, especially those within a science context. At present,
scientists who are interested in facilitation may look to established
facilitation societies (e.g., International Association of Facilitators
(IAF)) for workshops, guidelines, and other resources related to
facilitation skills. Scientists can also seek out facilitation mentors
who may be willing to let them apprentice as a co-facilitator
during meetings or serve as a coach to aid reflective learning as
one gains experience.

Finally, there is a need to take the conceptual arguments pre-
sented here and move them the next step forward into imple-
mentation. One need is to assess where to situate scientific
facilitation expertise within scientific institutions. Faculty mem-
bers and other research personnel frequently use facilitation skills
when convening and leading team science projects, though few
have received training for this aspect of their roles. For larger
programmes or cross-institutional initiatives, there are already
roles such as project managers, programme managers, and
research coordinators who likely already use scientific facilitation
skills but may not be recognised for it. Within universities, staff in
research development offices, interdisciplinary research centres,
and centres for teaching and learning may play important roles in
the development of new projects, in project implementation, or
evaluation. In some cases, these types of centres or offices are
investing in team science or interdisciplinary research positions
that require significant science facilitation expertise. Faculty,
programme managers and university staff who facilitate scientific
teams may desire additional opportunities to hone their skills,
especially if they never received explicit facilitation training,
Additionally, there is a small but growing number of private firms
offering science facilitation consulting.

A second need is to analyse when in the scientific pipeline
facilitation support might be most essential. The authors’
experience with seed funding opportunities offered by the NSF
and other organisations that provide support (e.g., time, training,
education, and financial resources) for teams to brainstorm,
develop, and prepare for larger grant proposals suggests that the
project scoping phase might be a particularly fruitful time for
facilitation, as this is when diverse team members’ assumptions
about research, understandings of key science needs, and indi-
vidual interests are melded into a compelling collective proposal.
Other initiation activities (e.g., starting a new research centre,

kicking off a working group, welcoming a new cohort of graduate
students into a multi-institution project) might similarly warrant
facilitation assistance.

Breakthrough science that can address society’s most pressing
problems is, and will continue to be, an essential branch of sci-
ence. Science facilitation shows great promise as a strategy for
supporting collaborative teams to conduct breakthrough science
(Graef et al., 2021), but remains underexplored and under-
recognized. The last decades have seen an explosion of profes-
sional development focused on science communication, driven by
a shared recognition that science communication is a founda-
tional scientific practice requiring specific expertise (Burns et al.,
2003; Fischhoff, 2019). We hope that in the years to come, science
facilitation will similarly come to be recognised as foundational to
the collaborative generation of cutting-edge, solutions-focused
scientific knowledge.
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