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Abstract
A major barrier to achieving wide-spread progress on planning for impacts from climate change is
the lack of trained scientists skilled at conducting societally-relevant research. Overcoming this
barrier requires us to transform the way we train scientists so they are equipped to work with a
range of different societal partners and institutions to produce the science needed to address
climate change and society’s other pressing environmental challenges. As researchers at climate
research organizations that work directly with decision-makers and stakeholders to produce
decision-relevant science, we are entrenched in advancing actionable climate science. Based on our
experience preparing scientists for similar careers, we offer a perspective on a path for the academy
to better develop, train and support scientists to conduct societally relevant research. We emphasize
the need for science training that builds collaborative science skills at different career stages to
develop a strong community of practice around actionable climate science. We offer insights from
our training and capacity-building programs to demonstrate this transformation, and point to
strategies that can be adopted at other universities to grow the capacity of scientists to support
society in achieving rapid progress on climate action.

1. Introduction

The unprecedented urgency and magnitude of
response demanded by climate change and other
environmental threats has led to calls for transform-
ation across social, economic, technological, and
political realms (IPCC 2018, IPBES 2019). While the
burden for transformation is often placed on these
societal dimensions, we in the scientific community
must also critically self-reflect and transform the way
we produce scientific knowledge to better support
this work (Moss et al 2013). Echoing Lubchenco’s
(1998) call for a new social contract between sci-
ence and society, there has been growing demand for
the scientific enterprise to expand its core values and

practices to enable themassivemobilizationnecessary
to reach global sustainability goals (Mach et al 2020,
Norström et al 2020). The IPBES Global Assessment
Report on Biodiversity and Ecosystem Services
(2019), for example, calls for assessments and solu-
tions that incorporate diverse knowledge systems and
identifies the critical importance of engaging with
local decision-makers and stakeholders in examin-
ing human-environment interactions for policy
and action (Diaz et al 2018). But such engagement
remains elusive within the scientific enterprise, and
while scientists have advanced society’s understand-
ing of the climate and land-use challenges driving
biodiversity loss (IPCC 2018, IPBES 2019), soci-
ety continues to fall short of taking the necessary
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action needed to address these threats. Though sci-
ence is only one of many factors influencing decision-
making, the science that is available is often pro-
duced in ignorance of the concerns and contexts
of the decision-makers it could inform (Moss et al
2013), resulting in scientific knowledge with lim-
ited relevance and utility for policy and management
(Lemos et al 2012, Díaz et al 2018). This ignorance
can also result in harm to local communities in how
science is generated and applied (Klenk et al 2015,
Lacey et al 2015, Ford et al 2015), as has been seen
in past Western science engagement with Indigen-
ous knowledges and communities (David-Chavez
and Gavin 2018). Addressing these short-comings to
meet the need for science that serves society has often
emphasized the need for a new type of science (Lub-
chenco 1998, Van Kerkhoff and Lebel 2006, Lemos
et al 2012, Kirchhoff et al 2013, Moss et al 2013); far
fewer calls have examined pathways for developing a
new type of scientist (but see Rapley and De Meyer
2014, Rapley et al 2014, Lozano et al 2019). Here we
focus on one course of action needed to ensure that
the scientific enterprise is actively engaged inmeeting
society’s pressing environmental challenges: chan-
ging how we train and support scientists so they can
do the kind of societally engaged research shown to
increase the ability of decision-makers to apply cli-
mate science to policy and management (Reed and
Meagher 2019, Mach et al 2020).

Collectively, we refer to non-academic partners in
scientific research—those who will be applying the
research most directly to solve problems—as soci-
etal partners. There are several reasons why soci-
etal partners have often been excluded from the sci-
entific process, including in the production of use-
inspired climate science. These reasons include a lack
of diversity and inclusion in science (Klenk et al
2015, Brondizio and Le Tourneau 2016), institutional
rigidity surrounding science production (Shanley
and Lopez 2009) and tensions within science cul-
ture (Wynne 1992, Jasanoff 2003). Within scientific
culture, scholars point to the way in which scient-
ists distinguish and promote scientific knowledge at
the expense of other forms of knowledge in soci-
ety (Gieryn 1983, Fischer 2000, Bocking 2004). The
drive for universality embedded within the scientific
enterprise also promotes a disconnect from context
(Dupré 1995; Cartwright 1999). The result is that,
too often, scientific research has limited applicabil-
ity for addressing sustainability and climate change
issues (Lubchencho 1998, Díaz et al 2018). These
constraints are often reinforced in the way we train
scientists to equate unbiased and objective truth
with scientific credibility, and centering that sci-
entific credibility on processes that are seemingly
divorced from societal values and non-science com-
munities (Gieryn 1983, Stirling 2010). While main-
taining scientific rigor and quality is critical to
ensuring that decisions are informed by defensible

information, scholarship over the past several decades
demonstrates science is not value-free (Gieryn 1983,
Fischer 2000; Sarewitz 2004, Bocking 2004) and
expands the view of scientific credibility in relation
to the involvement of non-science communities in
the production of science (Stirling 2010). Despite the
growing recognition that scientific credibility can be
related to its societal relevance and co-development
with societal actors (Funtowicz and Ravetz 1993;
Stirling 2010, Moss et al 2013), science training falls
woefully behind in fostering the skills and attitudes
needed to support this work. This is partially why
the science usability ‘gap’ is perpetually reproduced
(Lemos et al 2012).

Several scholars point to the usability gap to draw
attention to transforming the way scientific know-
ledge is produced, claiming a new social contract for
science, in which science is conducted in service to
society (Lubchenco 1998, Lang et al 2012, Lemos et al
2012). This new approach emerging at the end of the
20th century has different names and characteristics,
including co-production, transdisciplinary, action-
able science, and others. Collectively, we take these to
mean science that is produced in collaboration with
decision-makers and stakeholders to address relev-
ant decision-making contexts, which helps close the
usability gap (Cash et al 2003; Lang et al 2012, Lemos
et al 2012, Goodman and Thompson 2017, Knapp
et al 2019). Here we use the term ‘engaged science’
to refer to scientific research that has been conducted
with the engagement and participation of the soci-
etal actors who are affected by the issue or will use
the research findings in policy or practice. Scientists
and scholars have argued that engaged science still
allows for the production of sound research (Moss
et al 2013), but the path to developing this new sci-
ence requires a new kind of scientist, with a new set
of skills and cultural orientation (Segalas et al 2010,
Sprain and Timpson 2012, Leshner 2018).

Here we offer a perspective on a path for the
academy to better develop, train and support scient-
ists across career stages to engage in societally rel-
evant climate change research. We begin by review-
ing the sustainability and higher education literat-
ure to articulate key core competencies and pedagogy
that can be applied to train societally engaged sci-
entists. We then identify institutional barriers to pro-
ducing engaged scientists, and, based on our exper-
ience preparing scientists for careers in engaged sci-
ence, identify successful approaches for overcoming
these barriers to transform scientific training in the
academy. We offer examples from our own train-
ing and capacity-building efforts at climate research
organizations working directly with decision-makers
to suggest specific strategies that can be adopted for
different career stages to grow scientists’ capacity to
work with societal partners to produce the kind of
engaged climate science so critical to achieving rapid
progress on climate and sustainability goals.
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2. Producing societally engaged scientists

For nearly twenty years, sustainability scholars have
been researching ways to train students to develop the
applied and collaborative skills needed to solve com-
plex environmental challenges (Steinemann 2003,
Rowe 2007, Wiek et al 2011). Because this research
points to approaches to help students gain the skills
needed to work in a non-academic context, we can
drawon lessons from sustainability scholars to aid our
understanding of how to produce societally engaged
scientists. Similar to training sustainability profes-
sionals, carrying out engaged science requires a new
type of scientist capable of working across and integ-
rating different types of knowledge and facilitat-
ing knowledge exchange in the context of multiple,
sometimes competing perspectives (Cvitanovic et al
2019, Norström et al 2020). This new knowledge has
been described by others as core competencies, or
desired educational outcomes related to key know-
ledge, aptitudes, skills, and abilities to perform a task,
summarized in table 1 (Wiek et al 2011, Lozano et al
2017). For example, Wiek et al and the National
Research Council both identify systems, anticipatory,
values and strategic thinking as well as normative
and interpersonal aptitudes as necessary for pursu-
ing a career in sustainability work (Wiek et al 2011,
NRC 2015). Brundiers et al (2020) expand upon
this initial set of aptitudes to include intrapersonal
and implementation competencies. Lozano et al offer
12 learning objectives that further articulate values
and social emotional competencies, suggesting that
sustainability competencies include: systems think-
ing; interdisciplinary work; anticipatory thinking;
justice, responsibility and ethics; critical thinking and
analysis; interpersonal relations and collaboration;
empathy and change of perspective; communication
and use of media; strategic action; personal involve-
ment; assessment and evaluation; and tolerance for
ambiguity and uncertainty (Lozano et al 2017). These
sustainability competencies extend beyond a tradi-
tional disciplinary education by emphasizing cross-
disciplinary and applied thinking, as well as inter-
and intra-personal perspectives so that sustainability
professionals are better prepared to advance sustain-
able development goals in real-world settings with
multiple tradeoffs (Wiek et al 2011, Brundiers et al
2020).

In addition to research in sustainability higher
education, lessons can also be learned from sci-
ence communication training because communic-
ation skills are a fundamental component of pro-
ducing engaged science (Lang et al 2012). Rapley
et al (2014) build on Pielke’s (2007) ‘honest broker’
concept to suggest that in order for climate sci-
entists to foster dialogue with non-scientists, they
need communication skills that support multi-way
communication and a deeper understanding of the
different forms of reasoning. Acquiring these skills

requires that scientists value and recognize other
forms of knowledge; doing so can help them foster
public discourse, build trust and support non-
scientist participation in the climate science process
(Rapley et al 2014). Despite recognition of these
learning goals for science communication, a review
of science communication education efforts shows
that most training programs emphasize the one-
way communication of translating science content
to different audiences (Baram-Tsabari and Lewen-
stein 2017). While this is indeed a skill needed to
engage with societal partners, it falls short of the
two-way communication skills one also needs. When
science communication training does include skills
needed for comprehensive public engagement activ-
ities, scientists are unsurprisingly better equipped to
interact with non-scientists in more meaningful ways
(Stylinksi et al 2018). Effective multi-way and fre-
quent communication is regularly pointed to as key
to developing engaged science (Lang et al 2012, Pohl
2017) and appropriate science communication edu-
cation can help scientists develop those skills. For
example, training can be developed to help scient-
ists learn how to foster relationships with decision-
makers and stakeholders to build trust and engage
in joint decision-making around research framing,
methodology, data collection and analysis (Lang et al
2012, Leshner 2018).

Many of the competencies and skills identified in
the sustainability education and science communica-
tion literature are interdependent (Wiek et al 2011,
Rapley et al 2014, Vare et al 2019; Roy et al 2020,
Brundiers et al 2020). For example, several research-
ers suggest that developing intrapersonal compet-
encies (i.e. self-awareness of one’s values, position,
and assumptions) is central to developing the other
competencies and skills needed to be an engaged
scientist (Dlouhá et al 2019, Brundiers et al 2020).
This observation is also reflected in the literat-
ure on conducting engaged science, in which many
argue that scientists need to be capable of self-
reflexivity (Pohl et al 2017), or the ability to con-
tinually reflect on their epistemic values and position
in the world while remaining open and responsive
to diverse community perspectives (Wals and Jick-
ling 2002, Segalas et al 2010, Sprain and Timpson
2012, Reid 2020). The ability to self-reflect is con-
sidered key to scientists’ ability to respect and value
other knowledge systems and recognize that science
is only one source of information within a complex
decision arena (Wals and Jickling 2002, Segalas et al
2010, Sprain and Timpson 2012, Rapley et al 2014,
Reid 2020).

The literature on core competencies for sustain-
ability is linked to the development and implementa-
tion of sustainability and interdisciplinary education
programs around the world (e.g. Vare et al 2019, Loz-
ano et al 2019, Brundiers et al 2020, Redman et al
2020). The experiences of these different programs
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Table 1. Literature on sustainability higher education and science communication education offer skills and pedagogical approaches for
training students to work in non-academic settings, which can be applied to training engaged scientists.

Summary of training components that can help produce societally engaged scientists

Core Competencies • Systems, anticipatory, values, strategic, normative, and interpersonal aptitudes (Wiek et al
2011; National Research Council 2015).

• Intrapersonal and implementation (Brundiers et al 2020)
• Systems thinking; interdisciplinary work; anticipatory thinking; justice, responsibility and
ethics; critical thinking and analysis; interpersonal relations and collaboration; empathy and
change of perspective; communication and use of media; strategic action; personal involve-
ment; assessment and evaluation; and tolerance for ambiguity and uncertainty (Lozano et al
2017)

Pedagogical Practices • Constructivist pedagogy (Biggs 1996)
• Experiential learning and critical self-reflection (Wals and Jickling 2002; Sprain and Timpson
2012; Lozano et al 2019)

• Project-based learning and case studies (Wals and Jickling 2002; Sprain and Timpson 2012)

Skills Development • Science communication training that emphasizes multi-way communication (Rapley et al
2014)

• Self-reflexivity (Dlouhá et al 2019; Brundiers et al 2020)
• Relationship building and joint project management (Lang et al 2012; Leshner 2018)

demonstrate pedagogical practices that have been
used to help scientists develop the competencies, skills
and self-reflection needed to produce engaged science
(Wals and Jickling 2002, Brundiers et al 2010, Sprain
and Timpson 2012, Díaz et al 2018, Lozano et al
2019). This literature recognizes that these competen-
cies cannot be adequately developed in a traditional
education approach of sharing facts and knowledge
in a one-way process with learners, but instead the
learnermust engagewith thematerial in a deeper con-
text and in relation to the knowledge and experiences
they already bring to learning (Biggs 1996, Wals and
Jickling 2002, Sprain and Timpson 2012, Rapley et al
2014, Lozano et al 2017, 2019). This follows along a
constructivist pedagogy with an emphasis on experi-
ential learning and critical self-reflection, as a mech-
anism to transform traditionalmentalmodels used by
Western scientists to think about and solve problems
(Wals and Jickling 2002, Sprain and Timpson 2012,
Lozano et al 2019). Pedagogical practices rooted in
constructivist tradition center on the notion that stu-
dents learn best when they are given the opportun-
ity to integrate new knowledge into what they already
know (Biggs 1996).

Project-based learning and case studies are
two recognized approaches for aiding learners to
develop many of the sustainability core competen-
cies (Brundiers et al 2010; Beard and Wilson 2002,
Lozano et al 2017, 2019). In these instances, students
engage in projects that expose them to the kinds of
skills engaged scientists need. These approaches allow
learners to interpret and apply new information with
their own knowledge and experiences (Wals and Jick-
ling 2002, Sprain and Timpson 2012). This has been
shown to result in students’ broader recognition of

the importance of integrating diverse community
perspectives into research (Díaz et al 2018, Lesh-
ner 2018). Designing curriculum around project-
based learning has also been linked to increased
student comprehension and increasingly nuanced
understanding of the political processes surround-
ing environmental issues and the role of science in
decision-making (Denham et al 2020).

While many of the competencies and pedago-
gical practices from the sustainability education
and science communication curriculum have been
implemented in specialized interdisciplinary and
sustainability graduate programs, such approaches
remain rare in disciplinary science training programs.
Though some may emphasize aspects of this training
(e.g. one-way communication techniques for science
dissemination), most disciplinary programs continue
to be limited in supporting training that fosters the
competencies needed for producing societally rel-
evant science (Rapley and De Meyer 2014, Baram-
Tsabari and Lewenstein 2017). Part of the challenge is
that obtaining disciplinary training is by itself a huge
undertaking and space has, traditionally, not been
made in the curriculum for developing these skills,
creating a feedback loop wherein today’s disciplin-
ary scholars may not be equipped to teach the neces-
sary skills associated with engaged science practices
(Brundiers et al 2010; Yarime et al 2012, Denham et al
2020). Further, scientists have even fewer options for
training and support to learn how to do engaged sci-
ence once they have completed their graduate work
and enter academic careers, which often reinforce
attitudes and behaviors that work against developing
engaged scientists (Lyall and Meagher 2012, Casson
et al 2018).
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3. Institutional resistance to producing
societally engaged scientists

Institutional structures in academia can severely
restrict the growth and development of engaged sci-
entists at early and more advanced career stages
(Shanley and López 2009, Cvitanovic et al 2019).
Much of the academic inertia surrounding the devel-
opment of engaged scientists has historical roots
in the traditions and frameworks that dictate how
research is done and what is considered high-quality
research. Some traditional academic structures act-
ively work against efforts to make research more rel-
evant to and usable by non-academics (i.e. policy
makers, practitioners or members of the public)
(Neylon 2019). For example, despite the fact that
most modern environmental problems are known
to require transdisciplinary solutions, academia has
been slow to change its structure to allow or encour-
age teaching and degrees to cross disciplinary bound-
aries (Klein 1990, Lach 2014). Further, promotion
processes continue to favor peer-reviewed papers
within disciplinary boundaries as opposed to mul-
tidisciplinary publications or products designed for
societal partners (Adler 2009, Hicks 2015, Alvesson
et al 2017), although this is beginning to change (Abel
and Williams 2019, National Academy of Sciences
2020). The time demands required to do engaged
science are often interpreted as inconsistent with
the need to accumulate publications and citations
at a rapid rate. Further, external research funding,
another key academic performance measure, tends to
be more available for disciplinary proposals (Brom-
ham et al 2016) relative to funding for applied
research (Arlinghaus 2014). Such barriers to particip-
ating in engaged science can limit academic contri-
butions to solving environmental problems and may
ultimately harm the academic enterprise as more and
more countries turn evaluation of research funding
programs toward the societal impacts of government-
funded research, leaving researchers who are not
adept at working with societal partners behind the
innovation and funding curves7.

These and other institutional processes shape the
development of a scientist throughout their career,
and in this case limit professional growth and skills
in the direction needed to produce engaged science
(Shanley and López 2009, Cvitanovic et al 2019).
Despite notable advancements in graduate train-
ing programs to encourage interdisciplinary train-
ing as described above, the instinct within academia
remains to train students to be disciplinary spe-
cialists so they can succeed using current metrics

7For examples of other countries integrating societal impacts
into evaluation of government-funded research programs see
United Kingdom www.ref.acuk/, Europe www.knaw.nl/nl/
actueel/publicaties/standard-evaluation-protocol-2015-2021, and
Australia www.arc.gov.au/excellence-research-australia.

(Leshner 2018). Efforts to prepare the scientific com-
munity to successfully conduct engaged science must
consider the ways in which different career stages
interact with each other and these institutional pro-
cesses.

4. Efforts to support societally engaged
science training and career development

As university-based researchers who work with
diverse societal partners to produce decision-relevant
and engaged climate science, we view an important
part of our role as expanding current institutional
capacities within the academy to produce engaged sci-
entists. Below we describe our efforts at the Climate
Impacts Group (CIG) at the University of Wash-
ington and the Climate Assessment for Southwest
(CLIMAS) program at the University of Arizona to
innovate within academic training and career devel-
opment, at four different career stages, to illustrate
how this training can be done despite the constraints
and disincentives described above. The majority of
our efforts have been with graduate students, due to
the nature of our programmatic funding. However,
we also describe our activities aimed at three other
career stages (early career, mid-career, and senior sci-
entists) because we recognize 1) the influence of later
career scientists on graduate students or other early
career researchers through their roles as instructors,
advisors, and mentors, and 2) we do not believe we
have time to wait for the necessary transformations
in science until today’s graduate students control ten-
ure, funding opportunities and editorial decisions in
journals. We also touch on efforts to engage univer-
sity administration in this work for the same reasons.
We need to move as many current scientists toward
this engaged model as quickly as possible.

4.1. Graduate students
Graduate fellowship programs and seminars can help
early career scientists develop the skills, knowledge
and experiences needed to have a career as an engaged
scientist. Graduate education plays a significant role
in shaping scientific careers, making it pivotal to
develop skills training and opportunities at this career
stage (Wiek et al 2011, Leshner 2018). The CIG
and CLIMAS have fellowship programs that provide
funding and training for graduate students in engaged
research. Both organizations also host seminars to
reach a broader group of students. These seminars
emphasize theories, best practices and case examples
of producing societally engaged science.

4.1.1. Fellowship programs.
Our two fellowship programs provide students with
funding and support to develop and carry out
engaged research projects, giving students the oppor-
tunity to connect their knowledge and experiences
from their disciplinary field to a new approach of
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working with non-academic partners. The goal for
both fellowship programs is for students to develop
their own relationships with societal partners, prac-
tice methods of engagement with those partners, and
learn effective ways to communicate their research
with audiences outside of academia. The students
carry out a research project with their societal part-
ners and reflect on their experience along the way.

Since 2014, CLIMAS has funded 27 gradu-
ate fellows through the Environment and Society
Fellowship program, including students from nat-
ural, physical and social science departments at the
University of Arizona. The students’ projects must
address research and information needs voiced by
their societal partners. One fellowship project, for
example, dealt with community concerns about the
health impacts of untreated wastewater overflows
on students and teachers at a nearby elementary
school. This fellow developed a soil sampling pro-
cedure with school administrators that incorporated
students, parents, and teachers as active participants.
Another student’s project responded to a Tribal com-
mission’s request for historical information about a
long-standing water conflict in California, which res-
ulted in a digital database of historical documents,
an online timeline of federal agency action on Tribal
land, and educational materials for local schools and
Tribal programs.

As university host for the Northwest Climate
Adaptation Science Center (NW CASC), the CIG has
supported 32 NW CASC research fellows across six
consortium universities from a variety of science dis-
ciplines. These fellows are selected based on proposed
research projects that demonstrate decision-relevant
climate adaptation science that will be produced
in collaboration with societal partners (e.g. Federal,
state, Tribal and non-governmental organization),
covering topics including endangered species, forest
ecosystems and aquatic systems. One NW CASC fel-
low, for example, worked with a Tribal community
to create and implement a fish-consumption survey
to understand climate impacts on traditional foods.
Another fellowworkedwith theNational Park Service
to test different monitoring strategies for wolverines,
an endangered and climate-sensitive species.

In both programs, fellows receive training on vari-
ous aspects of societally engaged science, such as pro-
ject design and methods for engaging partners in
the research process; writing for and presenting to
non-academic audiences; dealing with interpersonal
conflict; or how to develop a professional network
that includes non-academic partners. As part of this
training, fellows participate in cross-cohort discus-
sions of relevant topics with CLIMAS and CIG staff
and faculty who have expertise in engaged research
approaches, which helps students problem-solve. For
example, one NW CASC fellow, whose proposed
research was to collaborate with water district staff
to assess the impacts of climate change, urbanization

and other water uses on streamflow, faced apparent
resistance to streamflow data collection and sharing
from their non-academic partner. CIG staff coached
the fellow to use their upcoming partner meeting
as an opportunity to learn more about their part-
ners’ professional priorities and to identify manage-
ment questions that could be informed by the stream-
flow project or other analyses, rather than focusing
discussion on the fellow’s academic research ques-
tions. In their subsequent meeting, the fellow learned
about the group’s key research questions andwas even
able to find additional funding to support the ana-
lysis necessary to respond to that request. This fel-
low shared their learning experience with the other
fellows, and shared the data sharing agreement docu-
ment for others to review and adapt as a template for
other projects.

The fellows’ experiences have helped them
develop and apply skills and knowledge they would
not have gained in their disciplinary training. Surveys
between 2014 and 2019 revealed that CLIMAS fellows
gained direct experience in building and maintaining
relationships with their societal partners and shifting
research design, methods, timing and outputs as the
project developed based on shifts in their partners’
needs. As one fellow stated, ‘Determining the needs
of stakeholders and decision-makers can be chal-
lenging, and gaining insight into stakeholder needs
requires multiple iterations andmicro adjustments to
the research and the conversation.’ Another student
said she learned that ‘Engaging with stakeholders
takes time, a good amount of luck, and develop-
ment of trust.’ Many students also stated that they
learned to appreciate and incorporate multiple types
of expertise and knowledge. ‘Science is only one tool
in the toolbox. To be an effective actor in society,
scientists have to accept this,’ one fellowship student
said.

NW CASC fellows have had similar responses
over the three years of that program, where students
entering the program tended to stress the importance
of ‘unbiased science’ for environmental management
and policy in their pre surveys, but not in exit sur-
veys. In reflecting on their fellowship in their final
report, one fellow shared, ‘I do feel that the develop-
ment of skills learned from this fellowship has helped
me to become a better and more thoughtful scient-
ist, with a larger toolbox to work with and support
natural resource managers faced with the complex
challenges of climate change.’ This student and oth-
ers stressed the value in practicing communication
skills and learning different approaches and strategies
to navigate challenges from people who have experi-
ence doing this work.

The fellowship experiences may also change the
way students think about their disciplinary training.
A geoscience graduate student constructed her CLI-
MAS fellowship project around developing guidance
on sustainable sampling of cave formations such as
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stalagmites, informed by people who use caves for
recreational, educational, and cultural purposes. Cave
formations are natural archives of paleoclimate data
going back hundreds of thousands of years, but they
are slow-growing, so scientists must take care to con-
serve cave structures while collecting data. Through
her project, this student realized how much she val-
ued working with societal partners, but had been
discouraged from adding this component to her dis-
sertation research. She reflected that as a student ‘in
a purely science field, I became increasingly annoyed
at the advice given to scientists these days–wait until
tenure to do stakeholder engagement work. Receiving
the fellowship gave me enough of a push to recognize
it is OK to start early with this kind of work. I only
wish I had started even earlier and thenmy entire PhD
could have been in the fun space between science and
society.’

4.1.2. Graduate seminars.
In addition to the fellowship programs, both the
CIG and CLIMAS have seminars that help students
develop competencies needed to become a societally
engaged scientist. The CLIMAS seminar was created
in 2009 and has attracted over one hundred PhD,
masters, and non-degree seeking students since its
inception. The CIG seminar started in 2018 and has
had over fifty students. Both seminars attract stu-
dents from a variety of biophysical and social sci-
ence disciplines as well as non-science programs like
law, policy and history. The disciplinary diversity
among the students is a hallmark of both courses. The
seminars share common goals: to broaden the stu-
dents’ perspectives on the role of science in society
and the value of recognizing and integrating multiple
forms of knowledge into the creation of science and
policy. The seminar content and discussions emphas-
ize intrapersonal, values, ethics and other competen-
cies related to working on environmental challenges
and are often considered central to conducting soci-
etally engaged research. Students participate in class
discussion to ground the theoretical readings on the
role of science in society in their work and experi-
ences. They also participate in different role-playing
activities to learn about different ways to collaborate
with non-academic communities and hear from dif-
ferent guest experts including non-profit, academic,
governmental and Tribal organizations, who provide
case examples of societally engaged research from
multiple perspectives.

We have observed two main changes among stu-
dents who participate in our seminars. First, their
understanding of the role of science in decision-
making appears to deepen and, second, their interest
in pursuing a career that allows them to participate
in engaged science seems to increase. For example,
pre-course surveys of students in the CIG seminar
revealed students’ viewof science as unbiased and that

it should inform decision making. The vast major-
ity of the responses to the question ‘How do you
think science should inform decision-making and/or
policy?’ considered the scientific process as occur-
ring external to policy processes and devoid of val-
ues, politics and local contexts. We asked them this
same question following the course and the vast
majority of the responses included a conception of
collaboration among scientists, decision-makers and
stakeholders in the co-creation of science. One stu-
dent, who identifies as a physical or natural scientist
shared,

‘Before the class, I would have said
the science should come first and
the decisions should come after. Now
that i have taken this course, I would
say that in order for science to be
most impactful for policy, the research
question and design truly need to be
a collaborative effort between scient-
ists, policy makers, and other stake-
holders.’

Many students in the CLIMAS seminar find the
theoretical and practical insights offered in the course
useful and applicable to their work going forward.
Some, though, have found the course eye-opening
in terms of the challenges associated with engaged
research, like one student who noted, ‘I was overly
optimistic about implementing this kind of work into
my own research, and that it takes more time to do
that I have at my disposal (right now).’ A course like
this can be helpful in revealing both the challenges
and opportunities in engaged science, an important
factor in bringing about institutional change in aca-
demia since these realities are rarely an element of
traditional graduate science education. CIG students
shared the importance of learning about challenges
and opportunities associated with engaged research
through the class discussionswith invited expertswho
have experience doing engaged science. This was con-
nected to several students reporting that, after the
course, they were interested in having a similar career
as several of those experts who shared their experi-
ences. Reflecting back on the course, a student who
identifies as a physical or natural scientist shared,

‘This seminar broadened my per-
spective in collaborative work and
provided me with more tangible skills
to approach transboundary research.
It challenged me to think hard about
my work as a scientist and inspiredme
to move forward in my career toward
applied research that has meaning
beyond scientific inquiry.’

7
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4.2. Later career stages
In our efforts to introduce more researchers to
engaged science approaches, CIG and CLIMAS both
seek out postdocs and early career faculty who are
interested in and show potential in doing engaged sci-
ence. The CIG and CLIMAS work to involve these
researchers in proposal development, project work
and other activities to help them gain experience and
skills in conducting and teaching engaged research.
Providing opportunities for early career scientists to
do engaged science allows them to develop relation-
ships with societal partners and produce actionable
science outputs for different audiences (e.g. tools
and reports). The NW CASC, for example, funds
an Actionable Science Postdoctoral Fellow (one of
the authors of this paper), whose position includes
facilitating cross-sector dialogue with researchers and
practitioners to identify the state of the knowledge
and research needs around an emerging climate risk,
such as how to manage vegetation changes follow-
ing fires under climate change. This activity positions
the postdoc to develop relationships with resource
managers and stakeholders while building experience
fostering multiway communication and producing
reports for non-academic audiences.

Because mid- and late-career scientists are often
responsible for training students and early-career sci-
entists and setting the direction for much of the
research that takes place in academia we have con-
sciously worked to engage them in our efforts. One
approach we have taken is to engage our gradu-
ate fellows’ advisors. The CIG has started to do this
through a welcome call in which NW CASC fellows’
advisors learn how we approach societally engaged
research and the mechanisms we use to train their
students. Another approach has been to include fac-
ulty in the large grants that fund both centers, which
can be an attractive proposition, particularly for those
seeking support for graduate students. This helps
us engage with both senior scientists and students
simultaneously. For example, the CIG’s NW CASC
program has a University Leadership Team com-
posed of early- to late-career scientists to provide
opportunities and support for career advancement
in this space by helping set the direction for edu-
cation, training and capacity-building on engaged
science.

We have had positive experiences whenmore late-
career scientists have been given the time, space and
resources to explore engaged science work them-
selves. We have noted sustained changes in attitudes
about and understanding of engaged science among
our research teams. For example, CLIMAS has insti-
tuted formal program review processes that help
identify the program’s impacts and provide oppor-
tunities for learning and reflection to its mid- and
late-career research team (Owen et al 2019). Indi-
vidual researcher interviews that encourage reflection
upon the research processes, accomplishments and

impacts have yielded thoughtful discussions about
how the lessons they learned from previous projects
will inform their current or future research. TheCIG’s
NW CASC program is newer and will be undertak-
ing more rigorous evaluation in the coming years.
However, early observations point to actions on the
part of University Leadership Team members as well
as advisors of NW CASC research fellows that sup-
port engaged science at their institutions. One of
the mid-career researchers involved, for example, has
been working with CIG and NW CASC leadership to
identify ways to develop engaged science research and
training at their university.

We recognize more work needs to be done to sup-
port scientists at different career stages, which could
include mentoring programs, training opportunities,
facilitating introductions with non-academic part-
ners and other types of support. As our interventions
at these career stages continue, we expect to see faculty
becomemore successful in receiving external funding
from programs that emphasize societal impacts and
to see broader participation in university engagement
efforts like Carnegie Community Engagement Clas-
sification or The Times Higher Education impacts
rankings8.

4.3. Departmental and university leadership
Intervention at the level of departmental and uni-
versity leadership is also crucial to address institu-
tional and cultural barriers to developing and train-
ing engaged scientists (Wiek et al 2011, Cvitanovic
et al 2019). Both CIG and CLIMAS make efforts to
use our roles as large, federally funded science centers
to demonstrate to university leaders what successful,
engaged science can bring to our universities in terms
of high-quality research and strong community part-
nerships.We aspire to promote further change in uni-
versity culture by documenting the societal impacts
of research as well as ways to tie such impacts to per-
formance reviews and promotion and tenure evalu-
ations; this would help develop a pathway for aca-
demic career advancement to researchers who choose
to focus on engaged research projects (Association of
Public and Land-Grant Universities 2019, Abel and
Williams 2019). We also hope to see upper adminis-
tration provide professional development opportun-
ities and promote the work accomplished by soci-
etally engaged facultymembers, as recommended in a
recent report by the Association of Public and Land-
Grant Universities (Association of Public and Land-
Grant Universities 2019).

We see evidence of some of these changes already.
For example University of Washington’s College of

8For more information about the Carnegie Community Engage-
ment Classification see: www.brown.edu/swearer/carnegie and for
The Times Higher Education impacts rankings see: www.times
highereducation.com/rankings/impact/2020/overall#!/page/1/len
gth/25/sort_by/rank/sort_order/asc/cols/undefined.
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Figure 1. Example interventions for transforming the ways scientists are developed, supported and trained to have the skills and
ambition to engage in societally relevant research. Interventions encompass funding, training and fostering a community of
practice around engaged science across all career stages. Each of these activities supports the attitudinal, behavioral and cultural
changes needed for the transformational change in the scientific enterprise required to support society in meeting its climate
change and sustainability goals.

the Environment (home of CIG) includes a robust
statement about the role of engagement outcomes in
promotion and tenure reviews that recognize the time
commitment of external engagement and suggest fac-
ulty candidates include testimonials from societal
research partners for tenure review (UW-COE 2020).
The University of Arizona, home to CLIMAS, has
recently opened an Office of Societal Impact with the
mission to help ‘researchers identify benefits, stake-
holders and impacts on the larger world’ (Makansi
2020).While wemay not be able to claim direct influ-
ence on these organizational changes, we see them as
key indicators that those at the highest levels of aca-
demic leadership at our institutions are recognizing
the importance of engaged research as key to their
missions.

5. Proposed framework for transforming
science training in the academy

Our experiences training students to conduct soci-
etally relevant research align with many of the lessons
learned from research on sustainability education
(summarized in table 1). We agree with the need
to cultivate innovative ways of fostering interactive,
immersive and real-world learning in science train-
ing (Steinemann 2003, Rowe 2007, Sipos et al 2008,
Duckworth et al 2017, Chang et al 2020; Denham
et al 2020) in ways that promote diversity and equity

(Dutt 2020). Project-based learning opportunities,
like those offered through the CLIMAS and CIG
fellowship programs, can help students unpack the
complex systems, values and normative assumptions
that permeate their projectswhile developing the stra-
tegic skills and interpersonal aptitudes required for
engaged science (Wiek et al 2011, National Research
Council 2015). We also see that scientists are more
able to conduct societally relevant research when they
have experience reflecting and integrating multiple
perspectives into their science (Brundiers et al 2010,
Pohl et al 2017). While we are beginning to see evid-
ence that our fellowship programs are helping stu-
dents develop many of these skills, we recognize the
importance of developing them at all academic career
levels.

To transform science training in the academy,
we propose deliberate approaches that address fund-
ing, training and building a supportive community
of practice at each career stage (figure 1). We see
the importance of providing funding opportunities
to students and postdoctoral researchers that require
partnering with societal actors, coupled with sim-
ilar incentives at later career stages that allow sci-
entists to continue along this career path. We also
see the need for training alongside those fund-
ing incentives, to support scientists in develop-
ing collaborative science skills through experien-
tial learning and self-reflection. Such learning could
be supported by training programs, webinars and
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mentorship opportunities for scientists across career
stages. The importance of relationship building in
engaged science requires support for scientists in
developing a community of practice that extends bey-
ond the university setting. This can be facilitated
by creating opportunities for formal and informal
interactions with both other researchers and societal
actors through seminars, working groups and other
mechanisms. Applying this system of interventions
across an entire academic career; could assist in rap-
idly building the capacity of the academy to produce
societally engaged science. A crucial component in
understanding whether we are successful in creating
a new kind of scientist is the perspectives of our
societal partners regarding whether their needs for
information and collaboration are being met (Mach
et al 2020). While we were not able to systematically
include our societal partners in our evaluation efforts
in this round of work, we plan to do so as we launch
our next fellowship cycles with the goal of using part-
ner feedback to refine and strengthen our training
and professional development efforts.

6. Conclusion

There are many transformations that need to take
place to prepare human and ecological communities
for future climate impacts. We have chosen to exam-
ine howwe can train and educate scientists to produce
the societally engaged scientific knowledge required
to inform these transformations. Transforming the
scientific enterprise more broadly first begins with
transforming the way we train and educate scient-
ists. We recommend that disciplinary science train-
ing be expanded to incorporate applied and collabor-
ative research competencies and pedagogies to grow
the community of scientists able to engage effect-
ively with communities and decision-makers. These
interventions cannot stop with students but require a
systems perspective to build the attitudinal, behavi-
oral and cultural transformations needed to develop
a scientific community capable of addressing soci-
ety’s most pressing needs. We therefore recommend
that universities develop funding, training and insti-
tutional support for scientists across career stages to
promote rapid development of the skills and know-
ledge necessary to produce engaged science.

Acknowledgments

The project described in this publication work was
supported by the Northwest Climate Adaptation Sci-
enceCenter (NWCASC) throughCooperativeAgree-
ment G17AC000218 from the United States Geo-
logical Survey (USGS); the National Oceanic and
Atmospheric Administration’s Regional Integrated
Sciences and Assessments (RISA) program through
grant NA17OAR4310288 with the Climate Assess-
ment for the Southwest program at the University

of Arizona; the Office of Research, Innovation, and
Impact at the University of Arizona. Its contents are
solely the responsibility of the authors and do not
necessarily represent the views of the NW CASC or
the USGS. This manuscript is submitted for public-
ation with the understanding that the United States
Government is authorized to reproduce and distrib-
ute reprints for Governmental purposes.

Data availability statement

The data that support the findings of this study are
available upon reasonable request from the authors.

ORCID iD

Mary Ann Rozance https://orcid.org/0000-0002-
8088-906X

References

Abel S and Williams R 2019 The Guide: Documenting, Evaluating
and Recognizing Engaged Scholarship (Lafayette, IN: Purdue
University, Office of Engagement)

Adler N and Harzing A 2009 When knowledge wins: transcending
the sense and nonsense of academic rankings Acad. Manage.
Learn. Educ. 8 72–95

Alvesson M, Gabriel Y and Paulsen R 2017 Return to Meaning: A
Social Science with Something to Say (Oxford: Oxford
University Press)

Arlinghaus R 2014 Are current research evaluation metrics
causing a tragedy of the scientific commons and the
extinction of university-based fisheries programs? Fisheries
39 212–5

Association of Public and Land-Grant Universities 2019 Public
Impact Research: Engaged Universities Making The Difference
(Washington, DC: Association of Public and Land-Grant
Universities)

Baram-Tsabari A and Lewenstein B 2017 Science communication
training: what are we trying to teach? Int. J. Sci. Educ. B
7 285–300

Beard C and Wilson J P 2002 The Power of Experiential Learning:
A Handbook for Trainers and Educators Stylus Publishing,
Herndon, VA

Biggs J 1996 Enhancing teaching through constructive alignment
Higher Educ. 32 347–64

Bocking S 2004 Nature’s Experts: Science, Politics, and the
Environment (Rutgers University Press)

Bromham L, Dinnage R and Hua X 2016 Interdisciplinary
research has consistently lower funding success Nature
534 684

Brondizio E S and Le Tourneau F M 2016 Environmental
governance for all Science 352 1272–3

Brundiers K et al 2020 Key competencies in sustainability in
higher education—toward an agreed-upon reference
framework Sustain. Sci. 1–17

Brundiers K, Wiek A and Redman C 2010 Real-world learning
opportunities in sustainability: from classroom into the real
world Int. J. Sustain. High Educ. 11 308–24

Cartwright N 1999 The Dappled World: A Study of the Boundaries
of Science (Cambridge: Cambridge University Press)

Cash D, Clark W C, Alcock F, Dickson N M, Eckley N, Guston D
H, Jäger J and Mitchell R 2003 Knowledge systems for
sustainable development PNAS 100 8086–91

Casson N, Whitfield C, Baulch H, Mills S, North R and
Venkiteswaran J 2018 A model for training undergraduate
students in collaborative science FACETS 3 818–29

Chang H, Granek E, Ervin D, Yeakley A, Dujon V and Shandas V
2020 A community-engaged approach to transdisciplinary

10

https://orcid.org/0000-0002-8088-906X
https://orcid.org/0000-0002-8088-906X
https://orcid.org/0000-0002-8088-906X
https://doi.org/10.5465/amle.2009.37012181
https://doi.org/10.5465/amle.2009.37012181
https://doi.org/10.1080/03632415.2014.903837
https://doi.org/10.1080/03632415.2014.903837
https://doi.org/10.1080/21548455.2017.1303756
https://doi.org/10.1080/21548455.2017.1303756
https://doi.org/10.1038/nature18315
https://doi.org/10.1038/nature18315
https://doi.org/10.1108/14676371011077540
https://doi.org/10.1108/14676371011077540
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1073/pnas.1231332100


Environ. Res. Lett. 15 (2020) 125008 M A Rozance et al

doctoral training in urban ecosystem services Sustain. Sci.
15 1–17

Cvitanovic C, Howden M, Colvin R, Norström A, Meadow A and
Addison P 2019 Maximising the benefits of participatory
climate adaptation research by understanding and managing
the associated challenges and risks Environ. Sci. Policy
94 20–31

David-Chavez D M and Gavin M 2018 A global assessment of
Indigenous community engagement in climate research
Environ. Res. Lett. 13 123005

Denham D, Rozance M, Malone M and Goodling E 2020
Sustaining future environmental educators: building critical
interdisciplinary teaching capacity among graduate students
J. Environ. Stud. Sci. 1–14

Díaz S et al 2018 Assessing nature’s contributions to people
Science 359 270–2
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