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Abstract: Citizen science holds the potential and capacity to change the role of science in the face of
current and impending environmental sustainability challenges. However, the sustainability science
community must also address the ethical challenges inherent in the nature and outcomes of citizen
participation and inclusion. In this article, we provide a brief history of Participatory Action Research
(PAR), long popular in the social sciences, and explain how participatory methods can inform the
process and products of citizen science to meet the dueling ideals of ethically engaging communities
and producing more robust science. Our decade of human-environment research on drought resilience
and adaptation in the Southern High Plains of the United States illustrates how PAR complements
formal science and can contribute to community resilience and adaptation efforts. Synthesized into
10 entry points for more ethical and participatory science, our semi-chronological narrative offers
concrete strategies informed by PAR principles and values, at various stages of research, and highlights
the place-based, ethical, and methodological contexts for applying each strategy.

Keywords: citizen science; drought; grasslands; Ogallala Aquifer; participatory methods; research
ethics; social and environmental justice; socioecological resilience; Southern High Plains; USA

1. Introduction

The incorporation of everyday people into the scientific process, or “citizen science,”
was first proposed by sociologist Alan Irwin in 1995. Irwin [1] pressed for the democ-
ratization of science, for people, by people, and for the common good. Irwin’s “citizen
science” promised to benefit everyday citizens via addressing social and environmental
justice and sustainability issues. At the same time, it would also benefit science, which
was in the midst of a paradigmatic and existential crisis, having been taken to task for
its often elite and exclusive status [2]. Citizen science has grown rapidly over the last
decade with the creation of both the Citizen Science Association (CSA) in the United States
and the European Citizen Science Association (ECSA). In the United States, the growth
of citizen science was responsible in large part by work through the Cornell Ornithology
Lab [3]. In general, the bulk of recent citizen science looks and sounds different from Irwin’s
initial conceptualization of citizen science, which was grounded in the social sciences. In
particular, the theory and tool kit rapidly expanded in the natural sciences [4].

Citizen science is diverse, unruly, and symbolizes many different things to different
people [5]. Since a large part of citizen science is produced within the natural sciences,
it is often seen as an investment in future scientists by supporting STEM education [6].
For others, education via citizen science is an emancipatory act, or a means to address
social justice concerns and inclusiveness, as science performed for and by people. For some
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researchers and politicians, citizen science is a way to make science and research more
directly relatable to taxpayers, funders, and everyday people [7]. It is also a means to get
more out of our research, as citizen scientists can be low- or no-cost helpers. Theobald and
colleagues [8] estimate that citizen scientists contribute ~$2.5 billion annually in no-cost
labor. Theoretically, it makes communities of researchers and everyday citizens able to
conduct more research for lower costs, thus giving us the ability to solve more of the wicked
problems facing society [9].

Since the early 2010s, citizen science has grown rapidly, veering greatly from Irwin’s
1995 [1] initial manifestation. Recently, there has been a rapid growth in associations, jour-
nals, academic programs, certificates, and crowdsourcing sites such as SciStarter. Funding
has also increased, with most government agencies now promoting citizen science-related
programs and opportunities. Future Earth [10], an international research program for global
sustainability, calls for transdisciplinary research and the coproduction of knowledge via
“extreme citizen science” (www.futureearth.org, accessed on 30 June 2021). Future Earth is
heavily co-funded by over 70 countries, including the US and others. Given the win-win
scenario for science and people, the possibilities for citizen science are seemingly endless.
The UNESCO Science Commission recently adopted an Open Science Recommendation
for global policy and regulatory agendas [11]. Here, citizen science is conceptualized as a
process of Open Science that might strive to collect, aggregate, and share data in ways that
advances social and environmental resilience. The model of elevating individuals beyond
volunteering to engaged participation is proposed to democratize science by involving the
public [12].

The inherently technology-driven and data-driven relationship between citizen science
and open science raises many unresolved questions regarding accessibility, transparency,
and transdisciplinarity [13]. New and emerging geographic and geospatial technologies
continue to play a significant role in expanding the processes and practices of citizen
science, such as digital automation, metadata, mobile applications, machine learning, and
artificial intelligence. The prevalence of mobile devices, remote sensing, wireless sensor
networks, and other types of technologies has created an immense amount of volunteered
geographical data [14], while raising significant issues of privacy, security, and ethics,
which need to be addressed [15]. Despite the promise of emerging technologies for real
time and big data, it is prudent to slow down and examine processes that might generate
new injustices or exacerbate patterns of exclusion or invisibility [16]. Citizen science also
needs to distinguish the process of open participation from the products of research that
act independently as instruments of social, cultural, and political power. For this reason,
researchers should involve participants in deciding how data is shared and with whom it
is shared [17].

While approaches for volunteer involvement in citizen science vary widely (see [18]),
citizen science has been broadly questioned by scientists regarding the efficacy of the
research, mainly due to the potential for sampling biases and/or data collection errors [19].
Conversely, some researchers have raised concerns regarding the fairly traditional top-
down approach of many citizen science projects, which tend to be driven by people who
were trained in traditional science paradigms [20], as well as the extractive nature of the
exchange and the potential for abuse [21]. Other ethical debates have ensued regarding
data privacy, the protection of citizen scientists [22,23], a need for true coproduced research,
and equity and inclusion among various actors [24]. We argue that Participatory Action
Research (PAR), as an older but parallel approach used predominantly in education and
the social sciences, offers a complementary means for addressing some of these ongoing
ethical concerns.

Complementary and Parallel Approaches of Participatory Action Research (PAR)

PAR and related participatory research approaches, in general, share inspiration
from John Dewey’s pragmatic call to participatory democracy and direct action in the
1930s [25,26], along with Kurt Lewin’s [27] arguments that everyday people should be more
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involved with relevant decision-making [28]. Paulo Freire’s landmark book [29] Liberation
Theology pressed for human-centered approaches to addressing social issues as core ethical
and educational issues, greatly inspiring the central tenets of PAR. Though springing out
of Latin American Catholicism, liberation theology pressed for on-the-ground action over
religious proselytizing when it came to dealing with society’s most marginalized and
downtrodden. Freire [29] (p. 45) noted contradictions between the oppressor and the
oppressed (e.g., teacher and student, researcher and researched), arguing that liberation
should not be a “gift” given to the oppressed, but rather should be viewed as a “mutual
process” shared in true “solidarity.” PAR has roots embedded in Freire’s philosophy of
ethics/humanization theory. By the 1980s, PAR and related participatory approaches,
which sought to be collaborative, non-paternalistic, and diverse [30], were adopted heavily
by social scientists and expanded globally to address both environmental and social justice
and socioecological resilience concerns. PAR approaches are inclusive, seeking a diversity of
people and stakeholder groups, often throughout the lifecycle of the entire research process.

Building from the foundational teachings of Freire, a PAR approach privileges neither
the researcher nor the researched. Instead, PAR approaches generally take a more bottom-
up approach, seeking equity and inclusion of all participants. PAR approaches also tend
to place value on local cosmologies, seeking to “give voice” to Traditional Environmental
Knowledge (TEK) on a community’s terms [31–34]. Such approaches have been heavily
adapted by practitioners working on the nexus of environment and development [35,36],
common property natural resource governance [37,38], adaptive comanagement in the
face of climate change [39,40], and community health [41], among others. We argue that
Irwin’s [1] original version of citizen science was written in the spirit of PAR. However,
citizen science’s PAR antecedent roots appear to have been largely forgotten, lost in the
process of the institutionalization of citizen science.

PAR approaches, however, are not without their limitations. Smith and colleagues [42]
(p. 414) discuss the inevitable challenges associated with participatory methods, noting
tensions between the ideal of PAR and the reality of PAR, an often tricky process that
they describe as “designing the plane while flying it.” Grant and colleagues [43] (p. 591)
identify primary PAR challenges wrapped around “building relationships, acknowledging,
and sharing power, encouraging participation, making change, and establishing credible
accounts.” Lastly, Harrison [44] notes particular difficulties using PAR methods in combi-
nation with high technology among the lay community. Challenges notwithstanding, we
argue that PAR approaches offer a complementary and much needed way to “humanize re-
search” [45], which is especially important in tandem with the increasing tech savviness of
application-based citizen science approaches and the resultant challenges discussed above.

Here, we offer a semi-chronological narrative of a decade of human-environment
research on drought resilience and adaptation in the High Plains of the United States.
Highlighting strategies from our own project, we discuss ten entry points for incorporating
participatory action research with citizen science approaches for increasing socioecological
resilience. We conclude by discussing the advantages and disadvantages of using a PAR
approach. We argue that, taken together, PAR and citizen science approaches can make
socioecological studies more robust.

2. Background and Methods
Situating PAR within “No Man’s Land”

Our research, a comparative study regarding socioecological resilience and adaptation
to drought in the Southern High Plains, took place in and around the Oklahoma Panhandle,
previously called No Man’s Land, starting with two counties (Cimarron County, OK,
USA, and Union County, NM, USA) and expanding over time in various capacities to the
“Five States Area”: Oklahoma, New Mexico, Colorado, Kansas, and Texas (See Figure 1).
This region is largely agricultural with a long history of recurrent drought (such as the
Dust Bowl of the 1930s) and a complex web of local, regional, state, and federal land and
water policies [46]. Research began in 2008, when the lead author started working in the
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region recording oral histories with Dust Bowl survivors. Inspired by their life stories,
as well as the lead author’s previous PAR related experience in the tropics, the research
team began a National Science Foundation (NSF) funded project (2013) related to drought
adaptation, land-use practices, and governance. Various projects built off of this initial
comparative two-county research project, including a 2018 USDA funded, comparative,
citizen science and participatory project on regional agroecological resilience, as well as
a citizen science precipitation monitoring program (see https://arid.nmsu.edu and also
http://www.spottyrain.org/, accessed on 29 December 2021). The scientific results of this
mixed-method research project have been widely published elsewhere and include research
related to drought perception [47], irrigation and water security [48], household land use
and survivability [49], overgrazing [50], and woody plant encroachment [51], among others.
Here, drawing on over a decade of ethnographic field experience that led to the above
publications, we explore how participatory approaches to research can help serve larger
research project needs, bolstering community trust, while supporting our more recent foray
into citizen science-based research [52]. We weave these fieldwork experiences into 10 entry
points for participatory methods in citizen science.
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With a shared frontier history and similar climates, biophysical environments, agri-
cultural economies, and demographic compositions [50,53], Cimarron County, OK, USA
and Union County, NM, USA make an ideal region for comparative governance research.
Both share a history of recurrent drought, experiencing six major drought events over the
past 120 years, including the Dust Bowl of the 1930s [54] and a recent severe drought that
lasted from approximately 2000 to 2015 [55]. This shared drought history has shaped the
attitudes, perceptions, and outlooks of those who call this region home, especially as they
relate to land and water management.

While the region has a long, storied history of Native American occupancy, Euro-
American settlement of the region dates to approximately the 1870s [56,57]. In the 20th
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century, both Oklahoma and New Mexico emerged as important ranching and crop pro-
ducing regions for the United States [54,58]. While populations of the two counties
steadily decreased after the Dust Bowl, their importance as an agricultural region has
persisted. Today, both are rural, sparsely populated counties with similar population
densities (~0.43 persons/km2 [59]). Culturally, area residents are considered aging, hard-
working and tenacious, predominantly Christian, and conservative, with a healthy distrust
of both government and science.

Biophysically, the counties encompass a transition zone where “the Rocky Mountains
meet the short grass prairie” [60]. A large portion of the study area is underlain by the
High Plains Aquifer System (HPA), with center pivot irrigation use increasing dramatically
starting in the 1980s [48]. Much of the study area is also within the Cimarron River
watershed. These biophysical factors have contributed to the two counties’ rise as an
important agricultural region in the nation. Of an estimated 2.98 million acres of farmland
distributed throughout the two counties, 83% are pastureland and 16% are cropland.
The predominant crops grown in the two counties include wheat, winter wheat, corn,
sorghum, and forage. Cattle and calves are by far the top livestock commodities in the
two counties [61]. However, agricultural operations are regularly impacted by drought,
woody plant encroachment, and other natural hazards which can cause environmental and
economic challenges for farmers and ranchers [51,52].

Cimarron and Union counties are biophysically, demographically, culturally, and
economically similar, but the two counties are subject to differing local, regional, state, and
federal land and water policies. For example, local and regional groundwater policies vary
across the two counties. In Oklahoma, groundwater is regarded as private property and
is governed under prior appropriation, yet subject to reasonable regulation by the local
district’s water resource board [48]. By contrast, groundwater usage in New Mexico is
under the jurisdiction of the state and groundwater permits are issued under the control
of the State Engineer [48]. Similarly, state and federal land policies are highly contested
and differentially influence agricultural producers’ land-use decisions, and consequent
land-cover and vegetation dynamics, processes, and feedbacks, henceforth called land-
use/land-cover change (lulcc) [46,50,62]. Furthermore, at the federal level, producers are
often dependent on agricultural subsidies and incentives, such as voluntary conservation
programs (e.g., the Environmental Quality Incentives Program [EQIP] and the Conservation
Reserve Program [CRP]). These programs and incentives influence land management deci-
sions and, ultimately, land-cover dynamics and water resource use, often with unintended
consequences such as increased water usage [63] and increased land user vulnerability [37].
Commodity subsidies may actually incentivize the cultivation of water-intensive crops
(e.g., corn) in areas once dominated by dryland farming. From 1995 to 2021, corn subsidies
topped more than 65.8 million USD for both counties jointly [64].

Given the dynamic, contested, and differential impacts of policy and climate on
socioecological resilience in the region, our larger research agenda broadly sought to un-
derstand how landowners perceive environmental hazards (such as drought) both past
and present, what actions landowners take to mitigate these hazards, and how these adap-
tations/mitigations impact agriculture and socioecological sustainability throughout the
region. Given the profoundly human nature of this work, our research design implemented
participatory and mixed-method transdisciplinary approaches. Below, we share lessons
from our work in the hope of inspiring a more ethical and engaged vision of citizen science.

3. Results and Discussion
3.1. Ten Entry Points for Participatory Methods in Citizen Science

Without a doubt, contemporary definitions of citizen science are historically contextu-
alized within an evolving theory of coproduction between science and society. Broadly, the
concept of coproductive capacities suggests mechanisms for improving citizen science pro-
cesses and practices through diverse participation and attention to the underlying histories,
contexts, preconceptions, experiences, and relationships between science and society. The
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practical understanding of coproduction demands active facilitation and management of
participatory processes [65,66]. There are decades of research by diverse scholars in commu-
nication, educational sciences, psychology, sociology, political science, anthropology, and
geography in the cooperative processes and decision-making procedures to support the
need for (and limitations of) participation in research and practice regarding sustainability
issues [7,67,68]. Indeed, the continued sharing of lessons concerning what works, what
does not, and how to best support coproductive capacities is “clearly an on-going task” [66]
and the question always remains: what process works in this context [69]?

In this section, we provide 10 entry points for more ethical and participatory ap-
proaches to building coproductive capacity and socioecological resilience within and
outside of citizen science projects [20]. We offer strategies informed by PAR principles and
values, followed by examples from our own research. As a semi-chronological narrative
of various aspects and publications related to our larger overall research project, this sec-
tion illustrates how to incorporate PAR at various stages of research and highlights the
place-based, ethical, and mixed-methodological contexts for applying each strategy. In each
section, we review relevant literature for each approach, along with an account of our own
experiences. While situating the possible entry points for participatory methods in citizen
science within our own core research work and experiences, we hope to illustrate ways that
diverse field and community-based research projects might benefit from such approaches.

3.1.1. Develop Questions and Deliverables with Communities

The participation of communities in shaping the research questions, outcomes, and de-
liverables is a fundamental principle of PAR. However, in contemporary terms, “cocreated”
participatory models for citizen science that include community at all stages of inquiry
are rarely the norm [18,70]. Indeed, participatory methods inherently struggle with limits
to full citizen participation, practical challenges to cooperation among stakeholders, and
a host of ethical issues related to sharing and using data [71]. Still, the lack of alignment
between community priorities and research agendas may limit diverse participation in
citizen science in the United States [72]. Simply put, alignment is achieved by involving
the community at all stages of research and placing scientific knowledge alongside other
ways of knowing [73]. The benefits can also include more robust science.

It is important to value local knowledge, historical accounts, and participant observa-
tions in addition to research data [74]. In the case of our project, the opportunity to talk
with members of the community in advance of the research study produced a better set
of research questions, based on land managers’ real-time observations related to drought.
In 2008, the project leader conducted an initial (small n) set of oral histories with the Ok-
lahoma State University Library Oral History Project that set the context for the larger
project described above. These initial oral histories were focused on the 1930s drought,
while current drought was clearly impacting the community. This opportunity and these
discussions provided the initial observations regarding short- and long-term resilience,
land use, governance, and drought impacts. Our initial research questions ultimately arose
from those rich discussions on community wants and needs. Before applying for funding,
the principal investigators participated in multiple community meetings in a variety of
informal venues (senior lunches, community events, etc.) to develop, adjust, and hone in
on the project’s ultimate research questions.

At the beginning of the project, we invited community members to help delineate
local issues, perspectives, and perceptions related to socioecological resilience. These
preliminary forms of engagement help to build trust and mediate insider–outsider tensions,
while tapping into local knowledge via researcher–community partnerships. Discussing
community issues related to drought while focusing on tangible community needs (i.e.,
deliverables) helped us to develop our research questions, while paying close attention to
the “so what?” question that is key to community buy-in. Considering the community’s
desired deliverables upfront helped structure the research from the start, while helping to
illustrate how science can serve communities in large and small ways.
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A similar intention guided our adaptive comanagement meetings at the end of the
project, described later, where we shared project deliverables and led adaptive comanage-
ment meetings to ground-truth and coproduce our research results and assumptions. The
question of future community action based on any new scientific knowledge and result-
ing deliverables is in many ways ultimately outside our hands as researchers. However,
participants in the final meetings reported the high value of and need for more dialogue
and knowledge-sharing between community members themselves [20]. The opportunity
to share data provides more than social capital and ethical currency for researchers; it
can also help everyday people better understand how science works. Furthermore, these
start-to-finish partnerships may help researchers create more usable science products for
local participants [75].

3.1.2. Assist Existing Community-Based Projects

Historically positioned at the intersection of inquiry and social action, environmen-
tal justice movements are prominent examples of how participatory action research,
community-based participatory research, action science, and community science can be
used to engage and empower communities [76]. Researchers may find existing groups of
citizens tackling local socioecological problems. Citizen science conceptualized as predomi-
nantly data collection ignores the alternative and diverse pathways for science to transverse
across multiscalar and polycentric governance structures [66,77]. Researchers should resist
the urge to compete with, consume, or even take over these existing groups. Instead, it
is important to try to find a way to plug into the groups’ goals and serve in an assistant
capacity by providing needed resources.

In our project, we coordinated with the Union County Hydrology Project, an existing
collaborative water monitoring project run by a local water and conservation district in
response to declining water well levels in Northeastern New Mexico along the shared Texas
border, where center pivot irrigation (CPI) is rampant [45]. In support of that project, we
participated in data sharing and adjusted our research to complement their independent
ongoing investigations with hydrogeologist Dr. Kate Zeigler mapping the geohydrology
and withdrawal and recharge rates of the region [78]. The conservation district shared
information concerning declining groundwater levels collected from local landowners.
Based on their needs, a graduate student developed a project mapping CPI change in the
region and consequent perceptions of individual- and community-level socioecological
resilience [48]. As a result, we were able to share maps showing the growth and contraction
of CPI systems from the 1950s to the present. Additionally, we collaborated in joint grant
writing efforts which, regardless of success, served to increase the sense of partnership
and led to invitations for annual presentations at Soil and Water Conservation District
stakeholder meetings.

While this was not a direct goal of our initial project, we would be remiss to ignore the
immense importance of cultural and social learning processes within the context of water
resource management [79,80], and the transmission of local traditional ecological knowl-
edge (TEK) [81,82]. Vogel and colleagues [83] call for researchers to transcend traditional
science approaches and find opportunities, similar to the Union County Hydrology Project,
to connect science within steps of the community decision-making process. However, one
must be careful of the power dynamics within these relationships and tread lightly so as
not to limit resilience efforts. For us, cooperative dialogue with an existing citizen group
enabled a more speedy delivery of products useful for local resilience-building activities,
while also increasing trust in science and thus in our project. Although collaboration is
time-consuming, it ultimately led to project benefits, as we were able to identify land users
for drought adaptation surveys for a robust geographic sampling method.

3.1.3. Find Niches for Project Participation, Technology Transfer and Education

An important part of coproduction is building a platform for participation, both
within and beyond formal institutions. Citizen science projects themselves are too often
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conceptualized and positioned as the formal platforms for participation and education [84].
Alternatively, researchers could seek out “niche” partnerships, defined as the local collabo-
rators, leaders, and networks that can initiate and legitimize public participation [85]. We
found that local museum partners were some of our most valuable “niche” contacts in terms
of gaining a more well-rounded context for our research, finding additional community
participants, and embedding ourselves in the places we work and study. Our research
team contributed several small exhibits for local museums, including posters, pamphlets,
and interpretive materials prepared by students as part of field research courses (more
below). These approaches frequently made use of resources that were readily available
at the museums, but could benefit from the added value of digitization, analysis, and
interpretation. The possibilities for productive community partnerships and technology
transfer are seemingly endless and include shared grant writing, technology training, and
community mapping, among others.

Recently, we incorporated new technologies into our work, acknowledging that small
museums may not have the skills or resources to produce digital versions of their resources
or create online exhibits. One example was a project to digitize a partner museum’s
collection of county plats and use the resources for analysis in the emerging field of historic
geographic information systems (HGIS). These dilapidated wall maps, which detailed the
ownership of each parcel of land in the county annually, were stored in a corner of the
museum without any interpretive materials or analysis. To realize the utility of these rich
historical resources, we photographed or scanned them, digitized the parcel geometry
and ownership data, and compiled the data in a geographic information system. Putting
together a time series from multiple sources, we were then able to track changes in land
ownership over time using robust statistical methods and analysis that would have been
impossible without this work [49].

In our evolving and symbiotic relationship with our museum contacts, both parties
saw benefits to our efforts. Our team produced presentations and publications related to
the plat analysis, while also gaining additional context for our future research. For our
museum partners, we were able to provide digital versions of the badly damaged plats and
helped identify the production year for several maps that were not dated. Based on several
rounds of feedback from community members and museum curators, we also produced
an online mapping and interpretive application. Created using Esri’s publicly available
StoryMaps platform, our webmap delivered a narrative describing the origin of our study,
examples of historical plats, and interactive graphs detailing our results (Figure 2). This
and other interpretive applications produced using museum archives may be viewed at
our project webpage: http://biosurvey.ou.edu/Grasslands/main.html (accessed on 29
December 2021).

Additionally, our project worked with three area museums to support the archiving of
our completed oral histories, including the creation of transcripts and rescuing of museum
oral histories from VHS and cassette tapes, and the digitization of historical Dust Bowl
documents. In working with partners, we tried to remain open to requests, which often led
us down surprising and serendipitous paths, such as the unexpected but complementary
HGIS analysis of Dust Bowl Survivors. While museums and local historical societies proved
to be our strongest allies, researchers seeking to employ PAR approaches could partner
with any number of other local interest groups, libraries, societies, or non-profits.

http://biosurvey.ou.edu/Grasslands/main.html
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3.1.4. Organize Student Field Projects

Student research projects based on the expressed needs of residents and local institu-
tions helped maximize our role in academic institutions while providing opportunities for
future researchers to learn about PAR and transdisciplinary research. Research (e.g., [86,87])
indicates that students directly benefit from involvement in PAR, gaining a deeper under-
standing of theory through practice. Students involved in the coproduction of knowledge,
for instance, must make theoretically informed decisions while confronting their own
positions, values, and ethics [86]. Within the context of our research, students from mostly
urbanized areas engaged with rural agriculturists to better understand vulnerability and re-
siliency in the face of adverse climatic extremes. Additionally, as Elwood [87] notes, among
the most valuable lessons students gain through involvement in participatory research is
learning to ethically work within different social, cultural, and political settings.

As part of a capstone course taught by the lead author, roughly 90 undergraduate
and graduate students developed valuable experience in community-engaged research. In
this process, we worked with communities to identify local research needs and capacity
building. Based on challenges, problems, and/or questions identified by community
members and local agencies, the students created mini-projects executed over the course
of 6–8 weeks during the semester. This arrangement produced meaningful collaborations,
as citizens tend to be more available for students when they are heavily invested in the
research results. However, such an approach also took considerable time to organize,
requiring multiple side trips necessary to the study area both before and after the student
projects were completed. Ultimately, this leads to the social capital notion of “mutual
exploitation, mutually agreed upon” [88].

Over the past 10 years, our students participated in a wide range of related research
projects including the archiving of oral histories, the digitization of valuable Dust Bowl
museum archives, the creation of GIS Story Maps, historical walking tours, and tourist
maps, among other things. While many of these research experiences for students might
not directly answer our funded project’s goals on socioecological resilience to drought,
they did provide quick and meaningful deliverables to the communities where we worked
with direct impacts on community resilience. For example, a walking tour map of historic
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WPA buildings did not relate directly to current drought adaptation. However, the map
helped create support for the preservation of a local WPA-built school, while extrapolating
on histories and symbols of historic drought resilience. This provided broader context and
subtext to our research while at the same time growing social capital.

Students were able to experience the entire life cycle of participating in a small research
project, while communities and local agencies received specific products and deliverables
for their time. Relatedly, when the community picks the problem, they are more likely to
talk to students and be more open and tolerant of the student learning process. Involving
students in research projects also trains the next generation of scholars and researchers.
These activities are valued by government funders, where we see increasing initiative for
undergraduate research experiences. These small projects can be transformative in the way
they challenge students to make decisions concerning how they communicate and provide
room for error through experiential learning.

The result is data that is useful to the community, where the community gains a better
understanding of the value of research. The effort to organize field research is tremendous
(e.g., arranging housing, narrowing project scope, etc.) with lead researchers acting as
“translators” between young scientists and communities. We argue that what might appear
to be a tangential use of time and resources is actually a valuable ethical and community-
centered approach with transformative opportunities for both communities and the training
of future researchers [89]. Answering the “so what” question to the community through
related student projects is an entry point to fostering mutual respect, often absent in some
citizen science approaches. Furthermore, the WPA student project led to the sharing of
related Dust Bowl survivor stories that we would not have otherwise been aware of, which
ultimately led to a more thorough understanding of resilience and collective memory. In
sum, not only do student projects help teach students about the process of ethically engaged
research, but they also build social capital at the research site. This extra social capital
and community investment ultimately strengthens the quality and efficacy of the research
process and results.

3.1.5. Create Safe Spaces for the Discussion of “Hot Topics”

PAR offers opportunities to explore alternative pathways for governance and capacity
building that attend to issues of power, interest, and legitimacy embedded in water and
land-use policy [66]. Building a web of relationships is the core effort or mechanism for
coproduction between science and society. This means asking questions related to who calls
participatory forums or invites stakeholders, who gets to speak, when, and who determines
what is important or not when it comes to building socioecological resilience [90]. Water
is an increasingly controversial topic in general. A recent US public attitudes survey, for
instance, suggests public support for regulation, but not to the detriment of agriculture
and the environment [91]. As researchers we might shy away from controversial topics
for fear of project success or due to our own institutional pressures to avoid topics such
as climate change. Hosting adaptive comanagement meetings can provide safe spaces for
communities to discuss the complexities of socioecological problems. Consensus building is
time-consuming and not guaranteed, but as our experience shows below, there are benefits
to involving the community in interpreting the research results and deciding who gets to
use the findings.

At four adaptive comanagement community meetings [92] representing ~100 com-
munity households, we addressed land and water management and resilience issues with
producers, focusing on how land tenure policy and differential groundwater government
may influence resource management decisions and resultant lulcc dynamics (Figure 3).
To prepare for the meetings, we held informal conversations at various venues with com-
munity members regarding what they saw as key issues of importance. Additionally, we
received extensive input by community members into meeting times, locations, and other
cultural norms and preferences for how to run the meetings. As a result of those discussions,
we focused the community meetings on three main topics: perceptions and adaptations
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to risk hazards (invasive and nuisance plant species, flash flooding, drought, etc.), lulcc
such as woody plant encroachment and CPI, and drought and climate perceptions and
communication.
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We prepared four related hand-outs, as well as planned participatory mapping ex-
ercises (see Figures 4–6). For example, to discuss woody plant encroachment, we used
research on lulcc conducted by the project team [51] as a springboard for discussion. We
showed participants photographs of common nuisance and invasive species in the area,
such as one-seed juniper (Juniperus monosperma), cholla (Cylindropuntia imbricata), mesquite
(Prosopis glandulosa), bindweed (Convolvulus arvensis), locoweed (Atragalus spp.), and others.
For each, we asked participants if they had any land management issues with the various
species and, if so, the nature of the issues, how they coped with the issues, and whether
they believed that state and/or federal land lease policies exacerbated issues with these
species. Then, we showed the participants a series of lulcc maps illustrating both changes
in woody plant (particularly cholla and one-seed juniper) distribution and growth and
contraction of center pivot irrigation. Without leading participants, we asked them to
interpret the results, while elaborating on their interpretations. These discussions led to
coproduced results, where we used our science-produced products and their lived experi-
ences to explore whether land-cover change dynamics (e.g., woody plant encroachment
and loss of pastureland) could be linked to state and federal land leasing policies.

These meetings served multiple purposes, not only coproducing results, but also
triangulating evidence and garnering better understanding of local TEK. We also gauged
whether individual perceptions regarding these dynamics conformed to the actual pro-
cesses, as observed from repeat satellite imagery and lulcc classifications. Conversations
and activities explored the interface between local, regional, and state water governance and
federal agriculture subsidies, such as crop-specific subsidies (e.g., corn) and conservation-
related government payments (e.g., EQIP), and resulting perceptions of vulnerability and
resilience. By coproducing instead of simply presenting “our” results, we were able to have
open and fluid dialog concerning “hot” and even highly controversial topics.
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Figure 5. An example of TEK participant mapping of perceived environmental hazards. After
participants marked environmental hazards on our paper map template, we scanned and digitized
their responses (left). We then created composite choropleth maps, noting frequency, which helped
us identify hotspots of participant responses (right).
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Figure 6. An example of a comparative composite TEK map: flood risk perceptions against a flood
susceptibility index. The composite map created for flash flooding events allowed us to gain a better
understanding of local perceptions regarding this hazard. In this high-resolution dataset, we observed
that many cited the Dry Cimarron River corridor along the northern boundary of our study area and
certain roadways in the east as problematic areas (left). We also compared participant responses
(n = 200) to an index we created for flood susceptibility (right), finding many similarities between the
two maps. We performed this process for a variety of local hazards based on community concerns.

Land tenure policy is a particularly sore topic, especially in Cimarron County, where
competitive state land leasing policies have been shown to increase vulnerability, especially
during periods of prolonged drought [50]. The adaptive comanagement meetings involving
various members of the community provided a platform for producers to address a highly
contentious issue with others experiencing similar situations. These discussions, coupled
with the issue of nuisance species, provided a means for producers to explore the causes
and consequences of tenure and land-use decisions, as related to land tenure policy, while
providing the researchers with valuable insight of on-the-ground dynamics and vetting of
the remote sensing-derived lulcc data products [51]. Furthermore, it allowed the results
and interpretations of the analysis to be coproduced.

Similarly, the presentations on the growth and contraction of CPI provided a forum for
producers to discuss another contentious issue, especially for producers in Union County.
Whereas a large portion of Cimarron County is underlain by the HPA, only a small portion
of eastern Union County is so underlain. Consequently, center pivot irrigation is more
limited in Union County. More restrictive groundwater regulations in New Mexico further
limit groundwater-based irrigation in Union County. Nonetheless, looser water pumping
restrictions in neighboring Dallam County, TX, USA and Cimarron County, OK, USA,
serve as a pressure point for Union County producers. Community meetings provided the
producers an outlet to explore and discuss the relationship of CPI growth and contraction
over time in relation to different levels of groundwater governance and incentivization,
from local to national levels. It also gave them a safe space to discuss their growing
needs and concerns regarding water security issues. Producers’ insights provided us with
valuable information on how differential governance impacts the decision-making process
and resource management. As a result of these coproduction activities and others, we could
ensure that local understandings and interpretations were included with our scientific
map products, while also providing us with confidence that our own interpretations of the
scientific results were, indeed, correct [48].

A voluntary exit survey and participant feedback (n = 42) aimed to capture individual
perceptions concerning the value of the meeting and most important drought management
tasks, as well as solicit recommendations for additional scientific inputs or policymaking
strategies [20]. 79% of participants (n = 33) ranked the meetings of high value. In par-
ticular, participants noted the value of learning from each other (e.g., “We have resilient



Sustainability 2022, 14, 1813 14 of 23

people, we are survivors” and “Everyone has the same problems we do”), as well as
the value of science (e.g., “Universities are doing good research” and “There are people
helping us to understand”). The results revealed the perceived value of and clear need
for more opportunities for dialogue and knowledge-sharing among community members
themselves.

The most important management issues identified by the community themselves
included: cattle/grassland management, conservation/land stewardship, drought pre-
paredness/response, water resource management, and nuisance pests/encroachment is-
sues. While the meeting participants expressed a variety of definitions and frames for
understanding drought impacts, very few expressed specific ideas for policy prescrip-
tions or additional research. Overall, participants wanted policymakers to understand
the uniqueness of their place/region, work to eliminate tensions with regulations and
bureaucracy, address their “actual” needs as agriculturalists, and support policies for sus-
tainable practices. These findings indicated the need for and utility of dynamic models for
academic–community partnership capacity that could minimize the spatial and temporal
gaps between research and decision-making processes. However, more important than
solving their problems, participants expressed the value of having an inclusive, mutually
respectful, and supportive forum in which to express themselves, listen, and share. Re-
gardless of the topic a researcher might be studying, creating safe spaces to discuss “hot
topics” is not only appreciated by the community members themselves but can also serve
as a means for the researcher to better understand complex dynamics while serving as an
opportunity to coproduce research results.

3.1.6. Use Participatory Mapping and Traditional Environmental Knowledge (TEK)
Techniques for the Coproduction of Scientific Knowledge

Coproducing results with communities is important, especially in remote sensing-
based studies where attempts at linking “people to pixels” have obvious cultural and
scalar mismatches and challenges [93]. Building off of past PAR experiences in the Ama-
zon [94], we recognized that traditional environmental knowledge (TEK) is often ignored
by mainstream scientific approaches [23,95]. Tapping into TEK can help with community
capacity and trust building, while also inverting the historical power dynamics often in-
volved in scientific study [96]. Here, we realized that publicly available maps may not be
readily available, be of high quality, or meet the specific needs of the research team or local
communities. For example, FEMA does not produce flood maps for much of our study
area. Road maps and online mapping services are notoriously inaccurate, particularly in
sparsely populated areas. Furthermore, issues of scale or imperfect data products can lead
to misleading or erroneous findings in research. This challenge was especially clear in our
attempts to find fine-scale climate data in our study area. Many rural counties may only
maintain one or two weather stations. Residents of our study area, though, frequently
told us that weather patterns—particularly precipitation—are highly variable and spatially
isolated, resulting in differential impacts on household vulnerability to drought.

We launched a participatory mapping project in which we asked members of the
community to join us in creating maps depicting drought, flash flooding, invasive species
encroachment, and other environmental hazards [97] (see Figures 4–6). Our research team
frequently visited community events and public spaces with blank maps and colored
pencils in hand, finding residents willing to share their knowledge. Although participants
were often tentative at first, believing that they were not “experts,” we reassured them
that their qualifications as local residents gave them expertise that transient researchers or
remote sensors inherently lacked. We asked participants to draw on our map templates,
using a different color to indicate different types of environmental hazards (Figure 4).
We then scanned participant maps, digitized them, created a geographic information
system (GIS) (Figure 5), and produced composite maps representing commonalities among
~200 participant responses (Figure 6). This allowed us to identify broad trends or “hazard
hotspots.”
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In addition to the obvious result of gathering data to help explain spatial patterns of
environmental hazards, we also found several tangential benefits. First, interacting with the
community helped us build social capital as we met new people and promoted awareness of
our research. Second, participatory mapping served as a great conversation starter, allowing
us to gain a better understanding of potentially unforeseen hazards and other directions
for our research. Third, because the mapping exercise was easy to learn and conduct, it
gave several undergraduate students the opportunity to visit the field and gain research
experience. Lastly, and arguably most importantly, participatory mapping empowered
communities to know that their knowledge and input were important, efficacious, and
valuable. This helps to promote positive perceptions of science and research, as well
as a greater sense of human agency to identify and respond to hazards in their own
environment. We presented the results comparing the “maps of the people” next to the
results from our scientific data-driven models (see Figure 6) at several community and
local meetings. In more cases than not, the maps showed significant overlap. Furthermore,
more often than not, people thanked us for making the maps. One resident lamented
about the frequent mistreatment by many researchers and agency representatives who
come to their communities as the “experts” to tell them what is going on with their natural
resources and what they should do about it, stating: “Thank you for treating us as equals.
We know we know a lot about what’s going on out here, and you just gave us the proof
that we do.” Critically trained geographers using participatory mapping techniques can
work with grassroots organizations to generate science products that speak to, for, and
with communities for social and environmental justice-oriented action [98].

3.1.7. Create Tools for the Community, by the Community, with the Community

Data, information, and technology are key components for community engagement in
scientific research [99]. In addition to starting with and investing in community concerns,
it is important to also consider the uses and impacts of our geographic tools. There is an
iterative process of developing ideas from user needs and improving the products through
iteration. With more technology and data available, we need to find ways to use these
tools to speak not just within our disciplines but across subareas and within vulnerable
communities [100]. The utility of our tools for landowners and farmers improves the quality
of our research, but also becomes a vehicle for driving community conversations and
planning. Science, and especially citizen science, is a process with social components and
the usability of tools should come from a codesign perspective. High levels of engagement
in process and product are necessary to avoid the “crowdharvesting” of participants as a
resource rather than as full collaborators [100].

To this end, we developed a number of information tools, including a project website
(http://biosurvey.ou.edu/Grasslands/main.html, accessed on 29 December 2021) and a
series of web-based mapping tools, for the dissemination of the various project data. The
project website provides general information regarding the project to various stakeholders,
with additional links to related projects. It also serves as a portal to tools designed to
assist in decision-making processes. Diverse stakeholders have access to published reports
and journal articles, project factsheets, tourism documents, and research posters and
presentations, all of which are designed to assist in the decision-making process on a range
of topics.

In addition to the Story Maps, we produced two interactive web map applications
related to lulcc dynamics in the area, both of which were based on research conducted
in the area [51] and vetted at the adaptive comanagement meetings. The first interactive
map (http://arcg.is/24uBfzJ, accessed on 29 December 2021) allows users to view the
land-cover characteristics of Cimarron County, OK and Union County, NM in 1992 and
2011, respectively. With this interactive map, users can use a slider bar to view changes
in land cover, such as woody vegetation cover that has reduced available grasslands for
cattle forage. Additionally, tools are provided to enable users to search for specific locations
(e.g., X, Y coordinates, an address, or a town). The map also provides basic navigation,
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such as zoom and panning, for individuals to manually search the map, and a print to view
function.

While the basic interactive map enables users to view land-cover characteristics of
Cimarron and Union counties, the second viewer (http://arcg.is/2nQaNNQ, accessed on
29 December 2021) expands the functionality of the map viewer and adds an additional
data layer, land tenure, so that users can view the land-cover dynamics in conjunction
with spatial information on state and federal lands. More specifically, this map provides
a number of tools to assist in the land management process: a draw palette, for instance,
provides users with annotation tools to add points, lines, polygons, and text to the map;
measurement tools enable the user to calculate the approximate distance or area of select
features; a print tool permits users to create digital (e.g., PDF or JPG) or hardcopy prints
of maps and annotations; navigational and search tools permit users to find their current
location, other locations, and to explore the map at different scales; layer control tools
enable users to toggle various data layers on and off, to swipe the layers to see changes
over time, and to change basemaps; and sharing tools permit individuals to share the map
and even embed it on their own websites.

While these interactive tools were designed specifically for use by members of the
communities, they were designed and redesigned based on feedback from local residents
to increase their utility and usability. We discussed these tools regularly at local meetings
through both formal and informal processes, providing a means for individuals to provide
feedback. Producers on the ground understand the lulcc dynamics at a local level that is
not attainable via traditional remote sensing products. Based on their feedback, we were
able to increase the utility and power of these tools. Errors of omission and commission can
occur even with the best data classifications and there will always be a degree of inaccuracy.
By providing producers with these data products and tools in regular dialog, individuals
can vet the accuracy of the land-cover classification based on their own experiences and
provide us with the necessary feedback to improve our data products. While at times their
requests were beyond the scope of our research team’s expertise, we found that the effort
needed to learn a new technology or programming language was well worth the overall
benefit in terms of creating a product that would actually be used. Furthermore, these
efforts built social capital and trust between the researchers and the communities.

3.1.8. Share First, Decide Together What Is Shared and What Is Not

Engagement with citizens should be seen as a repetitive, reflexive process, not a
one-time activity [22]. We must carefully consider that the way we share information
with communities may not be how we share the data with the world. In this project,
we considered the ethics of deciding how oral histories were accessed and used. The
interviewees were given many options on the release form to share their video, audio, or
just transcript, and the rights to edit the transcript. In terms of privacy and access, they
also decided where the oral history would be stored in the local museum or on-line, or to
participate without sharing or archiving.

At a broader dissemination level, there are important ethical considerations to efforts to
make citizen science data publicly accessible. For example, while our Story Maps included
data that were publicly accessible, the community chose not to put these online for public
use. The ease of accessibility and the power of a GIS changes the power dynamics of how
information might be used by others in both positive and negative ways. There are often
tensions between the open data initiatives of funding agencies and the ethical obligations
to communities. Innocuous choices and bad data management can have real impacts on
communities [17]. It is an ethical choice to share data with the community and beyond, but
we also need to honor their choices regarding how and where to share that information.

3.1.9. Do Not Be a Beverly Hills Geographer/Researcher—Just Say “Yes!”

In his now famous field methods syllabus, renowned cultural ecologist and anthropol-
ogist Bernie Nietschmann [101] reminded his students to contemplate the power dynamics
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wrapped around ethnography. For Nietschmann [101], research often is performed on, or
imposed upon, remote, powerless, and/or marginalized people. By asking us to imagine
actually succeeding in an ethnographic household survey in Beverly Hills, he reminds us
to contemplate the inherent power dynamics involved in the research process, pointing
out that marginalized groups and the most vulnerable people might not feel that they can
say “no.” As a result of these traditional power dilemmas between the researcher and the
researched, our PAR approach sincerely tries to break down these binaries and take a just
say “yes” stance when it comes to requests from the communities we work with as well as
our local institutional partners.

At times, saying “yes” means extra work on our end (the student-based project
experiences above help with this matter). Sometimes, this means the commitment of extra
time and/or resources. Sometimes, it means driving seven hours mid-semester to give a
one-hour talk during the Annual Dust Bowl museum fundraiser, only to turn around and
drive back seven more hours. It often seems more practical to say no, but remembering
these inherent power dynamics gives us a sincere pause in contemplating community
related requests. Sometimes we are not able to meet a specific request, but we may be able
to use other available resources such as small grants to accomplish some of these tasks. In
other cases where the request is considerable, such as mapping the growth and contraction
of CPI, it might take time to get a graduate student to take on the project. Part of our
PAR approach means making a long-term commitment to the study area. Regardless, just
making a concerted effort to invert some of the inherent power dynamics involved in the
inherent process of doing scientific research leads to social capital, trust building, and good
will on our part, and sometimes it even leads to the generation of new ideas that greatly
advance our science (such as our historic GIS analysis, see [49]).

3.1.10. Reflect on the Process, Adapt as Needed

Introducing participatory methods into citizen science requires constant adaptation
and reflexivity. Although research methods are often fixed due to funding limitations
or logistical constraints [102], we found success in gradually developing and optimizing
our processes by employing modern project management practices [103] and the iterative
approaches common in PAR [104]. These principles, such as those described in Lean Six
Sigma or the Deming Cycle, advocate for starting small, learning quickly, and rapidly
iterating to develop processes efficiently [105]. The types of engagements described in
this article could not be completely planned in advance or on a tight schedule, but rather
evolved from committed effort, reflection, and adaptation on our part as researchers
working in partnership with communities. Discussions with community partners, as well as
community meetings of various sorts, happened iteratively throughout the project. Regular
check-ins were required as a project evolved. Working collaboratively in partnership with
communities required staying open to serendipity, even when it felt as though it was
working against you or your objectives.

For instance, when we first started working in our study area, there was a sense of
urgency to capture the drought stories of older people before they died. This perceived
urgency by local residents drove much of our initial community collaboration through
our commitment to record, transcribe, and share substantially more oral histories than the
initial small set. Although only part of our research project, the oral histories could, at
times, “feel” as though they were initially interfering with completing (or even starting) our
other research objectives. In the beginning, such delays could be stressful to the broader
research team, particularly graduate students or early career faculty on a rigid timeline,
where the community’s wants might seem to be in conflict with individual researcher
needs and aspirations. At the same time, the oral histories opened more doors to us
than any community meetings and other standard recruiting strategies ever did. In truth,
everyone in the study area has or knows a grandparent, great aunt or uncle, or family friend
that survived the Dust Bowl. Furthermore, many of the community-led student projects,
while often appearing somewhat divergent to start, intersected with the larger context of



Sustainability 2022, 14, 1813 18 of 23

rural economic decline and the preservation of town culture that supports resilience in
“droughthy” times. These smaller projects informed the changing face of irrigation, land
ownership, and other human dimensions of drought.

A commitment to reflexivity led to shifting priorities and adjusting schedules based
on community wants and priorities. Such a commitment helped us gain trust, while also
expanding our community network. In this sense, taking time to complete components of
perceived importance to the local community helped us with other aspects of our research
project, such as the socioecological vulnerability and lulcc components. As a result of
prioritizing community preferences, the communities gained more trust in science and
scientists, which greatly bolstered our own team and individual research objectives.

The complexity and situationality of environmental problems demands that such work
be iterative, reflexive, and adaptive to the changing realities and needs of local communities.
For a researcher with a deadline and expected deliverables, the prospects of such work
can be scary, uncertain, and hard. However, we believe such work can also unleash the
liberatory potential of citizen science.

4. Conclusions

We offered 10 entry points for incorporating participatory approaches for a more
robust citizen science approach to socioecological and sustainability systems research.
We argue that participatory methods are complementary to citizen science and, taken
together, can lead to more robust results and stronger communities. PAR’s people-centered
approach leads to better science through increased participation and greater confidence in
the accuracy and interpretation of the results, such as our lulcc analysis. Incorporating ethics
as a core operating principle, PAR focuses on equitable exchange rather than extraction.
As such, it is also, in part, deliverable-oriented in approach in extremely utilitarian ways.
This leads to quickly “usable” results for local communities, long before the traditional
route of dissemination via the publication of academic manuscripts. Consequently, PAR
approaches lead to the production of strong social capital and greater community buy-in.
While many of our scientific publications focused primarily on more technical methods such
as remote sensing [48,94], UAS [52], lulcc modeling [51], or household survey results [47],
we argue that the participatory components outlined here remain the “unsung hero” that
allowed us to successfully and ethically continue to be productive in our study sites,
including the continued enrollment and participation in our related citizen science projects
(see https://arid.nmsu.edu/ and http://www.spottyrain.org/, accessed on 29 December
2021) for more information). We, therefore, see participatory approaches as not only
complementary to citizen science, but also a key means for growing and maintaining
community involvement.

At the same time, there are several disadvantages of using a PAR approach. In fact,
many of the road-tested strengths of PAR approaches are also weaknesses. For instance,
PAR can be quite slow to practice in reality, because it requires sustained commitment and
constant reflexivity. Furthermore, this process can make such research costly, especially in
terms of time. Seeing communities as equitable partners requires flexibility from all parties
as the wants, needs, and priorities of diverse stakeholders might change. Such changes
can derail one’s research in divergent (or, we argue, even delightful) ways. At the same
time, consensus building can be difficult [42]. For a researcher, a PAR approach might seem
at odds with the traditional academic reward structure which privileges peer-reviewed
research outputs over community-driven research deliverables. Furthermore, a researcher
operating in a more traditional science paradigm might find themselves at odds with a
community’s own paradigm and/or traditional knowledge system.

The promise of citizen science rests in the reconciliation of the often dueling ideals of
ethical community-centered design and more robust science. PAR approaches have a long
history (50+ years) and offer an expanded, ethically-just, field-tested tool kit for researchers
to draw upon to foster more robust academic-community partnerships and beyond. In
comparison, being a much more recent development, the field of citizen science is just

https://arid.nmsu.edu/
http://www.spottyrain.org/
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catching up. Synthesized into 10 entry points for more ethical and participatory science, our
semi-chronological narrative offers concrete strategies at various stages of socioecological
research and highlights the place-based, ethical, and methodological contexts for applying
each strategy. While strategies for every research project will be different, the core approach
is “open-minded” or “solidarity science” that conducts science with people, for people [30].
Incorporating such approaches, we contend, is not only a matter of doing more robust
socioecological research, but also of ensuring environmental and social justice.
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