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A B S T R A C T

While there is increased interest among engineers and scientists to collaborate with environmental justice or-
ganizations (EJOs), and while there are well-known programs that facilitate collaborations between engineers,
scientists, and underserved communities, little is known systematically about the engineering and scientific
challenges faced by EJOs. We lay the foundation for such a systematic understanding through exploratory
research in which we conducted 47 semi-structured interviews with EJO staff across the United States to ask
what their engineering and scientific challenges to combating environmental injustice are. Using deductive-
inductive coding we discover that EJOs are looking for support to engineering and scientific challenges that fit
specific topical areas and methods. Using the words of our informants, we then unpack the qualitative themes of
select topical areas (air quality, public and environmental health, fossil fuel infrastructure, clean and just
energy transitions, environmental restoration, and indigenous groups) and methods (data collection, data
dissemination, data analysis, spatial analysis, online platform building, networking of experts). We explore the
patterns of how these themes overlap with five different strategies (policy change, utilizing the media, educating
the public, providing legal advice, and developing collaborative projects) used by the EJOs in our study. We show
that EJOs want to collaborate with engineers and scientists to solve technical problems, mitigate harm to their
communities, and create positive futures. Our research informs the conception of strategic efforts to expand the
impact of engineering and scientific work done to address EJ challenges, particularly given the limited resources
that currently exist to support collaborative efforts in this space.

1. Introduction

Engineering and science play a central role in the creation, diagnosis,
and addressing of environmental justice (EJ) challenges (Ottinger and
Cohen, 2011). For example, notwithstanding the political and policy
failures that led to the Flint Water Crisis, engineering and scientific
practice related to water quality testing and civil and environmental
engineering were critical to both how children—largely poor and
Black—across Flint were poisoned with lead, and, along with pediatrics
and epidemiology, to creating policies and infrastructures to (hopefully)
avoid such disasters in the future. Climate science, oceanography, and
civil engineering play synergistic roles in understanding and coping with
the increasing frequency and strength of hurricanes in the Gulf of

Mexico, which, as evinced by the impact of Hurricane Katrina in New
Orleans, can more significantly affect marginalized communities. The
work of a diversity of engineering and scientific professionals is thus
implicated in EJ challenges, whether explicitly acknowledged or not.

There have been increasing calls for engineers and scientists to
exhibit greater social responsibility (Bielefeldt, 2018) and do work in
direct service of underserved communities (Lubchenco and Rapley,
2020). Such work could include collaborating with environmental jus-
tice organizations (EJOs) in underserved communities to address envi-
ronmental injustices the communities face related to pollution, energy
infrastructures, and climate change. It turns out that many engineers and
scientists are interested in such work (e.g., Ottinger and Cohen, 2011;
Boucher et al., 2020). While there are many cases spanning the
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success-failure spectrum of such efforts, as described below, existing
engineering and scientific efforts to build effective collaborations with
EJOs require scaling up to address the widespread nature of EJ chal-
lenges. But before we can create such scaled up efforts, we must un-
derstand the nature of the engineering and scientific challenges that
EJOs are trying to tackle. Our paper begins to answer the question: What
are the engineering and scientific challenges of EJOs in the US? Through
exploratory qualitative research, we contribute to creating the founda-
tion of more systematic efforts to address the diversity of engineering
and scientific challenges faced by EJOs.

2. Intersections between environmental justice organizations,
engineering, and science

2.1. Understanding environmental justice organizations: formation and
strategies

The social movement referred to as the “environmental justice” (EJ)
movement, which spans the activist, academic, legal, and policy arenas,
seeks to understand and address the disparate social distribution of
environmental benefits and burdens (Clinton, 1994), and to create en-
vironments where people live, work, and play that are safe and promote
thriving human-biotic communities (Bryant, 1995). In order to achieve
these ends, EJ scholars, activists, and advocates stress a greater recog-
nition of the diversity of communities affected by environmental chal-
lenges, and more thoughtful and strategic community participation in
creating and managing environmental policy (Schlosberg, 2004). The
US Environmental Protection Agency’s definition of EJ that focuses on
the “fair treatment and meaningful involvement of all people” is widely
used and comes from the EJ movement’s origins related to pollution and
toxic substances (Lee, 2021: 332). Recent advances in EJ scholarship
have tied environmental policy to diverse arenas like energy, climate,
community development, gentrification, indigenous rights, and beyond
(Schlosberg, 2007, Baptista et al., 2022). For our work, we thus recog-
nize the expansive nature of EJ, not only in terms of what constitutes the
“environment,” but also in terms of what constitutes “justice.” Justice
has to do with the removal of systemic barriers (Lee, 2021) that cause
recognition, procedural, and distributive injustice (Schlosberg, 2007),
and restorative efforts to repair the harm of injustices (Forsyth et al.,
2021).

As community-based organizations focused on EJ issues and policy
change, EJOs are critical actors in the EJ movement. This means EJOs
can choose to operate in a manner exactly the same as an environmental
non-governmental organization (ENGO) including applying for long-
term funding, which encourages many EJOs to register as non-profits
and some even cooperate with ENGOs (Rios, 2015; Perez et al., 2015).
Following Partelow, Winkler and Thaler’s (2020) typology of ENGOs,
we describe the organizations within our study as EJOs because they
engage with a justice discourse in their work and that is how our in-
terviewees described their organization. The EJOs may have members
and staff who identify themselves as part of the community they seek to
serve. While EJOs often focus on local-scale issues within a community,
over the past 30 years EJOs have formed nationwide coalitions with
other EJOs and occasionally ENGOs to share resources and expertise
(Perez et al., 2015).

As Martinez-Alier et al. (2014) assert, EJOs do not arise from
something read in a book or a report; they arise from concrete experi-
ences that have affected community members directly. For instance,
such experiences might be public health issues due to contaminated
water (Brown, 1992) or locally unwanted toxic dumping (Bullard,
1990). An EJO might also arise to assist a government with forest
management (Davis et al., 2020) or some other type of natural resource
stewardship (Abrams et al., 2016, p. 2). A number of citizen science
efforts have arisen to address environmental injustice in their local
community (Ottinger, 2010; Kinchy, 2017). As the EJAtlas attests
(Temper et al., 2015; EJOLT, 2020), there are EJOs all across the world
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arising in response to environmental, climate, and energy injustice. The
EJOs who participated in our study described five strategies to help
them achieve their objectives: (1) engaging with policy change, (2)
utilizing the media to promote their cause, (3) educating the public
about the EJ movement, (4) providing legal services for those dealing
with environmental injustice; and (5) developing collaborative projects
to help mitigate or raise awareness of environmental injustice. After
discovering these five strategies in the analysis of our interviews, we
found that they have been discussed to a certain degree within the ac-
ademic literature. However, as far as we know, this is the first time all
five strategies have been analyzed systematically together. We provide
brief examples of each strategy to illuminate the contexts within which
different specializations of and methodological approaches in engi-
neering and science can be integrated.

2.1.1. Engaging with policy
Many EJOs are established in an attempt to create policy change that

would resolve or prevent environmental injustices from taking place in a
community. The Community Action to Fight Asthma Initiative based in
California is focused on policy advocacy that would encourage state
representatives to pass laws protecting school-aged children from
developing asthma due to exposure to air pollution (Kreger et al., 2011).
(This coalition also draws support from media experts, demonstrating
how EJOs can use multiple strategies to achieve their goals.) Perez et al.
(2015) discovered that in recent years, as EJOs have become more
formalized, there have been more attempts to achieve political legiti-
macy by engaging with academics essential to conducting quality EJ
research. Rios (2015) has noted that 99% of EJOs in the US have
incorporated as 501(c)(3)s, allowing them to participate in policy-
making processes by serving on advisory boards, identifying problems
and proposing solutions. However, incorporation also means EJOs rep-
resenting minority groups that register as formal non-profits must be
careful in how they advocate for their disenfranchised constituents
because registered non-profits are prevented from lobbying (Berry and
Aron, 2001).

2.1.2. Utilizing media
Given these possible legal constraints, EJOs might need to be media

savvy to advocate for their causes. A prominent example was the
Computer TakeBack Campaign organized by multiple EJOs that targeted
Dell Computer across campuses in the United States (Wood and
Schneider, 2006), which resulted in a collaboration with the Chronicle of
Higher Education (Carlson, 2003) and eventually led Dell to create a
responsible recycling program for their computers. Similarly, the Basel
Action Network (BAN) was able to attract a great deal of media attention
to e-waste recycling sites because, as an EU think tank put it, they are
able to “reduce every issue to a one sentence sound bite” (quoted in
Little and Lucier, 2017: 208).

2.1.3. Public education
Many EJOs also use educational means to achieve their goals. For

instance, the University of Texas Medical Branch in Galveston collabo-
rates with T.e.j.a.s., a Houston-based EJO, to teach the public about
environmental toxicology by using theatrical performances developed
by Augusto Boal (Sullivan and Parras, 2008).

2.1.4. Legal strategies
While challenging to litigate, environmental statutes and civil rights

laws provide the option for communities to hold governments to account
(Frickel, 2011), and EJOs can also mobilize legal resources when cash
and other material resources are limited (Aspinwall, 2021). Interest-
ingly, the Center for Health, Environment and Justice has advised
against using litigation as the core EJ strategy, and instead, encouraged
organizations to consider how to use lawyers to their benefit without
having the lawyers overshadow their mission to claim control over the
knowledge needed to resolve environmental injustice (Marshall, 2010).
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2.1.5. Developing collaborative projects
The A Day in the Life project sponsored by three EJOs in Southern

California enlisted 18 youths to wear air monitoring equipment for a day
and pair that with photography to create a narrative of their experience
with air pollution and raise awareness of its risk to local communities.
(Johnston et al., 2020). Similar EJO projects exist for promoting water
quality, such as the Bowman Creek Project in South Bend Indiana that
was meant to restore a water way in collaboration with community
groups, schools, and the University of Notre Dame (Blum et al., 2018).
Energy-focused projects created by Empower Kentucky to help small
communities transition to a more sustainable way of life are a good
example of how energy justice is being addressed by EJOs in states that
are largely dependent on coal mining as an economic resource (Carley et
al., 2021). It is in synergy with these strategies that the engineering
and scientific challenges of EJOs need to be addressed.

2.2. Existing engineering and scientific efforts in addressing EJ challenges

Within the broad environmental, climate, and energy challenges
being addressed with EJOs, there have been numerous calls for those
with expertise to acknowledge and address the engineering and scien-
tific challenges in communities (Bielefeldt, 2018; Lubchenco and Rap-
ley, 2020). Pandya (2014) suggests “closing the gap” between science
and society and describes how those who participate in defining scien-
tific questions will dictate “whether science results are pushed out from
scientists or pulled into community priorities” (2014, p. 56).

Over the past decade, professional societies and advocacy organi-
zations have created programs to engage engineers and scientists in
community-based work, oftentimes focused on EJ challenges and in
collaboration with EJOs. For example, the American Geophysical Union
(AGU)’s Thriving Earth Exchange has connected engineers and scientists
to over 140 projects, many in underserved communities, that address
issues from heat vulnerability and indoor air quality to flood risk (AGU,
2020). The American Association for the Advancement of Science’s
(AAAS) On-Call Scientists program has also connected hundreds of en-
gineers and scientists and human rights organizations in the United
States and abroad (AAAS, 2020). Engineers Without Borders recently
started Community Engineering Corps (CEC), which leverages a network
of more than 200,000 professional engineers, to address water, energy,
civil, and structural engineering challenges for communities that
generally cannot afford professional engineering services (CEC, 2019).
As far as we know, however, there exist no systematic studies on the
engineering and scientific work done across such programs.

There are four key points regarding engineering and scientific work
within the EJ movement that helps frame and motivate our work. First,
significant bodies of research have paid close attention to and critiqued
the role of engineering and scientific expertise in EJ struggles, with a
particular focus on how engineers and scientists have oftentimes exac-
erbated EJ challenges, to the detriment of the work of EJOs (Ottinger
and Cohen, 2011; Bryant, 1995; Lambrinidou, 2016). Second, as dis-
cussed by Boucher et al. (2020), engineers and scientists must be able to
find EJOs to collaborate with, and they may not be aware of the diversity
of ways in which they might be able to engage. Third, centering equity
and justice in the framing of science and environmental communication
can provide an entry for EJ communities—and thereby EJOs in those
communities—to use their voice to engage with scientific and environ-
mental findings and knowledge and increase the social relevance of
scientific findings (Polk and Diver, 2020; Pezzullo and Cox, 2017). Vice
versa, thoughtful and sustained listening to EJ communities can bring
scientists, engineers, and communities into partnerships of mutual
learning, decision-making, and trust, and build new knowledge re-
lationships (Lambrinidou, 2016; Irwin, 1995). Fourth, existing
EJ-focused engineering and scientific projects have oftentimes been
scoped for local—often hyperlocal—contexts. EJ challenges, however,
are widespread, and while the particularities of challenges might be
specific to a given location, many aspects of an EJ challenge in one
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location might overlap with those in another. For example, lead in
drinking water is a well-documented US-wide EJ challenge (Mulvihill,
2021), as are heat vulnerability (NIHHIS, 2021), air pollution exposure
(Clark et al., 2014), access to renewable energy (Sunter et al., 2019) and
so on. Thus, in order to scale engineering and scientific efforts to address
EJ challenges, it is important to understand these commonalities based
on the perspectives of EJOs.

As far as we are aware, there is no systematic analysis of engineering
and scientific challenges from the EJO perspective. Systematically
clarifying the EJO perspective on these challenges could support the
formation of a new and scalable approach for stimulating collaborations
between EJOs and engineers and scientists. It can inform the develop-
ment of matchmaking approaches to create more thoughtful collabora-
tions between EJOs, engineers, and scientists, as well as the
transferability of knowledge created and interventions proposed in one
EJ context to other similar EJ contexts. In other words, the scalability of
the impact of engineering and scientific work is predicated on system-
atically identifying the ways in which EJOs see the need for engineers
and scientists. Through an exploratory study of the question What are the
engineering and scientific challenges of EJOs in the US? we begin an
approach to systematically characterize the ways in which engineers and
scientists can support efforts that move beyond individualized efforts. As
we show below, despite the documented challenges of working with
engineers and scientists, EJOs indeed recognize the need for engineering
and scientific expertise.

3. Methods & data collection

Our approach is an exploratory qualitative study based on semi-
structured interviews with representatives of EJOs. Informed by the
literature discussed above, we conducted a US-wide search for EJOs,
broadly construed (i.e., environmental, energy, or climate justice orga-

nizations), to answer the above question. We identified EJOs working on
EJ issues and compiled a database through three methods: internet
searches (including the IRS registered 501(c)(3) organizations data-
base), institutional networks (like the National Environmental Justice
Conference and through the Office of Environmental Justice at the EPA),
and snowball sampling. After this, we had over 3000 potential contacts.

We then selected groups using several criteria. First, we determined
whether the group’s focal areas and mission included EJ. We did this by
reviewing their websites, social media pages, and affiliated materials.
Groups that did not substantially focus on environmental, climate, and/
or energy challenges through the lens of justice were not included. For
example, our search often included conservation groups who were
concerned about biodiversity conservation, which we did not classify as
EJ. Second, we delimited groups by their status, active or inactive. Using
the same review of materials, websites and social media, we looked for
the latest posts, updates, or changes. If they were older than three years,
we assumed the group was no longer active. Finally, we emailed the
listed contacts at least three times. Those who responded were asked if
they would sign up for an interview where they consented via electronic
and verbal formats. After this initial process, our database was narrowed
to 426 groups and a brief digital survey was sent to this list in September
2018 that allowed us to collect basic details about their organization (i.e.
location, number of employees, number of volunteers, role of inter-
viewee). With a $75 incentive, we then conducted interviews with 47
different groups between October 2018 and May 2019. Interviews lasted
between 30 and 90 min, were conducted by phone, and recorded for
analysis. Our semi-structured interview protocol focused on key ques-

tions about the engineering and scientific challenges faced by the EJOs
(see Appendix A). We did not systematically collect information on the
background of our interviewees, primarily to protect their privacy and
to keep the interview protocol concise. We use the word “technical” in
the interview protocol (Appendix A) for the sake of brevity. In actuality,
we provided detailed examples to the interviewees about what we meant
by “technical” to include the nature and diversity of engineering and
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scientific challenges the groups might face. Two participants agreed to
do an interview and promised to complete the survey, but they never did
despite repeated follow-ups by e-mail.

Once the interviews were transcribed, we used a deductive-inductive
approach to categorize the engineering and scientific challenges faced
by these EJOs. The deductive portion aligns with what some call a
Framework (Srivastava and Thomson, 2009; Gale et al., 2013) or Tem-
plate (Brooks et al., 2015) Analysis. We then “filled in” these templated
areas by coding in the manner of Grounded Theory (Glaser and Strauss,
1967). A team of three analysts coded the interviews and a codebook
was created. In reporting our results, we use the gender-neutral terms
“them/their.” As with most qualitative studies, these findings are not
broadly generalizable, though they offer a rich insight into the partic-
ulars of our sample, and a framework to begin to characterize the en-
gineering and scientific challenges of EJOs. We emphasize that given the
wide-ranging nature of our interview protocol the results we present
below form only a fraction of what we have learned from the interviews.

4. Results

4.1. Descriptive statistics

Before reviewing the qualitative results of our interviews (n =  47),
we first review some descriptive statistics of the sample collected in our
digital survey (n =  45). We call attention to some more salient attributes:
49% of our respondents identified as the Executive Director; 56% of
their organizations had less than ten employees, 49% of the organiza-
tions had more than 200 volunteers, and 42% of these EJOs resided
around the EPA designated region of Philadelphia. Appendix B assem-
bles the detailed attributes of the EJOs that participated in this study
(Table B1).

As discussed in Section 2.1, we discovered in our online survey that
the EJOs we interviewed used one of five strategies, namely engaging
with policy, utilizing media, public education, legal strategies, and
collaborative projects. While some of the organizations might occa-
sionally use an alternative strategy, all of the organizations indicated to
us in our survey that they engaged with one primary strategy, which is
reflected in Fig. 1. Fig. 1 provides a distribution of these strategies across
the 45 organizations that responded to our survey. In the discussion
below, we explore how the strategies used by the EJOs are related to the
challenges of technical expertise that emerged from our interviews.

4.2. Qualitative results

Coding of transcripts revealed two sets of themes related to the en-
gineering and scientific challenges faced by EJOs. The first set of 15
themes were topical in nature (Fig. 2) while the second set of 13 themes
exhibited a focus on the methods (Fig. 3) used to address engineering
and scientific challenges. Our figures help signify that there is not
necessarily a hierarchical relationship among the themes discovered in
the analysis of the interviews. The fact that some of the themes appear
more than others (Appendix C) could be the result of the sampling
procedure we used for identifying EJOs relevant to our study.

Fig. 1. The number of EJOs that utilize a certain strategy (n =  45).
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In the following two sections we will use the words of our informants
to unpack examples from these topical areas and methods to give the
reader a more nuanced understanding of how EJOs understand the
technical challenges they face. Not all of these challenges are neces-
sarily directly related to engineering or science, but given that the in-
terviewees brought them up in response to Question 8 in the interview
protocol (Appendix A), we have included them here.

4.2.1. The topical areas of EJO technical challenges
During our interviews, informants often designated their technical

challenges according to a specific topic. By unpacking the following
examples, we want the reader to see how EJOs perceive experts as po-
tential sources of support for solving these topical challenges. Not all of
these challenges can be resolved solely by engineers or scientists, but we
will begin with a few where their expertise is highly relevant, such as air
quality.

Air Quality: During the interviews a number of informants expressed
interest in technical support around the common topics of environ-
mental quality, namely air, water and soil. For instance, the director of
an EJO focused on environmental health on the East Coast discussed the
challenge of finding scientists to study air pollution as a health problem
to reduce costs to society. As they said, a scientist could help them show
the relationship between air pollution in different states and the large
budget allocated to treat asthma. Then their organization could:

go to those policymakers and be like, ‘Look …  you’re paying all this
money to treat it, but if we could reduce air pollution and support the
Clean Air Act, you’re going to be reducing these costs significantly.’

Here we can see an example where EJOs interest in collaborating
with scientists to study the health impacts of air pollution could affect
policy change. The EJO is aware that success is dependent on using
science to demonstrate to policymakers that said policy change will save
taxpayers money on healthcare expenses in the long-run.

Public and Environmental Health: The interest in collaborating with
engineers and scientists on public health issues was one of the more
common topics in our interviews. In some cases, EJOs expressed regret
that their previous campaigns were lacking technical support and how
that may have been a barrier to their success. When talking about how a
chemical leak affected health equity issues in their community, the
former spokesperson of an EJO on the East Coast told us:

We definitely could have used some engineers during the [X]
chemical leak ….helping us understand what the different re-
quirements were for the tanks. [We] were working with a civil en-
gineer that did a lot of work on water infrastructure and water safety
…  And helping us understand all that.

After their experience with this chemical leak, the informant had
entered a Ph.D. program focused on occupational and environmental
health science because they recognized communities want this exper-
tise. Through this example there is anecdotal evidence that exposure to a
lack of technical expertise in an EJO may motivate activists to obtain
that expertise themselves.

Fossil Fuel Infrastructure: EJOs also expressed an interest in technical
expertise on how to deal with aging fossil fuel infrastructure. Coal
mining in particular was a concern among EJOs in the northeastern US.
When asked how scientists and engineers could help out their work in
the long-term, one director of an organization focused on coal mining
issues explained that:

1 See Appendix D for additional select quotes for remaining Topical Areas and
Methods.

2 Interview #7 conducted on Sept. 21st 2018.
3 Interview #17 conducted on Oct. 16th, 2018.
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Fig. 2. Topical categorization of respondent identified engineering and scientific challenges.

Fig. 3. Engineering and scientific challenges categorized by generalized methods of work and activity.

There’s huge reclamation questions, particularly with coal …  How
can it be cleaned up in a way that actually provides economic benefit
as well as reduces the harm it’s creating?

This informant is drawing our attention to the legacy of fossil fuel
infrastructure that is making it difficult to keep the community safe.
EJOs hope to find engineers and scientists who can help solve these is-
sues, but also recognize that any solution must be equitable and help
provide economic security for these communities as they cope with the
shock of transitioning to a new way of life.

Clean and Just Energy Transitions: The topic of transitioning to a clean
and just energy system also came up repeatedly in our interviews. We
asked informants to provide us with examples of transformational pro-
jects in their community that would be useful to talk about with scien-
tists and engineers. The president of one EJO that focuses on educating
the public about a range of environmental issues excitedly explained
that:

Yes! Any kind of alternative energy projects could be piloted here.
We need to …  use those abandoned mine lands as brownfields for

4 Interview #40 conducted on Dec. 6th, 2018.

solar panel farms. We need to change the laws in the state to allow for
community solar, so that people can benefit …  So, you know, we’ve
got a lot of work to do, especially on the legislative level, but also on
the ideological level. The culture is very resistant to change, and very
resistant to scientific evidence.

It is important to include this long quote because here we can start to
see that interest in technical expertise is interdisciplinary, including
lawyers and social scientists who can help the public understand the
importance of scientific evidence. It may be that expertise beyond a
photovoltaic systems engineer would be helpful to an EJO that wants to
create a solar farm on an abandoned brownfield.

Environmental Restoration: Brownfields and Superfund sites are
widespread across the US, with recent estimates suggesting more than
450,000 brownfields and close to 1400 Superfund sites scattered across
the US. In spite of how widespread issues related to land pollution are,
one informant suggested that it was still difficult to find engineering or

5 Interview #10 conducted on Oct. 2nd, 2018.
6 https://www.epa.gov/brownfields/overview-epas-brownfields-program.
7 https://www.epa.gov/superfund/superfund-national-priorities-list-npl.
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scientific experts to help envision environmental restoration:

It is so hard for us to help groups find experts who are willing to help
them evaluate different cleanup options and clarify their goals
related to the cleanup and develop their vision for kind of the best
possible scenario. I don’t know why that is, but it’s been like almost
entirely impossible for us to find expert help for communities that
need that type of assistance.

This quote suggests that there might not be enough environmental
remediation and restoration experts in the local community to go around
and/or those who could provide expertise are difficult to connect with.

Indigenous Communities: Some EJOs are also engaged with indigenous
communities in the United States. One organization in New England
described the EJ struggles faced by indigenous communities. When we
specifically asked about the technical challenges they faced, the founder
of this EJO explained:

doing a survey across the country is one thing, but partnering with a
group that has a reservation or is working with indigenous groups
about land issues and environmental stuff, to me that’s powerful.

In other words, EJOs working with indigenous communities do see a
place for technical expertise in their work, but they want to see more
equitable collaborations with direct partnerships. It may be that our use
of snowball sampling resulted in a dearth of EJOs working with indig-
enous communities in our study. Regardless, we see a need for future
research to look more closely at the interests of indigenous communities
and how they might be different from other organizations in the United
States.

4.2.2. Methods to support EJO strategies
In discussing EJOs challenges as a function of topical areas, our in-

terviewees often brought up engineering and scientific methods and
approaches that could support the strategy used by their EJO. Often-
times, interviewees imagined these methods and approaches as being
useful in carrying out the strategy of the EJO. While the particularities of
deploying these methods are different for different kinds of engineers
and scientists, conceptually, they are the same regardless of engineering
or scientific expertise area.

Data Collection: EJOs recognize that scientific data is an important
source of support for their strategies to resolve environmental injustice
issues, particularly given the role of data in regulatory decision-making
(Jasanoff, 1990). EJOs also recognize that oftentimes, data important to
their cause might not exist, and that those data need collecting. As an
executive director of one organization that developed projects on
exposure to environmental pollution in New England explained, they
would like to collaborate with more experts but:

…  some groups need to take matters into their own hands and do
their own testing …  we’ve, we also often partnered with citizen
science organizations …  we’ve brought them in to train community
groups how to do their own air testing.

EJOs know that even without engineers and scientists it is still
possible for communities to begin their own data collection under the
concept of “citizen science” (Bonney et al., 2009). Communities may
desire to collaborate more with experts but if none are available they
might organize to collect data that speaks to their experiences. However,
EJOs are also well aware of the politics of scientific data collection,
including data standards for regulatory decisions that are difficult to
meet.

Data Dissemination: One key method mentioned repeatedly by the
organizations in our study is finding more expedient ways to engage

8 Interview #19 conducted on Oct. 17th, 2018.
9 Interview #36 conducted on Nov. 30th, 2018.

10 Interview #19 conducted on Oct. 17th, 2018.
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with the public through proper data dissemination. A very straightfor-
ward point about dissemination was made by a director working for an
EJO focused on education around the Appalachian Plateau: “You know,
relying on journalists to interpret studies, there’s just not enough of
them to go around.” From the director’s perspective, there is not just an
interest in experts on science and engineering, but also people who know
how to explain the complexities of these challenges to the general
public. Later on, when discussing their goals in the coming years he
explained that they also want to collaborate with those who can inter-
pret the large number of scientific studies already published:

…  like with mountaintop removal, we have links to many of the
studies and we don’t have them all distilled down. We had an intern
that was working on distilling some of them …  we have just like a list
of all the studies about mountaintop removal and human health.

While some EJOs may disseminate scientific information to the
public simply by creating lists of published studies, here we can see that
the director of this organization feels inundated with data relevant to the
issue that is affecting their community. They also could use in-
terpretations of that data in order to improve dissemination.

Data Analysis: EJOs also recognize the necessity to analyze existing
and new data to better understand the EJ challenges they face. For an
EJO that is connected to a larger nationwide network focused on edu-
cation about energy justice issues, data analysis needs to be not only
accurate, but timely. As a coordinator for the organization explained,
residents in the community they work with want someone to analyze
how much pollution will be emitted from a factory that received an air
quality permit and what it means for their health:

[I]t would be really helpful to work with somebody that could come
up with those answers quickly. As much as I love doing that kind of
research and kind of digging in and finding those things out, …it can
be really challenging …  to do all the other aspects of our work
whenever we have to do research in areas that we don’t specialize
in.

Even though this informant is connected to a nationwide network
that we would assume has more access to scientific expertise, they still
felt that their organization would benefit from being connected to a
wider network of scientists and engineers who could provide expert
analysis faster and more accurately than they could conduct that anal-
ysis themselves. Collaborating with technical experts is necessary for
EJOs because without it they have to sacrifice other aspects of their work
like engaging directly with the community. Here we should emphasize
that while those working in EJOs may be perfectly capable of under-
standing and utilizing science and engineering, or developing that
capability, they are also very aware that this expertise already exists and it
would save them a great deal of time to collaborate with those experts
rather than working on their own.

Spatial Analysis: A good example of where expertise could be bene-
ficial to an EJO working throughout the state of New York is in the field
of mapping and geographic information systems (GIS). While this EJO
tends to engage in collaborative projects, they also want to work with
cities that can demonstrate the spatial relationships that structure the
injustices in the communities where they work. As one program man-
ager for the organization said:

Those are the same exact neighborhoods that are experiencing the
concentration of brownfield issues, lack of wealth, high concentra-
tions of poverty, high concentrations of preventable health issues
related to air quality, water quality, exposure to environmental
contaminants, things like that. So, the GIS capacity is tremendous.

11 Interview #11 conducted on Oct. 3rd, 2018.
12 Interview #22 conducted on Oct. 18th, 2018.
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And cities just vary in their capacity to do GIS. Some have a
department. Some have one guy or one woman.

EJOs see spatial analysis and other visualization tools as powerful
modes of expression that are capable of changing the minds of people in
positions of authority. They recognize that GIS requires technical
expertise and if done properly could be instrumental in promoting a
successful project.

Online Platform Building: The final method to discuss touches on the
benefit for organizations to create an online presence to support EJ ac-
tivities. While EJOs might be good at engaging with communities, they
feel less comfortable trying to reach a global audience. There is an in-
terest in working with engineers and coders to help them build a website
that will make the story of their struggle easily accessible but perhaps
also allow others beyond the community to learn from their experiences.
For instance, the executive director for the organization that developed
projects on exposure to environmental pollution in New England
explained how they are sharing their experiences so that other groups:

don’t have to be as reliant on actual …  individual experts. So, one
example is our partnership with TERC,     a math and science edu-
cation organization, where together we developed our statistics for
action projects …  We have a lot of [resources] on our website, but
there’s also a national website that’s up called sfa.terc.edu.

Once again, we can see how some EJOs are engaging very directly
with the science and engineering that is behind the injustice they are
fighting. In fact, here they are innovating digital resources that will
ensure other EJOs are not so dependent on finding experts with which to
collaborate. The fact they built this website demonstrates quite clearly
that EJOs recognize the importance of science and engineering and that
there is currently a dearth of experts who can or are willing to support
their organization.

Networking with Experts: Some interviewees provided us with sug-
gestions about what could be done to help resolve the disconnect be-
tween community groups and engineers and scientists. Many informants
described how important it would be for engineers and scientists to
develop a method for networking experts together with EJOs. Similar
with the method of Online Platform Building, interviewees suggested
these solutions would require support from engineers and scientists
familiar with computer programming. For instance, a program manager
promoting climate justice issues through the media around Washington
D.C. mentioned an online networking application may be the best way to
solve this disconnect.

Eventually our hope is …  to develop …  a platform to connect com-
munities with those technical resources, whether that be an expert in
computer systems, computer science software, those kind of things,
or like, environmental monitoring experts, etc.

Our interviewees recognized that there are existing social
networking platforms for academics (i.e. academia.edu, ResearchGate),
but they are not amenable to supporting collaborations with organiza-
tions outside of academia. In other words, the development of methods
for networking experts with EJOs could be a powerful way to solve the
engineering and scientific challenges discussed in this article.

5. Discussion

As demonstrated by the success of projects implemented by AGU’s
Thriving Earth Exchange, AAAS’s On-Call Scientists, and Community

13 Interview #16 conducted on Oct. 16th, 2018.
14 TERC originally stood for Technical Education Research Centers, but the

company has legal changed their name to the acronym.
15 Interview #19 conducted on Oct. 17th, 2018.
16 Interview #1 conducted on Aug. 28th, 2018.
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Engineering Corps, engineering and scientific projects to address EJ
challenges in service of underserved communities and EJOs can be
scoped and executed with measurable impact. We are motivated to
understand how engineers and scientists can collaborate with EJOs and
address EJ challenges at larger scales. This is because, as our interviews
suggest, there is widespread desire on the part of EJOs to collaborate
with engineers and scientists, and, following Boucher et al. (2020), we
know there is reciprocal desire on the part of engineers and scientists.
Our exploratory research approach and findings are important to laying
the groundwork for this larger effort.

Our study systematically analyzed the perspectives of EJOs that use
strategies of engaging with policy, media, education, legal, and projects.
Our study also for the first time brings together the various themes of
topical areas and methods mentioned by the EJOs in our study, which
reflects narrower studies of EJOs on energy, climate, water, and land
uses (Njue et al., 2019; EWB-USA, 2020; Scheidel et al., 2020); envi-
ronmental impacts and monitoring (Conrad and Hilchey, 2011), con-
servation and GIS mapping (Kullenberg and Kasperowski, 2016), and
data management (Sharpe and Conrad, 2006; Newman et al., 2011).
Broadly, the results captured in Fig. 2 highlight how EJOs think about
the topical areas in expansive and intersectional ways.

What is unique from our analysis is what we find regarding how
different strategies taken by EJOs relate to the different ways in which
engineering and science might be useful for them (see Table E1 in
Appendix E). For example, a large majority of the EJOs mentioned a key
engineering/scientific challenge they faced was data collection. How-
ever, while 60% of the organizations employing a legal strategy wanted
to collaborate with more expert witnesses to testify for them, counter-
intuitively none of the policy-oriented organizations mentioned look-
ing for expert witnesses but instead were mainly concerned about data
collection. Our sample size of these different strategy-oriented organi-
zations is somewhat small, and thus our findings stimulate future work
on why policy-oriented organizations seem singularly focused on data
collection at the expense of recruiting more expert witnesses.

Further study could illuminate more robust trends in the kinds of
engineering and scientific expertise and skills necessary as a function of
EJO strategies. We note that the results captured in Fig. 3 provide evi-
dence that EJOs can benefit from a multitude of engineering and sci-
entific methods being at their disposal. In short, Figs. 2 and 3, E1, and E2
provide a framework for us to understand what kinds of engineering and
scientific expertise might be helpful to different kinds of EJOs. As
mentioned below, further research can leverage the framework provided
by these exploratory findings.

It has been said that EJOs engage with scientific and technical ex-
perts because of a perceived need to have increased credibility in order
for their concerns over environmental injustice to be resolved by regu-
latory change (Ottinger, 2010). This was not a common concern among
the organizations in our study. For most of the EJOs we interviewed,
technical expertise was primarily focused on completing a task or sup-
porting a project that would improve conditions in their communities.
This could be the result of our sampling, but regardless, this finding is in
itself important, because most previous studies have focused on a small
number of EJOs who may only engage in a single strategy to solve
environmental injustice in their community. This means there is still
ample room to innovate ways in which engineers and scientists could
provide benefit by collaborating with a wider variety of EJOs—and in
the words of Boucher et al. (2020), help create a field of collabo-
ration—and to do so in ways that critically engage with asymmetrical
power relations between engineers, scientists, and EJOs, and the dif-
ferential valuation of the technical knowledge that engineers and sci-
entists have versus the cultural and local knowledge EJOs have. (To this
point, while the scope of this paper does not allow for us to use all of the
data we gathered and analyzed through our interviews, we simply
highlight here that many EJOs shared stories with us about how previ-
ous collaborations with engineers and scientists were not successful.)
Overall, we tend to agree with Fernandez-Bou et al. (2021) that
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scientific research is most effective at solving environmental injustice if it
is able to leverage the local knowledge of residents living in the
community.

While our sampling size and approach reflects the exploratory nature
of our study, the themes that have emerged from our research lay the
foundation for future work that can take at least three paths: (1) More
qualitative depth into particular kinds of EJ groups (an example of a
research question could be: What are the data collection needs of EJOs
that address air quality challenges across the US?); (2) A broader
quantitative survey that could provide insight into the relative impor-
tance of each of the themes that have emerged (an example of a research
question could be: According to EJOs addressing water quality across
the US, what are the most important activities and skills engineers and
scientists bring to collaborations?); and (3) Understanding the trans-
ferability of engineering and scientific skills across topical areas iden-
tified by EJOs. For example, it might absolutely be the case that a water
quality engineer with expertise in data collection and analysis can
quickly learn and address the data collection and analysis needs of an
EJO addressing fossil fuel infrastructure. These paths together can
continue to build an action-oriented understanding of how engineers
and scientists can systematically help address EJ challenges at the scale
that these challenges exist.

6. Conclusions

EJ challenges are widespread, and will likely not be adequately
addressed at scale with scientific and technical interventions and col-
laborations that are piecemeal and focused on highly localized contexts.
We envision the building of strategic and systematic efforts to expand
the impact of engineering and scientific work done to address these
challenges that are the raison d’etre of EJOs. Such efforts may be moti-
vated by policy developments that may themselves be outcomes of the
efforts of EJOs. Our exploratory research builds on the history of EJOs
collaborating with engineers and scientists to address EJ challenges, and
pushes the possibilities for more of such work by creating a framework to
guide more systematic research and action to address the engineering and
scientific challenges of EJOs. The methods we identify can help inform
how programs run by professional societies and non-profits, like AAAS,
AGU, and Community Engineering Corps, can begin to classify the
projects undertaken under their auspices, and create more clarity for
engineers and scientists on how more of them can be involved in such
work.

Facilitated by increasing their ability to engage across asymmetric
power relations with EJOs, investments by engineers and scientists in
the methods and the topical areas illuminated through our interviews
can serve EJOs across strategy type. Through collaborative work with
EJOs that leverage the skills, perspectives, and knowledge that engi-
neers and scientists have deployed readily for decades in more typical
contexts for them, engineers and scientists may also learn to improve
their scientific and environmental communications to center equity and
justice (Polk and Diver, 2020), thereby increasing the social relevance of
technical work. Importantly, by scoping the scientific and engineering
challenges of EJOs as we have done here, we ensure the transferability of
knowledge gained, so that other EJOs and by extension EJ communities
facing similar challenges can benefit.
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