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Abstract
With the goal of exploring the engineering and scienti�c challenges of environmental justice organizations (EJOs), we present the results of 47 interviews with
representatives of US-based EJOs. Methodologically, we use a deductive-inductive approach to identifying salient categories in the interview coding process.
We identify a structure of three overarching themes for potential interactions between EJOs and engineers and scientists: (1) organizational goals; (2)
engineering and scienti�c challenges; and (3) experiences with engineers and scientists. Our �ndings reveal a breadth of EJO goals and myriad engineering
and scienti�c challenges ranging from community development, clean and just energy transactions, climate change adaptation, and water and air quality
monitoring. We also �nd activity-based opportunities for engineers and scientists like data collection, management, and analysis; online platform building; GIS
mapping; and causation analyses. We �nd that engineers and scientists could help bridge the culture gap between them and EJOs and help build a �eld of
collaboration by: a greater mindfulness of local contexts; building relational rapport and trust; moving beyond narrow technical solutions; identifying low-cost
accessible solutions; and receiving unconscious bias training. To our knowledge, this study is unique by its provision and assemblage of—in one place—the
myriad ways engineers and scientists might work with EJOs to address the challenges of environmental, energy, and climate justice.

Introduction
Little is known academically about environmental justice organizations’ (EJOs) engineering and scienti�c challenges and their experiences with engineers and
scientists. We do know that there are engineers and scientists (E&Ss) who are interested in and have worked with EJOs (Ottinger and Cohen 2011; Boucher et
al. 2020). There are organizations like the Union of Concerned Scientists (UCS 2020) and the Engineers Without Borders’ Community Engineering Corps (EWB-
USA 2020a) with speci�c interests in community and justice issues. Professional organizations have created engagement opportunities for E&Ss to work on
community issues (AAAS 2020; AGU 2020) and individual scholars have made calls for greater social responsibility (Bielefeldt 2018), more community-driven
research (Pandya 2014), and a new social contract for the �elds of engineering and science (Lubchenco 1998; Gallopín et al. 2001). These initiatives and calls
appear to have brought greater recognition to the cause of engineering and science to address environmental justice challenges in communities.

There can be, however, limited understanding of community perspectives in these contexts. For instance, in proposing a “�eld of collaboration” between
engineers, scientists, and community groups, Boucher et al. (2020) do not study EJOs themselves, but quantitatively survey E&Ss to understand their
incentives, barriers, and potential related to community collaborations. Research conducted on Engineers Without Borders often focuses on student members,
their motives and experiences (Litch�eld and Javernick-Will 2015; Litch�eld et al. 2016; Litch�eld and Javernick-Will 2017).

To be fair, there are numerous calls for a greater understanding of a community’s perspectives on their engineering and scienti�c challenges. For example, in
the context of international development, observers have pointed to the lessons learned from community voices when community ownership of a project is
not achieved (EWB-USA 2017). There are also calls for enhanced processes of “co-creation and co-design,. .. through local input” and community consultation
(EWB-UK 2020) (co-creation and co-design are processes whereby concerned communities are directly involved in identifying, troubleshooting, and resolving
their own challenges). Moreover, there is often a vigilance that asks whether projects are properly community-driven and whose voices are being left out
(Dietrich 2014). After such repeated compromised experiences, Engineers Without Borders (EWB-USA 2020b, c) has implemented a policy whereby they do not
initiate contact with communities, but require communities to �rst contact them. The intent of this policy is to generate longer lasting solutions to community
challenges by moderating the tendency of E&Ss to approach communities in a top down or colonial fashion.

To date, the open-source, international, EJAtlas (Martinez-Alier et al. 2014; Temper et al. 2015; EJOLT 2020) is the most comprehensive, real-time collection of
global EJOs available. It has been designed and de�ned as a tool for “activism, advocacy and scienti�c knowledge” (Temper et al. 2015, p. 255). However, it
primarily focuses on environmental con�icts, their categorization, and their historical and political contexts. As a complement to the EJAtlas, our present study
focuses on the engineering and scienti�c challenges of EJOs in the context of the United States (US). We also identify, from a qualitative, grassroots
perspective, the goals of these EJOs and their experiences with engineers and scientists.

We begin this study in Sect. 2 by reviewing what is known about the engineering and scienti�c challenges of EJOs. In Sect. 3, we discuss our method for
analyzing 47 interviews with representatives of EJOs in the US. In Sect. 4, we describe our �ndings regarding EJO goals, technical challenges, and experiences
with E&Ss; in Sect. 5, we discuss our �ndings and their relation to the literature. In Sect. 6, we conclude and offer recommendations on the constructive ways
that E&Ss might collaborate with EJOs in the US.

Review Of The Literature

2.1 De�ning Environmental Justice Organizations (EJOs)
We consider EJOs to be a type of community-based organization (CBO). We de�ne community as a group of people—networked or otherwise—connected by a
common interest or effort, or a stake in a particular resource. The CBO is itself a type of community. It may have members, staff, and persons who identify
themselves as part of it. The CBO may also have legal status as an organization, like a nonpro�t, and may have a particular vision or mission to address an
issue in the broader community. For our purposes, the primary difference between an EJO and a CBO is the EJO’s more critical focus on issues of
environmental justice (EJ)—a movement (e.g., activist, academic, or legal) seeking to address the disparate social distribution of environmental bene�ts and
burdens.

To more clearly de�ne the key terms of this study, Fig. 1 offers a visualization of their interaction. There are two large spheres representing “the community”
and “engineering and science.” As we consider that much of engineering and science is not involved in addressing the environmental challenges faced by
communities, we conceptualize a limited “space of interaction” where engineers and scientists might be addressing particular community challenges. We
consider both the EJO and the CBO to be representatives of the larger community, but not necessarily speaking for the whole (INCITE! 2017). Though �rmly
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embedded in the community, both the EJO and the CBO have interactions with engineering and science, but the EJO has a more concentrated focus on
environmental issues.

As Martinez-Alier et al. (2014) assert, EJOs do not arise from something read in a book or a report; they arise from concrete experiences 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). As the EJAtlas attests (Temper et al. 2015; EJOLT 2020), there are EJOs all across the world arising in response to
environmental, climate, and energy challenges.

We identify three fundamental and entangled dimensions related to the purposes and functioning of EJOs can be identi�ed: political, socio-environmental, and
organizational. The political dimension refers to EJO struggles with powerful entities over environmental bene�ts and burdens; the socio-environmental
dimension refers to the interaction of those bene�ts and burdens in a community setting; and the organizational dimension refers to the daily operations of an
EJO as a type of business (e.g., organizing people, campaigns, communications, perhaps fundraising, etc.). Though this study primarily focuses on the socio-
environmental dimension as this is where we perceive engineering and scienti�c resources might be best applied, we do not intend to be dismissive of the
political and organizational dimensions. For instance, it is not uncommon for EJOs to be politically engaged in environmental con�ict (Temper et al. 2015;
EJOLT 2020)—disputes over environmental bene�ts and burdens—and EJO members to be considered environmental defenders (Ghazoul and Kleinschroth
2018; Scheidel et al. 2020). Said defenders can work under great personal threat and, internationally, some have been murdered or assassinated (UNEP 2018),
like Chico Mendez in Brazil in 1988 (Martinez-Alier et al. 2014) and Berta Cáceres in Honduras in 2016 (Lakhani 2020). A review of the EJAtlas �nds that 13%
of the registered environmental con�icts involve assassinations (Scheidel et al. 2020, p. 5). EJOs, then, can be a threat to the daily operations of extractive
industries and the governments that enable these industries. Consequently, an engineer or scientist’s involvement with an EJO may be a source of tension for
both the E&Ss involved and the engineering and scienti�c �elds themselves; in other words, many E&Ss undergird the design and functioning of, for example,
an extractive industry.

2.2 In what sectors might engineering and science interact with EJOs?
In a typological analysis of 2,743 environmental con�icts registered in the EJAtlas, Scheidel et al. (2020, p. 6) �nd that 21% of the con�icts are related to
mining; 17% related to energy and climate issues; 15% related to biomass and land uses; and 14% related to water management. Figure 2 illustrates the
“occurrence of types of environmental con�icts across world income regions” (Scheidel et al. 2020, p. 7) and suggests that environmental con�icts—and
therefore EJOs—in the US (as a high-income country; bottom row) may be related to energy and climate issues, infrastructure projects, industrial zones, mining,
and nuclear power. In a type of complement to this typology, the Community Engineering Corps (CECorps) primarily works on issues of water supply,
structures, civil works, energy, and agriculture (EWB-USA 2020a). These areas, though, are not framed as related to “environmental con�ict,” but what the
CECorps (2019) calls “community-driven projects.” Moreover, these projects are primarily initiated by non-pro�t organizations (secondarily by local utilities and
thirdly by municipalities) and, aside from their staff, the CECorps is an all-volunteer organization. There are also documented case studies of technical experts’
encounters in environmental justice and their potential for scienti�c transformations due to community interactions in issues of health, energy systems,
pollution exposure, risk assessments, and pesticides (Ottinger and Cohen 2011).

2.3 The socio-environmental dimension: Community-based monitoring and citizen
science
From a very limited selection of the socio-environmental dimension, we de�ne the EJO as the space where people are affected by and consequently react to
the experience of an environmental hazard or burden. This experience can be cited as the issue that brought the EJO into existence (Martinez-Alier et al. 2014).
An example of this in the US can be found in EJOs like the Center for Environmental Health and Justice (CHEJ 2019), an organization that grew out of the
Love Canal disaster. The CHEJ was mostly founded by Lois Gibbs who started organizing residents after learning that her children were not the only ones who
were sick from living in an area contaminated by toxic waste (Gibbs 2002, 2011; Livesey 2003; CHEJ 2019). Another example of an EJO originating from
environmental experience is Moms Clean Air Force. “Moms” de�ne themselves as “a community of moms and dads united against air pollution. .. to protect
our children’s health” (MCAF 2020). They work on issues created by fracking and methane release, smog, and asthma, to name only a few. They also �ght
against contamination caused by other toxic chemicals and related health issues. Much of their work is in the political (e.g., voting, lobbying, and policy)
dimension. However they also work in education, creating and disseminating fact sheets, and, with chapters across the US, they also work in community
organizing (MCAF 2020).

Notably, there is a large and associated area of the literature that engages scienti�c and engineering knowledges that is referred by different names: citizen
science, community-based ecological (or environmental) monitoring or, for short, community-based monitoring (CBM). As this literature primarily recounts
approaches to environmental monitoring that are not initiated by the community (Conrad and Hilchey 2011), we �nd the acronym CBM more accommodating
than citizen science, which tends toward the recruitment of public participants to be involved in research projects initiated by others (Kruger and Shannon
2000; Conrad and Hilchey 2011).

There have been numerous reviews of this large and unwieldy literature [37, 39–42]. For instance, regarding ecosystem impact assessments, Conrad and
Hilchey (2011, p. 276) identify three types—status assessments, impact assessments, and adaptive management—which can apply to different aspects of an
ecosystem, like species diversity or a nutrient cycle. Regarding focal points of citizen science, Kullenberg and Kasperowski (2016) identify three areas: (1)
biology, conservation, and ecology (e.g., data collection); (2) geographic information research; and (3) social sciences and epidemiology.

Njue et al. (2019) review 71 articles (from 2001 to 2018) regarding monitoring in hydrology and �nd that it mostly focuses on water levels/�ow, water quality,
and precipitation; monitoring approaches, though, mostly involve data collection. However, the studies reviewed differed in their “scale, scope and degree of
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citizen involvement” (Njue et al. 2019, p. 1). Njue et al. (2019) also argue for more co-created projects between researchers and publics in order to augment the
“sustainability of monitoring networks.” Notably, CBM can be used for educational purposes (Bonney et al. 2009), but proper training in the science of
monitoring—related to a particular issue—is critical to data quality (Sharpe and Conrad 2006; Aceves-Bueno et al. 2017). There is also evidence of data
management issues due to the volumes of collected and available data (Sharpe and Conrad 2006; Newman et al. 2011). These can pose a particular
challenge to organizations that desire to both make sense of their data and share it with a spectrum of interested networks and concerned stakeholders.
Finally, scholars (Sharpe and Conrad 2006; Buckland-Nicks et al. 2016) have noted the qualities of successful CBM groups and emphasize the importance of
adequate long-term funding, strong communications, and a supportive volunteer program.

2.4 Undone science and experiences with engineers and scientists
CBM has the capacity to produce engineering and scienti�c knowledge in areas that might otherwise not exist and this engages another area of the literature
called “undone science”: areas of science and engineering that have been, purposefully or not, glossed over and unfunded (Hess 2007; Frickel et al. 2010).
Frickel et al. (2010, p. 445) argue that these undone areas are the result of an “institutional politics of knowledge” where funded endeavors are politically
constructed in accord with the powers that dominate research priorities that serve commercial actors in a narrow, for-pro�t marketplace (Mirowski 2011; Lave
2012). Such “dominating powers and priorities” have already been evidenced in the global EJO database and the environmental con�icts reviewed in the
EJAtlas (Temper et al. 2015; Scheidel et al. 2020). Regarding market dynamics, then, critical research and technological development of “potentially broad
social bene�t” are left unidenti�ed (Frickel et al. 2010, p. 445). Here, we presume is where EJOs and CBM groups are making efforts to �ll these knowledge and
social bene�t “gaps” and we venture that engineers and scientists ought to be more engaged in these efforts. We are aware though that most engineers and
scientists are wholly captured within their particular niche of work in this dominant, for-pro�t marketplace of knowledge (Mills 1956; Kunda 2009). The NSF
(2017) posits that over 70% of engineers and scientists in the US are employed in business or industry.

This “market gap” then may help explain why there is very little literature on the experiences of EJOs with E&Ss, e.g., their engagements, collaborations, and
recounted experiences. In other words, views from what the literature calls “community perspective.” There are two studies though—from the EJO/community
perspective that evaluate experiences with E&Ss—and both emphasize the importance of mutual trust; respect of local culture and knowledge; clear
communications; and community involvement in the interpretation and dissemination of data (Pivik and Goelman 2011; Lesen et al. 2019). Lesen et al. (2019,
p. 1) also mentioned the importance of meeting communities at their level; staying aware of power dynamics; and “incorporating theories and practices that
center critical re�ection.” Pivik and Goelman (2011, p. 271) added the importance of having adequate time; regular meetings; a shared commitment in decision
making and goals; and a memorandum of understanding is also helpful to enhancing researcher interactions with community-based groups.

2.5 Research questions
This review gives insight into the engineering and scienti�c challenges confronting EJOs, globally, and some responses via environmental monitoring in the
US. However, as much of this literature is based on research that was not initiated from a community base, it only partially illuminates those engineering and
scienti�c challenges. Consequently, there is something of a knowledge-gap regarding the EJO perspective on their engineering and scienti�c challenges, and
such knowledge might form the basis of a new approach and/or tools for collaborations. Thus, we ask: What are the goals and the engineering and scienti�c
challenges of EJOs in the US, and what have EJO experiences working with engineers and scientists?

Methods And Data
Informed by these literatures, we conducted a US-wide search for EJOs, broadly construed (i.e., environmental, energy, or climate justice organizations), with
the aim of exploring what engineers and scientists could learn from these organizations: about their goals, engineering and scienti�c challenges, and their
experiences with E&Ss. We tried not to focus on one particular issue area, but broadly surveyed in order to identify areas for possible engineering and scienti�c
collaborations.

First, we identi�ed EJOs working on EJ issues and compiled a database through three methods: internet searches, institutional networks (like the National
Environmental Justice Conference and the O�ce of Environmental Justice at the US EPA), and snowball sampling. We also used an IRS search for registered
501(c)(3) organizations using the terms “environmental justice,” “climate justice,” and “energy justice.” After this, we had over 3,000 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 a�liated materials. Groups who did not substantially focus on the disproportionate impacts of environmental problems on
different populations were not included. For example, our search often included conservation groups who were concerned about biodiversity conservation,
which we did not classify as EJ when it did not connect to human impacts. Secondly, 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. Thirdly, we parsed the EJOs into four types: small, medium, or large non-pro�t, and community group. These designations were
determined by the group’s incorporation as a non-pro�t and the size of the organization (based on interview questions). For example, small non-pro�ts have
�ve (5) or less paid staff, medium have between 6–20, and large have more than 20 paid staff. Lastly, we emailed the listed persons/contacts at least three
times. Those who responded were asked if they could 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 with a $75 incentive, we conducted interviews with 47 different groups between October 2018 and
May 2019. Interviews lasted between 30 and 90 minutes, were conducted by phone, and recorded for analysis. We conducted semi-structured interviews that
focused on key questions (see Appendix).

Regarding coding, we used a deductive-inductive approach to categorize organizational goals and challenges into broad focal areas where engineering and
scienti�c expertise might be desired. This deductive portion aligns with what some call a Framework (Srivastava and Thomson 2009; Gale et al. 2013) or
Template (Brooks et al. 2015) Analysis. We then “�lled in” these templated areas by coding in the manner of Grounded Theory (Glaser and Strauss 1967;
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Strauss 1987). A team of three analysts coded the interviews and a code book was created. As our ultimate goal with this study is to connect these and all
EJOs with desired engineering and scienti�c resources, we also categorize EJO experiences with E&Ss to explore questions about future collaborations. In
reporting our results, we use the gender-neutral terms “them/their.”

Notably, a particular narrative script may contain more codes than one. In other words, there are many times that codes are related to others and are
categorized in multiple ways. Regarding limitations, as with most qualitative studies, these �ndings are not broadly generalizable though they offer a rich
insight in the particulars of our sample.

Results
Before reviewing the qualitative results of our interviews (n = 47), we �rst review some descriptive statistics of the sample. Table 1 assembles some of the
more pertinent self-identi�ed attributes of the EJOs that participated in this study. As Table 1 is fairly detailed and self-explanatory, we only call attention to
some more salient attributes: that (1) the great majority of EJOs (about 81%) identi�ed and were registered as non-pro�t organizations—primarily 501(c)(3);
47% of our respondents identi�ed as the Executive Director; and 41% of these EJOs resided in the Northeast region of the US. Notably, the term Community
Group (in this instance) is used for the EJOs that were not registered non-pro�ts and respondents identi�ed them as: a “community group/organization,” “a
coalition,” “a task force,” or “a grassroots campaign.”

Table 1
Descriptive frequency data for interviewed

environmental justice organizations (EJO; n = 47).
Attribute Frequency Sample Count

Type of EJO    

Small Non-pro�t 32% n = 15

Medium Non-pro�t 32% n = 15

Large Non-pro�t 17% n = 8

Community Group 17% n = 8

Other 2% n = 1

Respondent Role    

Executive Director 47% n = 22

Manager/Director 21% n = 10

Organizer 19% n = 9

Communications 6% n = 3

Other 6% n = 3

US Region    

Northeast 40% n = 19

Paci�c 23% n = 11

Southeast 19% n = 9

Midwest 13% n = 6

Rocky Mountain 4% n = 2

Sample Totals 100.0% n = 47

 

4.1 Organizational goals
In Table 2, we categorize the sociopolitical goals—main issue areas—of the (n = 47) EJOs. These are listed in descending order of count, i.e., if mentioned by an
interviewee. These categories seemed to appropriately cluster and signify the EJO’s main issue areas (as scripted by our respondents). The issues listed in
parentheses more speci�cally represent the responses from our respondents themselves. This is the same format for all the following tables below. As seen,
the sociopolitical goals in Table 2 run a range of issues from environmental, climate, and social justice to community building and political engagement.
Notably, some goals overlap with some of the others and EJOs often have multiple goals, which is why the total count of goals is larger than the number of
EJOs themselves.
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Table 2
Sociopolitical Goals (n = 47)

Sociopolitical Goals Count

Environmental and Climate Justice (e.g., combatting fracking, cleanup and restoration, clean energy) 23

Community Building (e.g., providing practical resources and services to our communities) 20

Political Engagement (e.g., lobbying, encouraging votership, policy making) 14

Organizing (e.g., establishing organizational presence, membership, local and national engagement) 12

Social Justice (e.g., reproductive justice, accessible food, immigration justice, workers’ rights) 11

Education (e.g., environmental and climate science, watershed education, presentations on climate change) 10

Research (e.g., shale gas monitoring, particulate pollution health impacts, annual polling) 9

Total 99

 

When analyzing the goals of these EJOs, we identi�ed a difference between an end-goal and a means to that end, and sometimes an overlap between the two.
For instance, many talked about education as a goal, but it was also a means toward a greater goal like raising the consciousness of their community
stakeholders. Consequently, we coded items like ends and means as goals if respondents did mention them as such.

We also note that a majority of goals were not related to the more traditional understandings of engineering and science, but more toward issues like
community development, political engagement, and community organizing. These types of goals, then, might be a better �t for community organizers,
educators, lawyers, lobbyists, fundraisers or some other form of resource-based support.

4.2 Engineering and scienti�c challenges
Table 3 and Table 4 depict our categorizations of the engineering and scienti�c challenges identi�ed by our respondents. In a more topical categorization
(Table 3), our respondents said that their engineering and scienti�c challenges were primarily in the areas of community development, food and agriculture,
public and environmental health, clean and just energy transitions and others. In Table 4, we recategorize the same set of engineering and scienti�c challenges
with a focus on the methods and activities to address these challenges, which are useful independent of topical matter. As seen, these can include activities
like data collection, online platform building, data dissemination, data analysis and mapping. These types of activities can be helpful to organizations
independent of whether the data, for instance, is related to air or water testing, or climate change or land use issues.

Table 3
Topical categorization of respondent identi�ed engineering and scienti�c challenges (n = 47).

Topical Areas Count

Community Development (e.g., economic development, education, engagement) 40

Food and Agriculture (e.g., access to healthy foods, hemp farming support, agricultural contamination) 37

Public and Environmental Health (e.g., environmental justice dashboards for cities, health impacts, lead testing) 34

Clean and Just Energy Transitions (e.g., energy burden, microgrids, and energy storage) 32

Climate Change: Adaptation and Resilience (e.g., emergency preparedness, heat resilience, natural disaster risk) 32

Computer Science and Programming (e.g., user conscious interface, apps for data collection, online platform building) 28

Water Quality (e.g., coal ash contamination, resource use) 27

Air Quality (e.g., greenhouse gas emissions, fugitive emissions, air monitoring) 26

Urban Planning and Infrastructure (e.g., brown�eld redevelopment, tra�c engineering, stormwater management) 22

Land and Soil Quality (e.g., site cleanups, soil testing, land�ll impact analysis) 15

Environmental Sciences (e.g., ecology, marine science, bioremediation) 12

Fossil Fuel Infrastructure (e.g., clean-up of mining, mountaintop removal, superfund sites) 9

Environmental Restoration (e.g., reforestation, coral restoration, coastal plant restoration) 6

Waste Management (e.g., recycling, waste auditing, zero waste) 4

Other Topical Areas (e.g., Indigenous issues, advocacy, and lobbying) 37
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Table 4
Engineering and scienti�c challenges categorized by generalized methods of work and activity (n = 47).

Methods and Activities Count

Data Collection (e.g., collecting evidence, quantitative data collection, qualitative data collection) 37

Online Platform Building (e.g., building online data portals, website, and developing user interfaces) 25

Data Dissemination (e.g., sharing data, publishing data, making data publicly accessible) 25

Data Analysis (e.g., assessment tools, data interpretation, sample analysis) 23

Mapping (e.g., fracking, zoning changes, air quality) 22

Research formulation and framing (e.g., creating a study, participatory action research, distilling literature) 21

Complexity Analysis (e.g., intersectional energy burdens, disproportionate impacts,) 18

Causation and correlation analysis (e.g., understanding evidence, use of independent labs and researchers, uncovering root causes) 12

Data Management (e.g., running a database, management tools, accessible data) 10

Mobile Application Development (e.g., web-based air monitoring, community resources, citizen engagement) 8

Expert Witness Testimony (e.g., expert evidence, expert support in court, expert endorsement) 8

Social Scienti�c Analysis (e.g., related to poverty and environmental justice, religion and environmental justice, race, and health outcomes) 6

Technical Needs Evaluation (e.g., evaluating unknown impacts, proactive testing, needs analysis) 4

 

Although the categorization of goals and challenges confronting an EJO is helpful to identify potential areas of collaboration or undone science, such
categorization—as a sorting process—comes with the shortcomings of “forcing” issues into categories of which they may not “perfectly” �t, and may thus
offer too simplistic a view of an issue and especially the multidimensionality of an issue area. We illustrate this dynamic with two quotes:

First, the Director of Capacity Building at a mid-sized, Northeast non-pro�t describes how history, air-and-water quality issues, land uses, GIS mapping, health,
and a shortage of human capacities intersect with each other.

GIS is a really critical thing to really demonstrate,. .. even historical injustice, if you overlay maps of redlining for housing and capital and �nancing. Those are
the same exact neighborhoods that are experiencing the concentration of brown�eld issues, lack of wealth, high concentrations 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. And cities just vary in their capacity to do GIS. Some have a department. Some have one guy or one woman.

In this next quote, the Community Education and Outreach Coordinator from a Midwest, community coalition relates how another collection of issues and
challenges intersect in their city.

I think related to the air monitoring over the last twenty years,. .. the community has requested more air monitors in a variety of situations. .. Not only air quality
but noise and road quality and dirty land, all of that environmental agenda. .. we lead the state. .. We’re the epicenter of childhood asthma in the state. ..
Pollution causes diabetes and other issues. Black women are losing babies at a rate of a Third World country here in the city. .. They did a report about a year
and a half ago and parsed-out different industries or facilities and their impact.. .. But the impact analysis from the data and from both pollution data and
health data, the impact,. .. is equivalent to $1.2 million in health effects per year.

In these two excerpts, these respondents script examples of multidimensional challenges—beyond a traditional or simple understanding of an engineering or
scienti�c issue—and these excerpts also show how their qualitative categorization is itself a challenge.

4.3 Experiences with engineers and scientists
In this section, we review three inductively identi�ed themes and 13 categories regarding our respondent’s narrated experiences with engineers and scientists.
This section is outlined in Table 5 where we have also included the count that these categories occur in the (n = 47) interviews.
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Table 5
Descriptive frequency data for coded categories from interviews.

Categories Sample Count

1. Advantages of working with engineers and scientists n = 47

a. Experts share technical resources and information n = 44

b. Social networking n = 28

c. Engineers and scientists strengthen the validity of data n = 15

2. Challenges of working with engineers and scientists n = 47

a. Need to pay for services/funding issues n = 42

b. Time challenges and scheduling issues n = 35

c. Cultural bias  

d. Science communication n = 33

e. Restrictions on politically charged language/ideology and salience of scienti�c evidence n = 16

3. Better practices for collaboration with EJOs n = 42

a. Mindful of local contexts; start where people are n = 30

b. A built relationship, community rapport, trust, commitment, dialogue and feedback n = 29

c. Moving beyond technical solutions n = 23

d. Identifying low-cost accessible solutions n = 7

e. Unconscious bias training n = 5

Sample Total n = 47

 

4.3.1 Advantages of working with engineers and scientists
Experts share technical resources and information. There were many times that respondents recounted the advantages of working with engineers and
scientists; this theme was present in all of our interviews. We have parsed this theme into three main categories. The most salient of these categories is the
way engineers and scientists (or particular sorts of experts) are seen as a source of information and technical resources. This can include insights on an issue
or policy; providing scarce skills, tools, and best practices; community mentoring and the training of citizen scientists; information on possible funding and
grant opportunities; causation analyses; and being an expert witness in court. Some of these types of resources can be identi�ed in the quotes we have
provided below.

For instance, the Chief Venture O�cer of a large, Northeast non-pro�t explained some of their relations with area universities and institutes by saying, “We
de�nitely have experts in the �eld that have given us white papers, have even come to present [to us], and we know [the] recommendations of what needs to
happen.” In a longer quote, an organizer of a large, Northeast non-pro�t recounts the importance of a soil expert and even the right testing equipment to
educate city residents living in contaminated areas. There is also mention of supporting a community in “�guring out how they go through their own �ght.”

different agencies who do soil testing for folks,. .. [we] hosted some of those. .. so people can get their soil tested. .. Super important, especially in cities, older
cities; there's a lot of land contamination that. .. [people] won't understand what that means,. .. ‘How much contamination is level for concern? What kind of
crops you can still grow if you have contaminated soil? And what precautions you need to take?’ Those types of experts,. .. we've had [them] here in order to
support our community in �guring out how they go through their own �ght.

Regarding the desire for mentoring, another respondent, the Program Director of a small, Midwest non-pro�t said, “Well, what I would say is, if we got this grant
or something like it, if we could link up college students as mentors with scientists, wouldn't that be fabulous?” Still, another interviewee, a Staff Attorney at a
small, Paci�c non-pro�t, described their challenges to “�nd people,” but also the bene�ts of an “expert witness.” They explained, “There hasn't been a way that
I'm able to �nd people, but having expert witnesses who can testify at trial is really important for what we're trying to do in a variety of �elds.” What can be
seen in a few short quotes—and there were others—is the way an engineer, scientist, or particular expert can provide invaluable information, resources, and
even opportunities for an EJO.

Social networking. Related to the sharing information category is the value of social networks and networking. For example, �nding the right people and/or
partnering with others is helpful for gaining more information, resources, mentors, or an expert witness. There are two ways that social networks were utilized
by EJOs: (i) connecting with a new E&S through an existing network and (ii) expanding one’s networks through an E&S contact. In this excerpt, after asking an
HR and Finance Specialist at an large, Northeast non-pro�t how they found a particular expert, they mentioned their own networks:

Through networks. .. we reach out to them because. .. that was a need. Last summer,. .. there was a news article about the neighborhood that our main site is
located in; it was talking about lead contamination and it was sort of clear that. .. we didn't have a lot of information. The article just like promoted fear.
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[Laughs] So for us, that was like, okay, we need to have these experts come in here and be our resource for the community so they know more.

This excerpt also emphasizes the importance of obtaining needed information and especially regarding lead contamination so community members can
“know more.”

As mentioned, E&Ss are not only helpful in themselves, but may also have connections to other connections and possibly helpful people. As something of a
network of networks, this point is emphasized in a quote from a Director of a mid-sized, Northeast non-pro�t:

we're plugged in with the association, American Society of Adaptation Professionals.. .. They run the National Adaptation Forum, which is a bi-annual
conference, and other networks that were involved with the Army Corps of Engineers run something called Silver Jacket Network, which tries to bridge multiple
federal agencies, state agencies and local stakeholders.

We note that social networking is often related to the limited human resources of an EJO and their consequent desires for assistance. Networks can also
re�ect desires to create partners from the more local to the national level. Finally, some EJOs shared that they do not know how to �nd or work with E&Ss and
this lack of access is related to cultural bias, a category that we discuss below.

Engineers and scientists strengthen the validity of data. Respondents mentioned that E&Ss have a capacity to strengthen the validity of data just by their
vetting or their being present in representing it. This can be framed as a type of symbolic or cultural capital. (Expert witnesses, as already mentioned above,
can also be framed as symbolic capital). For instance, in what might be called habitat biology, an Executive Director of a large, Northeast non-pro�t asserted
that:

telling a story that building a green roof is going to create habitat for bats and pollinators and birds is a good story, but having a biologist out measuring it and
quantifying it pushes that work to a whole new level.

Here, then, it is seen how a biologist can take “a story” to a place that a non-biologist cannot. There is, however, something of a double-edged sword to this
validating capacity. For instance, some respondents mentioned how experts can represent the companies they are �ghting against and how this
representation can help to validate certain environmental injustices, which is seen in the following quote by a volunteer at a mid-sized, Midwest non-pro�t:

there's a professor at [the local university] who is heading up the committee to push the petrochemical crap [here] and [the community is] not very fond [of the
professor as they] actually got $100,000 grant to study the economic development issues, how wonderful this is going to be. .. . [And there’s another nearby
college with] an oil and gas program and engineering program. One of the few in the country. So, they're de�nitely pro oil and gas. It's hard to get people that
work in environmental departments that are willing to come out and be quoted or even go on the record as being anti-oil and gas—when you work for a
university, it could mean your job.

The issue of professional risk is also subtly mentioned by this respondent and this is related to another category below: the challenges related to politically
charged language and issues.

4.3.2 Challenges of working with engineers and scientists.
Need to pay for services/funding issues. There were a number of challenges that our respondents cited in working with E&Ss with the greatest being related to
funding and the need to pay for an E&S’s services. This was an extremely salient code—in nearly all the interviews—and was often scripted as critical to daily
operations. Related to this, an Executive Director at a mid-sized, Southeast non-pro�t emphasized payments and the quality of an expert’s services rendered.
They said,

most experts need to make a living and so the projects that they naturally turn to are the ones that can pay them at least a minimal amount. So, the problem
is, free experts, you tend to get what you pay for.

In other words, if an EJO is unable to pay an adequate amount, they may not get the quality of work or expertise they want. There is the implication that
certain experts cannot be afforded. Adding to this, some respondents said there was unequal treatment in the way larger payments from a particular grant, for
instance, were given to academics rather than to an EJO.

Time challenges and scheduling issues. Challenges with time were very salient issues for our respondents. Challenges with time were framed in three different
ways: (1) the understanding that community-oriented E&Ss were in high demand and, thus, access to them was a challenge and, even then, they might only be
available for short-term visits/projects (e.g., one academic semester). (2) EJOs themselves were challenged with time and their own issues of limited access
and availability. EJO members also had jobs and families, and limited human resources. (3) Respondents also mentioned that working with E&Ss was itself
time consuming. Each of these time issues can be discerned in the two quotes below from two different respondents: an Organizer from a mid-sized,
Northeast non-pro�t said,

it's tough because the academic world and technical partners are working the nine-to-�ve, Monday through Friday, and residents and the people that we want
to be included and seated at the table have their day job.

Another respondent—the Founder of a Southeast, community group—detailed some group and personal challenges saying, “The problem for me is that I don't
have [time]; I'm only one person. So being one person and trying to do all that, it’s just a bit messy”.

Cultural bias. The category of cultural bias is complex and has great breadth. For instance, it includes the way E&Ss might speak or behave inappropriately for
a collaboration, how their narrow views can cause frustration for others, and how they might excessively rely on a particular skill while being ignorant of other
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issues, e.g., policy implications, gender and race dynamics, and how to be a team-member. E&Ss can also lack awareness of issues in the local context and
how communities and community members are experts in their own experience. E&Ss have also been known to disrespectfully extract data and information
from communities without reporting back on their �ndings. For some of our respondents, such behaviors could terminate relations with an engineer or
scientist. In short, the lack of broader cultural understandings and behaviors on behalf of some E&Ss is problematic for EJOs. Many of these issues are
highlighted in a longer quote by the Executive Director of a Midwest, mid-sized non-pro�t:

we've got a couple of engineers on our team to help us select our [solar] installer and all they care about is the engineering. They're. .. not very adept at
understanding the equity implications and, can I say, been ignoring the implications.. .. They just seem to have a one-track mind in a way that's super
frustrating.. .. [Moreover,] what we need them to do is literally be trained on how not to be a mansplainer. I'm dead serious.. .. They need hours. .. of training
about how to sit with young people and share their knowledge without dominating.. .. then you need to have unconscious bias training. .. Engineers are good
at following instructions, right? So, if they can have a set of guidelines about how to behave, it would be just fantastic.. .. I don't know. Teaching white male
engineers, I'm thinking about my father. .. an environmental lawyer, I can only spend so many hours, so many minutes with him before he has just lodged into
his ‘go on telling me how the world works’ and I'm just like,. .. allergic to it.

Science communication. Related to cultural bias is the issue of science communication. These are the challenges that an E&Ss may have in communicating
what might be highly-technical ideas in a language that is accessible to mixed audiences, or as an Executive Director of a mid-sized, Southeast non-pro�t said,
“getting experts who are able to explain things to regular people.” This challenge is alluded to in this quote about community solar from a Government Affairs
Coordinator at a large, Northeast non-pro�t:

You're not gonna �nd a lot of people who don't like community solar. But there's a lot of people who don't know how it's possible. I feel like an engineer would
make a big difference in this. Like an engineer who knew how to communicate.

Another respondent (an Organizer at a small, Northeast non-pro�t) suggested that simply sharing information is not enough. In other words, giving
information in forms of articles produced by an E&S can be inaccessible to a lay audience and better means of interpretation/communication are needed.

Typically, we link to a lot of articles. .. [to] our website. So, I don't know. .. how much people read that sort of thing, because actually,. .. At this point now,. ..
there's almost too much information.. .. I gotta be honest,. .. I don't always get to read everything.. .. I'm reading like a blurb in the �rst paragraph or two and
then moving on.

Restrictions on politically charged language and acquiescence to more technical interpretations. This category relates to the use of terms like “climate
change” that may be politically sensitive or charged depending on the context (like states in the US that ban climate change considerations for planning
purposes). In such instances, an engineer or scientist (or EJO member) may acquiesce toward a less charged interpretation of an issue. In two quotes,
respondents allude to these dynamics: �rst a Policy and Advocacy Manager at a Northeast, small Non-pro�t said,

Experts at the state level know the issue and know that action needs to be taken, but they cannot talk about it publicly and they cannot use ‘climate change.’
So how do you as a local health department leader, someone who probably understands more and is more in touch with the inequities in the county, the more
local level, and understands access to resources, how do you provide what your constituents need when you have no support from the state?

Relatedly, an Executive Director at a Southeast, mid-sized non-pro�t mentioned how they would like to see more experts “who are independent and who are
willing to sort of just challenge the predominant paradigm.”

4.3.3 Better practices for collaborations with environmental justice organizations
Mindful of local contexts; start where people are. Respondents sometimes alluded to ideas, either explicitly or implicitly, for improving the ways an E&S might
collaborate with an organization. The most prominent of these was to be more mindful of local contexts and cultures—as a Manager at a Northeast, small
Non-pro�t asserted, “just meet people where they are.” Respondents, then, emphasized the importance of E&Ss �rst understanding local efforts, what had been
done, and supporting those efforts. This requires spending more time with a community. E&Ss should also realize that there are many resources, networks,
and assets already present in a community. One respondent—an Executive Director at a small, Midwest, non-pro�t—simply mentioned that, “the most effective
way for Indiana communities to be inspired is to �nd out what other Indiana communities are doing” and, at a deeper level of community-mindedness, a
Program Director at a mid-sized, Northeast non-pro�t said,

We sometimes make explicit decisions not to work with certain experts,. .. they really do want to be helpful, but it's always, their perspective is, ‘Hey, let's go
work with locals and show them all the great things that we can help to do and all the tools that we can bring,’ and they don't take the time to listen to what it
is needed. .. or how tools can function better.

This next respondent, the Executive Director of a Northeast, mid-sized non-pro�t, mentions how communities historically marginalized by “power entities” are
not used to thinking for themselves.

So, the beginning part of that work is just having the conversations with the community and asking them what they want. That's actually a very taboo thing in
the communities that we work in like culturally and historically, the operator or outside power entities have always had the control and no one has actually ever
really asked the communities what they want. .. And so, that process in itself can be kind of hard for people to even like vision or think that they have the
ability to get something other than what the coal industry wants or the gas industry wants.

A built relationship, community rapport, trust, commitment, dialogue and feedback. Notably, EJOs are particularly mindful about their relationships: they need
to be reciprocal, maintained, trusting and therefore functioning. Said relationships may also be important for support around politically charged issues. An
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Executive Director of a Southeast, small non-pro�t simply said,

we have cultivated really good working relationships with our regulatory agents. .. it’s not just about doing one little project and then leaving, it's about
maintaining that relationship and educating, I guess, in some way, right?

This process also requires commitment, dialogue and community feedback. Another Executive Director at a small Southeast non-pro�t decided to give us
advice when we explained what this research was about:

I think building the trust is really going to be number one for you all, because there are networks that are already formed, and there are technical experts that
are already helping communities. And. .. that was. .. building trust over many years.

Relationships and partnering are also helpful to EJO operations and possibly e�ciency, as this respondent, a Project Director of a community group in the
Paci�c explains,

Our work is really centered around partnerships with other organizations. We depend a lot on other organizations to help us do outreach, help us facilitate
training, help us continue to build relationships, that is how we became a cooperative.

Moving beyond technical solutions. This category encompasses the ways it would be helpful if an E&S knew more than just the technical dimensions of an
issue. For example, like how a problem may also relate to socioeconomic issues or other inequities. In turn, here is an opportunity to learn about a diverse set
of topics that marginalized communities mind �nd helpful in tackling any environmental issues. Thus, greater understandings of community dynamics are
required, including cultural humility and the realities of marginalized communities. It is preferable, then, that experts seeking to collaborate with communities
should have training in community capacity building, i.e., local-empowerment, while also seeking to �nd ways to compensate community members who give
their time and energy for collaboration. One respondent—the Executive Director at a mid-sized, Midwest non-pro�t—mentioned that, “our general approach [is
to] lead with the equity, community-oriented goals rather than engineering and science” and another said,

I feel like when scientists or the technologists or engineers work on a problem, what they sometimes fail to see is that it's not just a technical problem, it's
actually a socioeconomic problem. . .

Still, another Executive Director at a mid-sized, Northeast non-pro�t spoke about building political power in the community. . .

Our laws aren’t strong enough to begin with, and so just having the right test results or hiring the right expert, or giving the testimony that they need, that’s not
what’s going to solve the problem for them; it’s really going to be about building that political power and running an effective grassroots campaign.

Some respondents emphasized the need for greater personal care and understanding of the needs of individual community members: proper care and even
social niceties as a means of reciprocity and compensation. For example, an Executive Director at a mid-sized, Southeast non-pro�t articulated, “. .. we have to
buy everyone dinner and we have to provide childcare and we have to provide transportation, otherwise, we haven't done our jobs scoping out the project.”
Another respondent—the Director of Capacity Building of a Northeast, mid-sized Non-pro�t—emphasized that such an approach could foster inclusivity and get
more “folks to participate in a co-design process.”

Finally, regarding successful community engagement, an Executive Director of a small, Paci�c, non-pro�t emphasized capacity building:

a lot of times you can do a really great job of connecting communities with needs to their technical service providers, but if we don’t simultaneously build the
capacity of the communities to actually engage with the technical specialists, the process will fall �at.

Identifying low-cost and accessible solutions. Respondents mentioned their desires for more community appropriate solutions with reference to both cost and
applicability. In short, how bene�cial it would be to have an inexpensive and readily available solution. Like an inexpensive smartphone application for data
collection. Relatedly, offering an expensive option that is not affordable might frustrate a community’s incentives. E&Ss could also spend more time exploring
and creating options with communities. It is also important for E&S to remain accessible for possible consultations with communities. Notably, there may be a
tension between scalability, cost, and simplicity of solutions. One respondent, the Executive Director of a mid-sized, Midwest non-pro�t recounted a particularly
negative experience with consultants. . .

They got data trained engineering type people nationally and. .. would �y the experts in to have a workshop on this building or something like that. They would
come in for like two days, they would like demonize every aspect of a building in conjunction with the local people and then they would wing off. It was just
super not successful because I don't. .. have the money to �x it.. .. if I can say anything in this entire interview, it's setting people up with technological
solutions that they can't pay for is like harmful, it's not helpful

Another respondent—the Deputy Director of a Rocky Mountain, mid-sized non-pro�t— mentioned practicality and emphasized “lighter, quicker, cheaper”:

at a certain point you get these like really grandiose visions that ‘yeah, that would be terri�c,’ but like, it’s not gonna happen if it’s this or nothing. So, trying to
get that more practical sense of lighter, quicker, cheaper, but still safe and still at least have some environmental bene�ts that can help mitigate some of the
environmental issues that we have in the city. . .

This respondent, the Executive Director of a Southeast, small non-pro�t mentions former developments and also desires for more with regards to air
monitoring:
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we use low-cost air monitors, and we, with the help of a previous grant, we were able to develop an online mapping tool. .. With that, we store all our research
data on that platform. We need to add more functionality to that tool. We would like to develop a mobile app that links to that tool to be push-alert systems for
the community.

Unconscious bias training. Respondents also mentioned that trainings to counteract skewed power dynamics or inoculate the cultural biases of E&Ss are
appropriate and could be helpful. Like trainings in gender, racial, and social justice, structural and systemic dynamics, and an overall cultural humility. The
Executive Director of Midwest, mid-sized non-pro�t spoke of becoming more culturally successful through an unconscious bias training:

I'm excited about this unconscious bias training because in this case, it's like, you know what, racist or not, all of us are racists, the world sucks, you've got a
bad task, yup, we agree about that. Now, here's some actual tools that you can employ in the workplace that are just gonna make you more culturally con�dent
and successful.

Discussion
In reviewing our results, we primarily draw attention to two broad �ndings: (i) the myriad ways E&Ss can engage with EJOs in addressing environmental,
climate, and energy justice challenges and (ii) the cultural challenge of learning to interact with EJOs and their members. We discuss the �rst and then the
latter.

When considering the breadth of our sample’s goals—e.g., justice, community building, and organizational goals (Table 2)—and engineering and scienti�c
challenges from topical to methodological (Table 3 and Table 4), we �nd that our results both a�rm and expand the existing literature. Mostly, we a�rm the
literature through the content of our �ndings and expand it through the form of our �ndings. For example, we a�rm the literature in the way we also �nd that
EJOs in the USA work on issues related to: energy, climate, water, and land uses (Njue et al. 2019; EWB-USA 2020a; Scheidel et al. 2020); environmental
impacts and monitoring (Conrad and Hilchey 2011); conservation and GIS mapping (Kullenberg and Kasperowski 2016); data management (Sharpe and
Conrad 2006; Newman et al. 2011); while they are challenged in the areas of funding, communications (Sharpe and Conrad 2006; Buckland-Nicks et al. 2016)
and educating their communities (Bonney et al. 2009). Furthermore, we a�rm the literature with the �ndings that E&Ss are busy and di�cult to access (Pivik
and Goelman 2011; Boucher et al. 2020); that trusting/communicative relations with them are important (Pivik and Goelman 2011; Lesen et al. 2019); that
E&Ss could do a better job at meeting communities where they are, while also being careful of power dynamics (Lesen et al. 2019); additionally, an E&Ss
commitment to a community and regularity in relations is also important (Pivik and Goelman 2011).

Regarding our expansion of the literature in the form of our �ndings, we see this in the order and different categorizations of the particular issues mentioned
by EJO representatives: their organizational goals and engineering and scienti�c challenges. We also expand the literature by outlining particular EJO
experiences with engineers and scientists, in particular the advantages and challenges of working with E&Ss, and better practices for collaboration. In short,
there appears to be an overwhelming assemblage of opportunities or areas of undone science where E&Ss can interact, engage, and hopefully create
relationships with EJOs. Such relations may further illuminate the engineering and scienti�c bases for EJ challenges, and how E&Ss might help address said
challenges and participate in building a more just community future.

There is something of a tension in our �ndings, though, in the way EJOs can receive much information and insights—and even symbolic capital—from working
with E&Ss while also express frustration with an E&S’s multidimensional cultural biases and their challenges with seeing beyond technical solutions. We have
identi�ed better practices for engineering, scienti�c, and EJO collaborations, but this cultural issue does seem to be a particularly tenacious. For instance, there
might be something of a subtractive learning process (Valenzuela 1999) that needs to be addressed—in the way acquiring one skill might detract from
another. There is some evidence that a STEM degree itself—through the educational process—can diminish one’s community concerns (Cech 2014; Canney
and Bielefeldt 2015; Boucher et al. 2020). This is perhaps an area for further research: in-depth interviews with those E&Ss who are “multiculturally-skilled,”
both in their engineering and scienti�c disciplines and EJO collaborations.

A cultural lens (and a �eld of collaboration?). It appears, then, that a cultural framework may be illustrative regarding our �ndings, particularly a recent
Bourdieusian conceptualization of a “�eld of collaboration” between engineers, scientists, and community groups (Boucher et al. 2020). We do a�rm that
there is some grounding for this in the ways EJOs are calling for trainings of E&Ss in what might be termed a collaboration culture, which also draws attention
to a suspected cultural mismatch (Bourdieu 2007) between E&Ss and EJOs. (Mismatch is the way one’s strengths in one �eld are less applicable to another
�eld.) However, considering the salience of social networking for our respondents—something that is not present in Boucher et al.’s (2020) study—and its
seeming connection to a lack of time and funds, it seems that EJOs are embedded in a more collaborative culture than engineers and scientists. Consequently,
we suggest that the “�eld of collaboration” comprises the whole �eld of EJOs and that all those comprising this �eld may be practicing a culture of
collaboration—but this needs further research. Mandell (1999, p. 43) reviews and expresses this succinctly by identifying community “network structures” and
asserting that many communities “must organize in a unique way that allows them to try to solve . . . [complex] problems on equal terms with the public, non-
pro�t and private sectors.” Thus, these network structures are the outcomes of management styles that are different from “more typical bureaucratic efforts”
(Mandell 1999, p. 43). Seemingly �tting to our study, Mandell (1999) adds further complexity to a cultural mismatch between E&Ss and EJOs while aligning
with theory on the exchange of capitals: where declines in one form of capital like funding can prompt a dependence on others like social networks (Bourdieu
1986). We also note that for Boucher et al. (2020), social networks—or social capital—are not salient in their study, but, somewhat inversely, they do identify a
“collaboration burden” expressed by some E&Ss who cited the demands of collaboration as a barrier to working with community groups.

Additionally, and seemingly related to the cultural and networking character of collaboration, there are issues of funding and time, and this is for both our
interviewed EJOs and E&Ss (Boucher et al. 2020). This suggests that, in the present contexts, a �eld of collaboration would be populated by people that are all
short on time and money; and such a circumstance may not bode well for an aspiring �eld. To their credit, though, Boucher et al. (2020) call for greater
research on said �eld while asking what might be its valued currencies. They suggest that this �eld may be something of an anomaly from more customary
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conceptualizations of �elds that identify highly operative economic, cultural, and social capitals (Bourdieu 1984). Within this context, the plea for lower cost
engineering and scienti�c interventions by several EJOs bears understanding: engineering and scienti�c work is expensive, which may be exacerbated when
embedded in the historical legacies of environmental injustice. Moreover, it may be the lack of appropriate investments that created environmental injustices
in the �rst place. While a desire for low-cost interventions is reasonable, we question how legacies of injustice can be addressed in a low-cost manner.

Like Mandell (1999), we should also draw attention to the pro�t/non-pro�t dichotomy of many EJOs versus E&Ss. EJOs seem to collaborate as part of their
daily struggle against environmental injustices, whereas most E&Ss are apparently captured in a for-pro�t marketplace (Mirowski 2011; Lave 2012) or within
academic power structures, and at an extreme may be contributing to environmental injustices. Collaboration with an EJO, then, would constitute something
of a not-for-pro�t-shift for an E&S whereas it would be—aside from the speci�c interaction with the E&S and possibly a fee-for-service—a continued part of a
collaborative and networked style of daily interaction an EJO.

Finally, our �ndings suggest that though E&Ss can be extremely helpful to EJOs in the US, many EJO challenges seem to require a broad, multi-skilled team.
Such a team might include experts in engineering and science related to environmental, energy, and climate justice, but also a broader array of experts like
community organizers and developers, communications and educational professionals, information and data specialists, lawyers, political lobbyists, and
more.

Future research and recommendations
The EJOs we examine in this study all have seemingly laudable goals, but also extensive engineering and scienti�c challenges that may well be in the area of
undone science (Frickel et al. 2010; Hess 2010). How might tackling these undone areas be accomplished and, moreover, funded? Additionally, there appears
to be a tension between an EJO’s desire to build long-term relationships and the immediacy of an array of environmental injustices. Consequently, how might
collaborative relationships between EJOs, engineers and scientists be built in ways that can accelerate EJO goals? Additionally, might there be new forms of
augmenting community participatory efforts (Morales-Guerrero and Karwat 2020) to enhance community collaborations? Given that multiple injustices may
intersect in areas deemed “scienti�cally undone,” we feel that new levels of criticality are due by engineers, scientists, and researchers alike. How might this be
achieved?

Regarding EJOs and this study, future research could explore the creation of a more precise questionnaire—taken from our �ndings—in order to survey a larger
national or international �eld. With such data, a number of different statistical analyses could be conducted. For instance, a test for associations between
organization size and engineering and scienti�c needs. Additionally, as some of our respondents were at a loss to �nd engineers and scientists, perhaps an
internet-based matching or sharing platform could be developed.

Conclusion
After exploring the engineering and scienti�c challenges of (n = 47) EJOs in the US, we contribute to the literature by further identifying the character of EJO
goals and engineering and scienti�c challenges. We also acknowledge and broadened the complexity of EJO experiences with E&Ss and their collaborations.
EJOs and E&Ss have multiple barriers to collaboration, the greatest possibly being cultural differences. Such a �nding calls for an amelioration of differences
if any long-term collaborations can be expected. This can include a range of recommendations from directly turning the EJO �eld into a more �nancially viable
space or greater cultural shifting for E&Ss. In sum, we �nd that better practices for E&S collaborations with EJOs in a �eld of collaboration include: a greater
mindfulness of local contexts; building relational rapport and trust; a moving beyond narrow technical solutions; identifying low-cost accessible solutions; and,
�nally, unconscious bias training.
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Appendix
Semi-structured Interview Questions

1. What are the main issue areas your group focuses on? (For example: air pollution, community health, energy transitions, poverty)

2. What approaches or strategies does your group use to address the issue areas you focus on? (For example: direct action, policy advocacy, etc.)

3. If your group works with other groups, who are they?

4. What are some of your group’s main goals with regard to (one of their focuses)?

5. What are some of the main barriers to achieving these goals? Have you faced barriers in getting assistance with technical challenges?

6. Does your group use technical tools in its work? if yes, can you tell me about them?

7. Does your group interact with technical experts?

a. Who are these experts?

b. How did you connect with [expert descriptor]?

c. How does [expert descriptor] help your group?

d. What challenges do you have interacting with experts?

8. Do you have any current problems/challenges that you think could be solved by having access to a scientist, engineer or other technical expert?
9. Over the next two or three years, what scienti�c or technical things could help you in your work?

10. How do your needs overlap with the needs of other groups?

References
AAAS (American Association for the Advancement of Science) (2020) On-Call Scientists. https://oncallscientists.aaas.org/. Accessed 14 Mar 2020

Abrams J, Davis EJ, Ellison A, et al (2016) Community-based organizations in the US West: Status, structure, and activities. Ecosystem Workforce Program,
University of Oregon

Aceves‐Bueno E, Adeleye AS, Feraud M, et al (2017) The Accuracy of Citizen Science Data: A Quantitative Review. The Bulletin of the Ecological Society of
America 98:278–290. https://doi.org/10.1002/bes2.1336

AGU (American Geophysical Union) (2020) All Projects. In: Thriving Earth Exchange. https://thrivingearthexchange.org/projects/. Accessed 14 Mar 2020

Bielefeldt AR (2018) Professional Social Responsibility in Engineering. Social Responsibility. https://doi.org/10.5772/intechopen.73785

Bonney R, Cooper CB, Dickinson J, et al (2009) Citizen Science: A Developing Tool for Expanding Science Knowledge and Scienti�c Literacy. BioScience
59:977–984. https://doi.org/10.1525/bio.2009.59.11.9



Page 15/18

Boucher JL, Levenda AM, Morales‐Guerrero J, et al (2020) Establishing a Field of Collaboration for Engineers, Scientists, and Community Groups: Incentives,
Barriers, and Potential. Earth’s Future 8:1–19. https://doi.org/10.1029/2020EF001624

Bourdieu P (2007) Sketch for a Self-Analysis. Polity, Cambridge

Bourdieu P (1986) The Forms of Capital. In: Richardson JG (ed) Handbook of Theory and Research for the Sociology of Education. Greenwood, Westport, CT,
pp 241–58

Bourdieu P (1984) Distinction: A Social Critique of the Judgement of Taste. Harvard University Press, Cambridge, MA

Brooks J, McCluskey S, Turley E, King N (2015) The Utility of Template Analysis in Qualitative Psychology Research. Qualitative Research in Psychology
12:202–222. https://doi.org/10.1080/14780887.2014.955224

Brown P (1992) Popular epidemiology and toxic waste contamination: lay and professional ways of knowing. Journal of health and social behavior 267–281

Buckland-Nicks A, Castleden H, Conrad C (2016) Aligning community-based water monitoring program designs with goals for enhanced environmental
management. JCOM 15:A01. https://doi.org/10.22323/2.15030201

Bullard RD (1990) Dumping in Dixie: Race, Class, and Environmental Quality. Westview Press, Boulder

Canney NE, Bielefeldt AR (2015) Gender differences in the social responsibility attitudes of engineering students and how they change over time. Journal of
Women and Minorities in Science and Engineering 21:

Cech EA (2014) Culture of Disengagement in Engineering Education? Science, Technology, & Human Values 39:42–72.
https://doi.org/10.1177/0162243913504305

CECorps (Community Engineering Corps) (2019) About Us. https://www.communityengineeringcorps.org/about-us/. Accessed 7 May 2020

CHEJ (Center for Health Environment & Justice) (2019) Our History. In: Center for Health, Environment & Justice. http://chej.org/about-us/story/. Accessed 15
Nov 2020

Conrad CC, Hilchey KG (2011) A review of citizen science and community-based environmental monitoring: issues and opportunities. Environ Monit Assess
176:273–291. https://doi.org/10.1007/s10661-010-1582-5

Davis EJ, Hajjar R, Charnley S, et al (2020) Community-based forestry on federal lands in the western United States: A synthesis and call for renewed research.
Forest Policy and Economics 111:102042. https://doi.org/10.1016/j.forpol.2019.102042

Dietrich E (2014) How Community-Driven is Your Project? In: Engineers Without Borders USA. https://www.ewb-usa.org/how-community-driven-is-your-
project/. Accessed 1 Dec 2020

EJOLT (Environmental Justice Organizations Liabilities and Trade) (2020) Mapping Environmental Justice | EJAtlas. In: Environmental Justice Atlas.
https://ejatlas.org/. Accessed 16 Nov 2020

EWB-UK (Engineers Without Borders UK) (2020) Big engineering, local context: The importance of community consultation. In: Learn | Listen to our recent
virtual panel discussion…. https://www.ewb-uk.org/big-engineering-local-context-the-importance-of-community-consultation/. Accessed 1 Dec 2020

EWB-USA (Engineers Without Borders USA) (2020a) Community Engineering Corps (CECorps) Projects. In: Dig Deeper | Our Impact.
https://app.powerbi.com/view?
r=eyJrIjoiNGRlZDIyMWYtMTYxNC00NDFmLTlkZWMtNDY2NmJjZTcyNGZlIiwidCI6IjkwNTliNmUzLTgxYzgtNGQzYS05ZDNiLWU2YTFkYzQ0ODE3NSIsImMiOjF9
Accessed 4 Dec 2020

EWB-USA (Engineers Without Borders USA) (2017) Lessons from the Field: The Merits of Community Ownership. In: News & Stories. https://www.ewb-
usa.org/lessons-from-the-�eld-the-merits-of-community-ownership/. Accessed 1 Dec 2020

EWB-USA (Engineers Without Borders USA) (2020b) International Community Program. In: Programs. https://www.ewb-usa.org/programs/international-
community-program/. Accessed 1 Dec 2020

EWB-USA (Engineers Without Borders USA) (2020c) Request Engineering Services. In: Programs. https://www.ewb-usa.org/programs/request-engineering-
services/. Accessed 1 Dec 2020

Frickel S, Gibbon S, Howard J, et al (2010) Undone Science: Charting Social Movement and Civil Society Challenges to Research Agenda Setting. Science,
Technology, & Human Values 35:444–473. https://doi.org/10.1177/0162243909345836

Gale NK, Heath G, Cameron E, et al (2013) Using the framework method for the analysis of qualitative data in multi-disciplinary health research. BMC Medical
Research Methodology 13:117. https://doi.org/10.1186/1471-2288-13-117

Gallopín GC, Funtowicz S, O’Connor M, Ravetz J (2001) Science for the Twenty-First Century: From Social Contract to the Scienti�c Core. International Social
Science Journal 53:219–229. https://doi.org/10.1111/1468-2451.00311



Page 16/18

Ghazoul J, Kleinschroth F (2018) A global perspective is needed to protect environmental defenders. Nature Ecology & Evolution 2:1340–1342.
https://doi.org/10.1038/s41559-018-0640-1

Gibbs L (2002) Citizen Activism for Environmental Health: The Growth of a Powerful New Grassroots Health Movement. The Annals of the American Academy
584:97–109. https://doi.org/10.1177/0002716202584001007

Gibbs LM (2011) Love Canal: and the Birth of the Environmental Health Movement, Third edition. Island, Washington

Glaser BG, Strauss AL (1967) The Discovery of Grounded Theory: Strategies for Qualitative Research. Aldine, Chicago

Hess DJ (2007) Alternative Pathways in Science and Industry: Activism, Innovation, and the Environment in an Era of Globalization. MIT, Cambridge, MA

INCITE! W of CAV (2017) The Revolution Will Not Be Funded: Beyond the Non-Pro�t Industrial Complex, Reprint Edition. Duke University, Durham, NC

Kruger LE, Shannon MA (2000) Getting to know ourselves and our places through participation in civic social assessment. Society & Natural Resources
13:461–478

Kullenberg C, Kasperowski D (2016) What Is Citizen Science? – A Scientometric Meta-Analysis. PLOS ONE 11:e0147152.
https://doi.org/10.1371/journal.pone.0147152

Kunda G (2009) Engineering Culture: Control and Commitment in a High-Tech Corporation. Temple University Press

Lakhani N (2020) Who Killed Berta Caceres?: Dams, Death Squads, and an Indigenous Defender’s Battle for the Planet. Verso, London

Lave R (2012) Neoliberalism and the production of environmental knowledge. Environment and Society 3:19–38

Lee KA, Lee JR, Bell P (2020) A review of Citizen Science within the Earth Sciences: potential bene�ts and obstacles. Proceedings of the Geologists’
Association. https://doi.org/10.1016/j.pgeola.2020.07.010

Lesen AE, Tucker C, Olson MG, Ferreira RJ (2019) ‘Come Back at Us’: Re�ections on Researcher-Community Partnerships during a Post-Oil Spill Gulf Coast
Resilience Study. Social Sciences 8:1–26. https://doi.org/10.3390/socsci8010008

Litch�eld K, Javernick‐Will A (2015) “I Am an Engineer AND”: A Mixed Methods Study of Socially Engaged Engineers. Journal of Engineering Education
104:393–416. https://doi.org/10.1002/jee.20102

Litch�eld K, Javernick-Will A (2017) Socially Engaged Engineers’ Career Interests and Experiences: A Miner’s Canary. Journal of Professional Issues in
Engineering Education and Practice 143:04016018. https://doi.org/10.1061/(ASCE)EI.1943-5541.0000303

Litch�eld K, Javernick‐Will A, Maul A (2016) Technical and Professional Skills of Engineers Involved and Not Involved in Engineering Service. Journal of
Engineering Education 105:70–92. https://doi.org/10.1002/jee.20109

Livesey SM (2003) Organizing and Leading the Grassroots: An Interview with Lois Gibbs, Love Canal Homeowners’ Association Activist, Founder of Citizens
Clearinghouse for Hazardous Waste, and Executive Director of the Center for Health, Environment and Justice. Organization & Environment 16:470–473.
https://doi.org/10.1177/1086026603259099

Lubchenco J (1998) Entering the Century of the Environment: A New Social Contract for Science. Science 279:491–497

Mandell MP (1999) Community Collaborations: Review of Policy Research 16:42–64. https://doi.org/10.1111/j.1541-1338.1999.tb00840.x

Martinez-Alier J, Anguelovski I, Bond P, et al (2014) Between Activism and Science: Grassroots Concepts for Sustainability Coined by Environmental Justice
Organizations. Journal of Political Ecology 21:19–60. https://doi.org/10.2458/v21i1.21124

MCAF (Moms Clean Air Force) (2020) Moms Clean Air Force: Fighting Air Pollution & Climate Change. https://www.momscleanairforce.org/. Accessed 15 Nov
2020

Mills CW (1956) The Power Elite. Oxford University Press

Mirowski P (2011) Science-Mart: Privatizing American Science. Harvard University Press, Cambridge, Mass

Morales-Guerrero J, Karwat D (2020) Visualizing Energy Participation: A Method for Practitioners and Researchers. Energy Research & Social Science
66:101496. https://doi.org/10.1016/j.erss.2020.101496

Newman G, Graham J, Crall A, Laituri M (2011) The art and science of multi-scale citizen science support. Ecological Informatics 6:217–227.
https://doi.org/10.1016/j.ecoinf.2011.03.002

Newman KL (2000) Organizational Transformation during Institutional Upheaval. The Academy of Management Review 25:602–619.
https://doi.org/10.2307/259313



Page 17/18

Njue N, Stenfert Kroese J, Gräf J, et al (2019) Citizen science in hydrological monitoring and ecosystem services management: State of the art and future
prospects. Science of The Total Environment 693:1–16. https://doi.org/10.1016/j.scitotenv.2019.07.337

NSF (National Science Foundation) (2017) Table 3-4: Employment sector of scientists and engineers, by broad occupational category and degree �eld: 2017.
National Center for Science and Engineering Statistics

Ottinger G, Cohen BR (eds) (2011) Technoscience and Environmental Justice: Expert Cultures in a Grassroots Movement. MIT, Cambridge, MA

Pandya RE (2014) Community-Driven Research in the Anthropocene. In: Dalbotten D, Roehrig G, Hamilton P (eds) Future Earth: Advancing Civic Understanding
of the Anthropocene. American Geophysical Union, Hoboken, NJ, pp 53–66

Pivik JR, Goelman H (2011) Evaluation of a Community-Based Participatory Research Consortium From the Perspective of Academics and Community Service
Providers Focused on Child Health and Well-Being. Health Educ Behav 38:271–281. https://doi.org/10.1177/1090198110372876

Scheidel A, Del Bene D, Liu J, et al (2020) Environmental con�icts and defenders: A global overview. Global Environmental Change 63:102104.
https://doi.org/10.1016/j.gloenvcha.2020.102104

Sharpe A, Conrad C (2006) Community Based Ecological Monitoring in Nova Scotia: Challenges and Opportunities. Environ Monit Assess 113:395–409.
https://doi.org/10.1007/s10661-005-9091-7

Srivastava A, Thomson SB (2009) Framework Analysis: A Qualitative Methodology for Applied Policy Research. JOAAG 4:

Strauss AL (1987) Qualitative Analysis for Social Scientists. Cambridge University Press

Temper L, Del Bene D, Martinez-Alier J (2015) Mapping the frontiers and front lines of global environmental justice: the EJAtlas. Journal of Political Ecology
22:255–278. https://doi.org/10.2458/v22i1.21108

UCS (Union of Concerned Scientists) (2020) The UCS Science Network. https://www.ucsusa.org/science-network. Accessed 5 Sep 2020

UNEP (United Nations Environment Programme) (2018) Who are environmental defenders? In: Advancing environmental rights.
http://www.unenvironment.org/explore-topics/environmental-rights-and-governance/what-we-do/advancing-environmental-rights/who. Accessed 22 Nov
2020

Valenzuela A (1999) Subtractive Schooling: U.S.-Mexican Youth and the Politics of Caring. SUNY Press

Figures



Page 18/18

Figure 1

De�ning key terms and interactions: environmental justice organizations, the community, and engineering and science.

Figure 2

Occurrence of types of environmental con�icts across world income regions (n = 2737). Source: Scheidel et al. (2020, p. 7); used with permission.


