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Abstract

Research Problem: A Collective Impact (CI) model provides a foundation for bringing
together independent organizations, networks, and societies in a structured way to achieve
large-scale social change. However, when siloed organizations are brought together, efforts
towards finding ways to intersect, rather than work in parallel, to impact social change can be
greatly influenced by Alliance members’ previous experiences and how they perceive them-
selves within the broader Alliance.

Research Questions: In this study, we considered how members’ prior experiences shape
a newly formed National Science Foundation (NSF) Alliance to broaden participation in engi-
neering. Our research questions were: What were the Alliance members’ prior experiences in
collaborative networks that they bring into the new Alliance? and In the context of equity, how
are the newly formed Alliance’s members’ funds of knowledge being honored and valued?.

Methodology: We conducted semi-structured interviews among the members (n=13). We
then used a codebook established a priori from the CI model to code the interviews.

Findings: The data analysis shows a connection between members’ previous experiences in
collaborative groups and the perception of current practices within the newly created Alliance.
Overall, the findings display heterogeneity of members’ experiences with the conditions of col-
laborative work, which impacted the early stages of this Alliance. The Alliance has a common
goal, but based on findings, there are several impediments. The perceptions and circumstances
of members are varied, which impact the members’ ability to create authentic collaboration
that will impact the social change needed to broaden participation in engineering. However,
all members report cautious optimism regarding the work ahead for the Alliance.

1 Introduction
In the field of engineering education in the U.S., Black/African Americans, Hispanic Americans,
American Indians, Alaska Natives, Native Hawaiians, and Native Pacific Islanders represent a
disproportionately small number of those graduating with engineering degrees. In 2020, only
20% of students seeking bachelor’s degrees, 10% of master’s degrees, and 6% of doctorates self-
identified as Black/African Americans, Hispanic Americans, American Indians, Alaska Natives,
Native Hawaiians, or Native Pacific Islanders [1]. Similarly, women represented only 24% of stu-
dents seeking bachelor’s degrees in engineering, 27% of master’s degrees, and 25% of doctorates
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[1]. When compared to the general U.S. population, these numbers are only a fraction of these
populations, indicating a significant gap in representation. These gaps have been long recognized
in engineering with little progress relative to other STEM fields [2].

The importance of having a diverse workforce should not be understated. The legislative aims of
the Civil Rights era made clear that discrimination in U.S. education and employment violated
fundamental stated commitments of the democratic nation [3]. Additionally, diverse teams per-
form better than more homogeneous ones, thus yielding higher productivity and higher yields for
companies [4, 5]. The 2019 McKinsey Report on diversity moves this discussion directly into
corporate profits. Based on their analysis of top-ranked companies, the “...most diverse companies
are now more likely than ever to outperform less diverse peers on profitability” [5, online].

Further, students who matriculate with engineering degrees have access to some of the highest-
paying jobs upon graduation [6]. Since there is a well-established correlation between poverty
and race [7], engineering can be a path that students take to help improve their long-term financial
position1.

Broadening participation in undergraduate and graduate engineering is a step in the right direc-
tion towards equity. However, demographic diversity alone cannot fix the systemic cultural issues
at play that contribute to students feeling unwelcome in the field [9]. Social structural and insti-
tutional change is imperative to increase opportunities and broaden participation in engineering
(BPE) fields for all.

It is unlikely that any single intervention can significantly broaden participation in engineering, let
alone drive the effort for systemic change. However, broader change could be possible through the
processes enabled through collective impact. Collective impact (CI) is defined as bringing isolated
organizations, networks, and societies together in a structured way to achieve a goal impacting
social change [10].

As part of a new effort to broaden participation of marginalized students studying engineering
through a National Science Foundation (NSF) funded Alliance, the Alliance leadership team has
adopted the CI model to bring significant change to systems for equitable inclusion. This Alliance
has brought together multiple partner organizations from across the U.S. who have worked within
their own organizations to BPE (e.g., racial/ethnic, gender). The coordinated efforts are designed
to address problem of participation at a significantly larger scale.

In this qualitative study, we wanted to understand the experiences, culture, beliefs, and dynamics
that Alliance members brought with them based on their previous experiences, which ultimately
may influence early dynamics within the Alliance as it formed, particularly as agendas were being
set and five-year plans were being created. Our two research questions for this study are:

RQ1: What were the Alliance members’ prior experiences in collaborative networks that they bring
into the new Alliance?

1We use the definition of racial/ethnically underrepresented groups as defined by one of the partner organizations,
which aligns with U.S. federal statute and the National Action Council for Minorities in Engineering. However, as re-
searchers we recognize a need to include Southeast Asians, such as Hmong Americans, who are also underrepresented
in STEM undergraduate degree in the U.S. [8]
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RQ2: In the context of equity, how are the newly formed Alliance’s members’ funds of knowledge
being honored and valued?

The Alliance is led by a small team of principal investigators, all with PhDs and from historically
marginalized groups in engineering and leaders in their respective fields, that is guiding the work of
leaders from a variety of partner organizations, including educational institutions of different scales
and types, and professional societies. Three main drivers are evident in the partner organizations:
academic, industry, and community perspectives. Members from the partner organizations are also
at different points in their career paths, including early-, mid-, and late-career experience. These
factors influence their perspectives and lens on collaborative work and CI partnerships, both in
general and related to this Alliance. Understanding the basic heterogeneity of members involved
in this Alliance is important for interpreting the nuances of the findings and wider Alliance insights.
All are collectively working towards the broader goal of increasing the number of students from
historically marginalized groups that are graduating from post-secondary institutions, approaching
the work through different lenses and networks.

This study is important since NSF-funded alliances are a significant award designed to support
organizations that seek to broaden participation in the sciences and engineering. Understanding
how these alliances form and operate can expose some of the affordances as well as barriers to
accomplish their broadening participation goals. Other CI groups may also be able to use these
findings when forming and mitigate barriers in advance of potential issues that may arise.

2 Background
In this section, we discuss the CI model (including its theoretical framework) and how funds of
knowledge [11] can be honored within a collaborative group. Moll et al. define funds of knowledge
as “These historically-accumulated and culturally-developed bodies of knowledge and skills essen-
tial for household or individual functioning and well-being” [12, p. 133]. Applied to this Alliance,
funds of knowledge are the historically-accumulated and culturally-developed bodies of knowl-
edge and skills essential that members bring with them into the Alliance. Both areas are important
to ground the work of gathering historical and current experiences around members’ shared, social
impact goal of changing systems to increase the number of underrepresented engineering graduates
in higher education.

2.1 Collective Impact
CI is a practical model [13] and approach for large scale social change [14]. The model offers a
structure for cross-sector partnerships that bring together disparate groups around a common goal.
The structure has five conditions: common agenda, shared measurement, mutually reinforcing
activities, continuous communication, and backbone support (Table 1). We chose this model in
our research study to understand where the Alliance’s strengths and weaknesses are with respect
to working collectively to maximize impact. However, while in this paper we describe experiences
within the U.S. engineering field, there are multiple examples of CI that span countries and fields
[15–17].

For this study, membership in the Alliance presumes a general commitment to BPE. Having an
explicit and actionable common agenda is critical, since each partner organization has their own
goals, operating strategies and perspectives based on the lens in which they view and work to
make change [14]. When partner organizations come together, a common agenda can mitigate the
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Table 1: Conditions of the Collective Impact Model [18]

.

Condition Definition
Common Agenda All stakeholders have a shared vision for change, includ-

ing a common understanding of the problem and a joint ap-
proach for solving it through agreed-upon activities.

Shared Measurement Sys-
tem

All service-providing participants (schools, nonprofits, and
government agencies) consistently collect data and measure
results to ensure efforts remain aligned and accountable.

Mutually Reinforcing Ac-
tivities

Service activities are aligned through a mutually reinforcing
action plan.

Continuous Communica-
tion

All stakeholders agree to consistent and open communica-
tion to build trust, articulate mutual objectives, and foster
cooperation.

Backbone Support Organi-
zations

A separate organization, called a backbone, is created to
manage CI and is staffed with personnel to serve the ini-
tiative and coordinate participating organizations and agen-
cies.

splintering effect that can occur as these organizations start working together. Having members that
commit to a common agenda can help mitigate this potential fracturing and articulate the concrete
benefits of working together.

Using a common set of measures provides the ability for an alliance to track progress toward its
goals and to provide formative feedback. Shared measurements are one of the most challenging
of the five conditions to achieve [19], since partner organizations have different goals and pri-
orities and different ways to measure their achievements. Developing shared measurements also
costs considerable resources and time. Further, trust comes into play as it can be unclear how the
varying measures across organizations will be used, such as comparing progress across partner
organizations conducting similar activities.

Mutually reinforcing activities are those activities that members engage in to accomplish the goals
of an alliance. This includes the need for the partner organizations to understand each others’ mis-
sions and goals, as well as the coordination of activities to accomplish those goals. Continuous
communication includes the style and consistency of communications between members and part-
ner organizations. This also relates to trust and the need for alliances to build trust through active
and participatory communication that all contribute to relationship building.

Backbone support is described as the network administrative or lead agency that increases the CI
group’s effectiveness [20]. Effectiveness is increased when the backbone focuses on communi-
cation, sharing information, building trust, and engaging in activities that are mutually reinforced
throughout the wider CI [21].

Researchers and practitioners often describe the CI model as the “multiplier effect”, meaning that
the results of the wider group will continue and spread [22]. However, it is important to note that
small changes must be made in the organizations that are part of the alliance to enact change at the
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broader level. In other words, continuing with the same operations of an individual organization
and only coming together on the premise, rather than the active articulation, of a shared mission
will not result in the goals of a CI [22].

2.2 Dynamics of Past Organizational Practices
While the benefits of partnering to embrace CI are great, successful CI partnerships are dependent
on the dynamics between and within the partner organizations. One researcher emphasized the
importance of tapping into the “local knowledge” of the leaders in the partnership who represent
the organizations, which, in turn, enables the leaders to gain legitimacy within the partnership
[23]. Actions that can impede successful partnerships include conflict over goals and objectives,
different philosophies among partner organizations, power relations, and community exclusion
[24]. Power imbalances can inhibit equity-focused goals as well as inclusivity in partnerships.
Further, power imbalances can inhibit the building of trust among members [25–28]. Balancing
the power dynamics and honoring values of the partner organizations in CI partnerships is an
acknowledged challenge that is critical to address [29–31].

There is a need to build capacity for cooperation and mutualism (engagement in mutually re-
inforcing activities) among partner organizations, including ensuring sufficient and comparable
incentives to establish a “symbiotic inter-dependency” [24]. If partnerships are to be effective,
then mutual benefit and reciprocity are needed [32, 33]. Further, Ostrom describes the connection
between communication and trust, stating that in general, “...the efficacy of communication ap-
pears to be related to the increased trust that individuals acquire when promises are made to them
in a face-to-face setting” [33, p. 158]. Loss of trust can lead to partner organizations leaving (or
disengaging in) the partnership [33].

Specific partnership goals may not be clear, or members may differ in their understandings and
interpretations of what the goals mean [34]. This can quickly lead to further distrust and misun-
derstandings and can potentially lead to conflict between partner organizations. This only further
emphasizes the importance of establishing shared language and norms, as well as the necessity of
truly understanding each member’s organization and the contexts of the people that the organiza-
tions serve.

2.3 Honoring Partner Organizations and Individual Members
Honoring members’ expertise and background is also essential in building trust. It has been found
that, due to the newness of the model and the lack of inclusive community voices, the CI model has
not yet proven to be effective [35]. One criticism of the CI model points to a failure of the model
to ensure groups employing the CI framework are adequately addressing equity. This includes
ensuring that community members of the partner organizations have a voice within the group,
which is centrally related to the research that states groups are more effective when they study
the issue and its context [36]. Context, in this case, includes the community’s voice in identifying
and addressing problems through shared decision making. Because these organizations represent
students and other communities of color, the silencing of any member in Alliance operations can
enact further exclusion of those communities.

A group of researchers sought to understand what makes CI an effective approach to partnership
work that leads to systemic social change. They found that the “...promise, as well as challenges,
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lie in its inherent demand for relationships between ‘unlikely partners’, its call to establish equi-
table practices in relationship building and its goal to foster systemic change through collective
responsibility” [37, online].

As stated by Kania and Kramer, “Without purposefully bringing an equity lens to bear on every
aspect of the collective impact process, practitioners inevitably miss opportunities to seek out, rec-
ognize, and purposefully resolve inequities in their local context that can block the change they
seek to achieve. [Simply] adding ‘equity’ to the collective impact agenda is not enough. Organi-
zations engaged in collective impact initiatives should first consider and act on how they need to
change within by applying an equity lens to their own people and practices” [14, p. 2]. This in-
cludes navigating through the discomfort often experienced when discussing concepts associated
with equity, such as racism and misogyny [38, 39]. Regardless of the uncomfortable conversa-
tions that may arise, it is important to develop common language, as well as shared methods for
disaggregating student data [14] based on the demographic changes sought by the CI.

3 Methodology
Our research questions were What were the Alliance members’ prior experiences in collaborative
networks that they bring into the new Alliance? and In the context of equity, how are the newly
formed Alliance’s members’ funds of knowledge being honored and valued?. To answer these
questions, we used the Framework Method [40] for conducting a qualitative study using a semi-
structured interview protocol with members from partner organizations within this Alliance2.

3.1 Data Collection
Two of the researchers conducted the interviews in which participants reflected on the first four
months of the start of the Alliance to gain baseline knowledge of the type of early patterns and
norms being established and factors that may contribute to their establishment. We asked questions
designed to elicit a clear picture of members’ frame of reference for beginning the collaboration.
The members interviewed represent the partner organizations. The questions were derived from the
definitions of the CI model (see Table 1). For example, under the Common Agenda code “Identifi-
cation of Problem to Address Collectively”, we could tag this as experiences in their existing/prior
teams (“how prior teams identified problem to address collectively”) or we could tag this as related
to the Alliance (“how the Alliance identifies problems to address collectively”). This provided an
easy way for us to identify the experiences that members brought into the Alliance and how those
previous experiences influence the Alliance to date.

We conducted interviews with 13 leaders from each of the networks and partner organizations
to understand their institutions’ historical context and their own professional background in their
networks, societies, and organizations through the lens of wider CI. These members included five
people from academic institutions, five organization leads from their respective partner organi-
zations, three organization leads from their respective grant-driven networks, and one external
partner organization responsible for research and evaluation. These leaders are all associated with
and actively engaged in activities to broaden participation in engineering programs.

2Protocol and questions can be provided upon request
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3.2 Data Analysis
The interviews ranged from 24 to 58 minutes, averaging 44 minutes. During the semi-structured
interviews (conducted virtually using Zoom), the two primary researchers documented in-the-
moment, synchronous reflections about members’ responses to the questions. Through this pro-
cess, they were able to hone in on specific topics, themes, and questions that were highly referenced
during the interviews.

Prior to starting the asynchronous coding and following the Framework method for qualitative
analysis [40], two of the researchers established a set of codes based on the CI model to engage
in a deductive coding process. In addition to those, we formed new codes that we defined as
preconditions. These codes evolved from discussions after interviews were conducted and were
based on the synchronous note-taking taken during the interviews, as well as documented literature
regarding best practices when beginning collaborative work (see Section 2). The preconditions
included how the partner organizations were formed, the motivations of the partner organizations
to join the partnership, members’ expectations, members’ work styles, and relationship building
among members and partner organizations. These were found in the interviews but are not included
explicitly in the CI model from which the other codes were formed.

After establishing the codes a priori, the primary researchers and one additional researcher asyn-
chronously coded one of the interviews using Dedoose [41]. We used descriptive coding (first
round) and focused coding (second round) to classify responses [40? ]. One of the researchers
initially coded the data, then the research team reconciled the analysis through a process of col-
laborative coding and discussion [42]. Once one researcher completed their interview, one of the
other researchers examined 10-20% of the codes and recorded any additions and disagreements.
All three researchers then met to discuss the few coding differences and came to a consensus on
the codes. The remaining interviews were divided between the three researchers for the first pass
of coding, which was followed by a second coding pass of 10-20% of text and codes. After we
completed coding, we met again to discuss discrepancies and arrive at a consensus on how these
minimal coding differences should be resolved.

After coding and categorizing the data, the three researchers, along with the fourth, met to discuss
themes and findings based on theoretical frameworks and scholarship. These discussions con-
tributed to findings in Sections 4 and 5. When referencing the quotes, we edited for brevity and
clarity by taking out unintended or unneeded repetition or filler words.

3.3 Positionality Statement
All four researchers identify as cis-gender white women with research experience. We recognize
that our work is in part only possible due to the structural racism and injustice in our communities.
Without disenfranchisement of students in STEM, we would not have funding for our work. Re-
searcher 1 has over 15 years of experience as a researcher, with extensive expertise in the field of
diversity and equity in PK-16 environments.Researcher 2 has been a STEM education researcher
and evaluator for over 15 years. Her work has a focus on broadening participation in computer
science and engineering. Researcher 3 has industry experience as a computer scientist and systems
analyst combined with formal training in education research. Her research has focused on broad-
ening participation in computer science. Finally, Researcher 4 holds a tenured academic position
at a U.S. university. She conducts historical research on framings of human differences (including
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conceptions of race, gender, sexuality and disability) in higher STEM education, and on under-
standings of racism, misogyny, and other forms of harm and violence in the context of engineering
knowledge and practice.

4 Results and Implications
After the semi-structured interviews were transcribed and coded, we examined the data based
on 1) the foundational structures that members bring with them to the Alliance and 2) structural
constructs within the Alliance that will impact the work moving forward. The CI model was
disaggregated into prior experiences in other collaborative work and current experiences within
the first four months of the Alliance.

4.1 Previous Experiences
To answer our RQ1, we examined the results along the Alliance members’ previous experiences.
Since members with previous and varying experiences work collaboratively, we focused on those
experiences for conceptualizing the frame of reference each member has regarding structural as-
pects of networks, organizations, or institutions.

4.1.1 Preconditions
In the context of CI, preconditions refer to various ways members have built relationships through
experiences and beliefs about member engagement. Although various members have worked to-
gether in formal and informal ways in the past, they have not worked as a full group. Preconditions
consist of team formation, motivations for doing the work (organization and personal), expecta-
tions, work styles, and building relationships within the Alliance.

Many of the interviewed members reflected on the need for authentic buy-in from all members to
collaborate on the goals of the work put forth. That is, shared commitment across the Alliance is
required in order for any individual commitment to bring results. The buy-in is often in the form
of personal or professional motivation and relationship building. One participant stated, the work
of the network “should be very much tied” to their “individual [student’s] development plan and
professional development to move along a career pathway guided by evidence-based practices that
will be implemented and supported by their institution.” Supported by research [23], this statement
speaks to the motivation and importance of relationship building and using “local knowledge” to
meet the needs of the specific members, which is to increase student success, especially among
historically marginalized students in the engineering field. Further, when buy-in is acquired, there
is an increased sense of legitimacy to the work [23].

Additionally, members documented the importance of empowering the stakeholders to be change
agents in the previous networks they have been part of, while also providing avenues for collab-
oration within the CI. One interviewee stated, “...the work that got done (focused on) bottom-up
top-down, collaboration of the stakeholders, empowering stakeholders as change agents, providing
adequate support and resources for them to be able to collaborate and network, leveraging profes-
sional societies and expertise.” The list of needs for work to get done provided by this participant
supports the concept that power imbalances need to be addressed. Bottom-up and top-down col-
laboration or empowering members at various levels to complete work will not be accomplished if
members feel dishonored or lack trust [29–31].
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4.1.2 Common Agenda
A common agenda among members is critical as it lays the foundation for a common understand-
ing of the problem and a joint approach for solving it [14]. For this, we examined problem iden-
tification, members’ relationship to the problem, vision for change and goal setting, and that the
goals match with the objectives of members. As previously stated, members are all committed
to BPE through diversifying pathways to engineering learning and livelihoods, with expertise in
working across the engineering pathway. Members also have extensive personal and professional
experience working broadening participation in engineering.

In previous experiences, most of the members speak about setting goals collaboratively with part-
ner organizations. The members and partner organizations that have partnered with others often
do so to access the assets that include expertise, networks, political capital or influence, monetary
support, and more expertise of another organization. This is a way to maximize resources and share
efficiencies. Typically, as evident in the interviews, members have experience with collaboration
that has been goal-focused and well defined. For example, one member speaks of past collabora-
tive partnerships with the recognition that “there’s only so much bandwidth so let’s find the low
hanging fruit, where it’s going to be a benefit to both our organizations, both our memberships and
let’s work on those couple of things to get started. And again, if it expands and grows, or in the
course of our work we find other things that make sense then great, we’ll do it.” This is supported
in research through the concept of mutualism [24].

4.1.3 Shared Measures
Shared Measures within an alliance allow a team to consistently collect data and measure results to
ensure efforts remain aligned and accountable. This includes the examination of data collected and
analyzed and aligning the data with goals for accountability. Members discussed shared measures
in three different ways to evidence change in previous collaborative networks: 1) report to funders
or other stakeholders, which are often connected to metrics that verify participation (such as atten-
dance records, transcripts to monitor grades, demographics etc.), 2) measure for how funds were
spent in more of a budgetary capacity or 3) set strategies for the organization. The types of shared
measures discussed by members varied based on needs such as entering data for Federal grants
or focusing on target resources for their demographics. For example, one member noted data may
show that they are successfully recruiting diverse talent, but not retaining talent. Or, provide shared
shares “to translate some of those best or promising practices over so folks can use that to evaluate
what they’re doing, make corrections, adjustments and changes and see if we can see some change
in the numbers moving forward.” Finally, the varied way shared measures were discussed in the
interviews regarding previous experiences is supported by research that states shared measures are
one of the most challenging of the CI conditions because of varied programmatic goals [19].

4.1.4 Mutually Reinforcing Activities (MRA)
We examined MRAs for mission alignment and coordination of services. Successfully defining
these MRAs means understanding the value proposition for both sides of a partnership. Many
of the members bring a history of collaboration around establishing student support, recognizing
that students are often tapping into multiple organizations’ resources. It has been a more efficient
use of resources and expertise to leverage the programmatic expertise of each organization rather
than any one group trying to offer more comprehensive work with one member noting that “every
time we collaborate, it’s out of purpose and most things we collaborate around our programming.”
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This concept is supported by the multiplier effect, or the interactions of small changes making
a larger impact [22]. Members are also cognizant that not all communities are the same, and
so coordinating activities allow even under-resourced member networks to meet the needs of all
students when there is programmatic alignment.

Most of the members spoke to the importance of a value proposition alignment when developing
MRAs for both the Alliance and partner organizations, which is supported by the concept of mutu-
alism [24]. One stated, “the value proposition has to be both for the individual and the institution
they come from, in addition to their connection to the hub, and its work”. While another partici-
pant recognized that “there’s a realization that if we don’t share, if we don’t figure it out together,
we’re all going to be in a lot of trouble.” By recognizing the collective power, collaboration is
supported because members see value in sharing and exchanging knowledge to reach an end goal.
For example, when working with industry stakeholders, competing companies can come together
to exchange best practices because “we all need to retain and advance our talents. So, we’re kind
of all in this together.”

In addition to programming, there are also opportunities to leverage one member’s political capital
in support of the greater good. This form of capital is exemplified within institutions where one
stakeholder may be better situated than others to talk to senior administrators serving as the final
“yes” in a line of decision-makers. For example, one participant stated, “Typically, their (program
managers) voices are not held in high esteem because they’re at lower levels. Whereas I can talk
to presidents and chancellors. I have some sway with them.” This concept is in direct opposition to
the foundational tenets of CI partnerships, which focus on relationship building and trust, breaking
down barriers, and balancing the power dynamics to include all voices and stakeholders [29–31].
If these previous experiences with power dynamics are brought into the Alliance, it could create
difficult or adversarial collaboration at times [26], which could lead to a lack of trust [25–28] or
partner organizations leaving the partnership [33].

4.1.5 Continuous Communication
Continuous communication in CI refers to the various ways members have engaged in communi-
cation structures that foster trust, consistency, and either opened or closed paths of communication
in previous networks. Some members stated formal meetings had set agendas while others used
informal meetings to communicate needs of stakeholders and discuss steps to address issues. In
response to a question regarding regular meetings and agendas for sharing knowledge, one partic-
ipant stated “Do we have a meeting agenda? No, and we will never go that route.” Further, the
concept of top-down or bottom-up decision-making and communication differed among members’
past experiences. One participant stated, “I don’t like to make top- down kind of decisions. I try to
make sure that they (all stakeholders) are involved in the decision making, even sometimes without
it slowing the progress of the project.” In essence, this speaks to the highly varied ways members
have engaged in collaborative or non-collaborative communication in the past, all of which could
influence the current Alliance [33].

4.1.6 Backbone Support
Backbone support, within the context of CI, refers to a sub-group of the larger Alliance tasked with
managing the entire project [20]. For the backbone support to be successful, sufficient funding and
resources are needed, as well as strategies for knowledge generation and knowledge sharing. How-
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ever, in the coding of the interviews, the researchers had a difficult time finding true measures of
backbone support due to the limited knowledge of what backbone support truly is in a CI. There-
fore, we pulled the closest configuration of quotes to support research of the current Alliance’s
backbone support. Organizing accountability measures within prior networks is one frame of ref-
erence that members reported. Specifically, “[anon] kind of doles out money and expects people
to do things and report about it, [but] there’s no shared learning.” Another participant stated, “my
day to day responsibilities [include] just making sure I have control over the budgetary oversight
on the grant making sure that all members remain engaged and doing what we had proposed to the
funding agency.”

Intentional knowledge sharing with the wider network is another piece of backbone-related sup-
port that was prevalent among members. One participant specifically stated, “So that there is the
structural support and providing resources beyond just getting people together to talk. We have
resources like newsletters and other things that help you participate casually as well as deeply.
[These] are really important. And that there’s utility to being part of that community. And that
comes from a growing sense of resources. And the best resources are when they’re curated, and
are crowd sourced.”

4.2 Honoring and Valuing Knowledge of Members
For a successful Alliance, it is important that the individual organizations, societies, and networks
feel they are being honored, valued, and as if their voice is being heard in the Alliance. To answer
RQ2, we focus on the current reality of the Alliance, again based on the CI model.

4.2.1 Preconditions
The members are “truly invested in trying to build capacity in this (diversity in the Engineering
field) space”, with a group of individuals who are and have been motivated and dedicated to BPE
for years. This is evident through the collaborative work and relationship building between and
among organizations and societies with similar missions and goals. The Alliance team’s formation
process, however, has created a sense of siloing among some members. Several members stated
that a major goal of the Alliance is to “break down silos” to “recognize that their value proposition
can only be strengthened by a collective value proposition in collaboration and in concert with all
of the other stakeholders.” Essentially, for future success, members stated that there needs to be
an importance placed on interlocking the missions of the various groups to decrease siloed efforts
towards the work of the overall goal of the Alliance [34].

4.2.2 Common Agenda
Though the Alliance came together in response to a major solicitation, members reported that
it was created quickly and focused on a theoretical concept of BPE rather than defining actions
to address it [14]. Now that the Alliance is funded, there seems to be cautious optimism for its
potential impact. One member says “the reason why we were excited about what this Alliance was
going to look like is that it was essentially bringing together all of these heads of the family, if
you will, to align our goals where they could ally to make something bigger than we could do on
our own.” Despite this, there remains a critical need for more deeply defining roots of the problem
and Alliance goals [34]. Another noted that “we haven’t even really spent the time understanding
the problem that we’re trying to engineer the solution to.” Others echoed this sentiment, stating
“I think clearly defining what that common goal is, is part of an essential, successful Alliance so
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that we’re not going in different directions and not understanding ultimately what we need to do to
support the overarching goal that we all agree upon.”

In addition, the required systems change at the heart of the Alliance’s goals is complicated and
has arguably been ignored in the first four months. One member noted that “there isn’t enough
attention paid to the to the uniqueness of the different communities involved. . . sometimes I feel
like we’re not even at the point of recognizing that indigenous communities are separate from
Black communities are separate from next communities and I think that, you know, this idea that
if we just promote diversity, it will appear is problematic and is doesn’t work.” This statement
supports the concept of “local knowledge” described in the background section [23]. Further, the
implementation context is also complex with members representing multiple stakeholders. One
participant stated that they (the member) are still trying to define “why do I want to be a part of
this other than the greater good because at the end of the day, you know, there’s only so much time
for the greater good in the work we’re all doing right.”

4.2.3 Shared Measures
Research shows that the concept of shared measures in CI is one of the most challenging of the
CI conditions because of varied programmatic goals [19], and the Alliance’s shared measures are
still evolving. When coding the interviews, we had a difficult time aligning the member quotes
to shared measures due to the members’ limited knowledge regarding shared measures within a
CI. Therefore, we pulled the closest configuration of quotes to support research of the current
Alliance’s concept of shared measures. The leadership team is focused on the grant-management
components, specifically creating systems to monitor progress of each strategy area. It is noted
that moving towards a more collective and strategic use of data may just take more time, as we are
in the infancy of this Alliance. One member of the team noted that “I think we have to build some
initial successes with your one or two groups, and then replicate that. So I think once one group
sees that (initial success), buys into a vision, then you can be successful with influencing others.
Until that happens, everyone’s gonna keep saying it’s too hard. We basically have gatekeepers on
networks here. And there’s a tendency to be protective of those.” Conversely, one member stated,
“I feel like we can’t see the forest for the trees [and] we’re more preoccupied in the first quarter of
putting things on Excel sheets. than having deep dive discussions.”

4.2.4 Mutually Reinforcing Activities
Developing authentic partnerships takes time. The Alliance is still in the early stages of developing
the strategies to be used for meeting Alliance goals. Structures are being put in place to coordinate
activities, however “we meet regularly, but it’s not clear what the actions are” according to one
participant. Though the project is currently developing, many of the groups involved in the Alliance
have prior (and current) working relationships and are optimistic about the potential impact of the
program.

4.2.5 Continuous Communication
The importance of continuous communication was clear in the data. While continuous communica-
tion structures are outlined, there are members who identify as part of a historically marginalized
group in engineering and who reported a sense of being ignored or undervalued. A participant
stated, “I think there is a sense that people (the project backbone support) think they are being
honored. But the framework by which they’re honoring is one that says you have expertise; we’re
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helping you amplify your expertise in a siloed environment.” Arguably, members are ‘unlikely
partners’ in the wider community, therefore establishing equitable relationship building practices
is a documented challenge for this Alliance [37, online].

4.2.6 Backbone Support
The most prevalent theme of backbone support evidenced in the interview data was funding. There
is not a common understanding of how funds are being equitably allocated and how the allocated
funds will create impact. To summarize this, one participant stated, “How are those resources
being used to build capacity to affect change, versus resources that are being used to just build
a website?” Supporting this concept is the lack of structure in the Alliance around knowledge
sharing. Questions that members are asking include, “How do we engage people to be part of the
community?” and “How do we engage institutions?”

An important piece to note, regarding the backbone support this early in the Alliance collaboration,
is that there is work being done behind the scenes that is not yet visible to all of the members. They
are working on hiring a program manager, developing a library and website as a resource, and other
behind the scenes work that will become visible to the wider group in the coming months, therefore
creating a platform for mutually reinforced activities in the Alliance [21].

5 Identifying Early Stage Issues
Overall, we found a wide variance in most areas of analysis, which supports the need for greater
alignment and for addressing the foundational concepts of culture and trust. This analysis opened
the door for us to identify early stage issues related to the way that the Alliance collaborates. The
members we interviewed were forthcoming in their previous experiences as well as perceptions of
the current Alliance. Based on the results, there are early stage issues that can be addressed.

Here, we compare pre-alliance collaborative work and the collaborative work reported thus far in
the Alliance.

5.1 Identifying Early Stage Issues
Inherent in both the power dynamics and historical contexts of the Alliance partner organizations,
there is a sense of a hierarchical culture, common in educational and policy and other professional
settings, that impacts the organization’s impact of support and intervention. This is experienced as
an inequitable situation in which the organizations and their individual representatives are impeded
in bringing about social change [29–31]. However, as seen in other types of collaborative research
and practitioner practices, a balance of trust and a shared orientation for authentic collaboration
between and among all of the partner organizations and societies is essential to influence social
change [43]. Further, there is a need to recognize the imbalance of power and oppression based on
gender, professional identity, and race/ethnicity, all which lead to power dynamics that could make
collaboration difficult or adversarial at times [26, 44]. Arguably, the Alliance needs authentic col-
laboration to impact social change (e.g., increase diverse engineering higher education graduates),
recognize and address inherent power and oppression dynamics, and work towards eradicating
inequity in the Alliance.

5.1.1 Early Stage Implications
Members are invested in the overall work of BPE, both in previous experiences and within the
context of the current Alliance. A challenge for the Alliance is to empower all voices to come
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together as change agents in a collaborative relationship. This challenge has already started to be
addressed through sharing and connecting individual goals to the collective goals during biweekly
meetings. Through this process, we predict members will develop a deeper connection, therefore
breaking down silos, which will strengthen the collective value proposition.

5.1.2 Common Agenda
All members are joining the Alliance with the best intentions and optimism for broadening partic-
ipation in engineering. We found a distinct difference in the process of setting a common agenda
and creating collaborative relationships between organizations that have a more diversified fund-
ing model with a more “bottom-up” approach, as compared to organizations that have a primarily
grant-driven with a more “top-down” approach. It remains to be seen how the Alliance members
refine the goals and objectives over time to have greater impact, especially since each of the mem-
bers have their own organizational goals, missions, and stakeholders that hold them accountable.
It will be important to fully develop a shared understanding of 1) root causes of underrepresenta-
tion and exclusion in engineering, 2) assets that each partner organization brings to the team, and
3) how to coordinate and leverage the social capital, political capital, and programmatic expertise
from each group so that the Alliance’s impact is greater than it would be if each group continued
working in a siloed effort.

5.1.3 Shared Measures
The evidence suggests that the Alliance is currently focused on setting up grant accountability
rather than identifying measures to better design MRAs in support of collective agendas. Under-
standing the data landscape to support further work in defining the common agenda could be an
opportunity for members to engage in creative problem solving. Importantly, collectively defining
the success measures and accountability towards achieving systemic change, and not purely moni-
toring, can help build a sense of shared commitment, trust, and accountability towards each other,
not just to the funding organization.

5.1.4 Mutually Reinforcing Activities
Developing MRAs that add value to the member organizations and the Alliance is an active and
on-going process. The greatest risk is that the Alliance funds “more” of what the member orga-
nizations are already doing and not developing strategies for systemic change. Avoiding this trap
will depend on refining the common agenda, nurturing continuous communication, and identifying
appropriate shared measures.

5.1.5 Continuous Communication
Continuous communication ensures that all members have shared knowledge of decisions and all
voices are heard and valued within the Alliance. However, a current challenge is involving all
voices equitably. As evident, the Alliance involves thought leaders in their respective fields. How-
ever, engaging in reflective knowledge generating and sharing to specifically include the voices of
silenced members is imperative for CI.

5.1.6 Backbone Support
Four months into the Alliance, it is important to note that the backbone support concept and def-
inition are among the least understood aspects of the overall project, somewhat due to the lack
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of backbone support visibility. As evident in the data, many members do not have specific ex-
periences related to the purpose of a backbone within the context of the CI model. Therefore,
generating new knowledge is a concept many were unable to report during their interviews. Gen-
erating new knowledge, especially within the context of the perceived siloing among members’
networks and organizations, will need to be thoroughly outlined by the wider group and supported
through the efforts of the backbone.

5.2 Limitations
The CI model is relatively new to most members of the newly developed Alliance and there is a
limited shared understanding of the definitions of a CI overall and the specificity of the purpose of
backbone support in the light of CI aims. Therefore, a current limitation is a gap in the foundational
definitions needed to complete the Alliance work with fidelity. Another limitation is the timing of
the interviews, which were completed in the early stages when the team was still forming and
evolving with new members added frequently. Due to the timing, some of the key personnel were
not able to participate. Finally, our codebook has only been vetted in this one context, so there is a
lack of use in a wider context.

6 Conclusion
There are three main takeaways from this study. First, the Collective Impact model can be used
as a method of inquiry for teasing out how well members function as an Alliance and what types
of previous experiences members bring in that might influence the collaboration either positively
or negatively. Second, based on our results, it is inferred that experiences in previous networks
influence members’ collaborative work within a CI group. Finally, based on members’ previous
experiences, all of the CI key components may not be equally valued or implemented, and this can
influence the group dynamics.

It is important to emphasize that Alliance members have optimism for the future work of this
collaborative. Members are considering elements in a more robust way than is customary and there
is excited anticipation for the project looking different in the coming months, primarily through
the behind the scenes work of the backbone support team.
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