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Abstract—The computer science (CS) for All movement has
brought increasing opportunities in middle and high school, and
there is a growing body of research on how to increase students’
interest and knowledge. But little attention is paid to the
structural factors that support or undermine student persistence
in CS during the transition to college, which is where the most
vulnerable students leave the pathway [1], [2]. In this paper we
will describe how our researcher-practitioner partnership (RPP)
has built a cross-sector collaboration to align structures and
supports across a local school district, community college, and
Latinx youth-serving non-profit organization. This work is
guided by the following research question: What factors help or
hinder cross-sector collaborations from building structural
supports for students to persist in Computer Information Systems
(C1S)? Data include interviews of teachers and counselors, and
notes from monthly RPP meetings including key stakeholders
and designers of the pathway. Data analysis was guided by the
absorptive capacity framework, which describes readiness to
“value new information, assimilate it, and apply it in novel ways
as part of organizational routines, policies and practice” [3]. The
findings highlight key strategies that others can use to foster
cross-sector partnerships that build sustainable, structural
supports for student persistence in CS, including having a broker
help translate organizational tensions and identify points of
opportunities to create authentic engagement opportunities.
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. INTRODUCTION

The Computer Science for All movement was spearheaded
in 2016 by then President Obama as an initiative to have every
student learn computer science [4]. This movement has grown
with support from the National Science Foundation, resulting
in increased computer science (CS) and computational thinking
opportunities in schools throughout the US. However, little
attention has been paid to the transition from high school to
college. While K-12 students might be introduced to CS,
whether they launch into post-secondary opportunities or
career exploration is left up to individual students with few
formal connected pathways to colleges and universities. The
most vulnerable students are less likely to successfully traverse
complex institutional systems, and thus less likely to attend or
persist in college [1] or CS.

While some programs support students in this transition [1],
[2] they often focus on changing the individual student rather
than on the structural factors that cause the disconnect. Many
school districts are working in research-practice partnerships to
offer CS courses or integrate it into core areas, with the aid of
researchers to inform best practices [5], [6], but fewer are
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working with colleges and universities to help build the support
systems students need to continue in CS beyond secondary
school. Disconnects within and across schools can prevent
student engagement and momentum. For example, studies
show a lack of alignment in course content and standards from
high school to community college in subjects like math [7].
Similarly, a lack of clarity about course sequence and how the
content relates to careers leads many students to leave
computing pathways [8]. Thus, creating continuity and clarity
in what students learn across institutions can increase
persistence, graduation, and college enrollment [9].

Cross-sector  collaborations have experienced a re-
emergence in education to combine resources to support
students holistically [10]. One successful example is the
Linked Learning guidebook which details how to build
effective and equitable college and career pathways.
Successful collaborations are strategic partnerships that have
jointly negotiated expectations and goals; they are constantly
evolving and require strong leadership, communication, and
coordination to plan for the dynamic and unpredictable nature
of the education landscape. Their success relies in part on
knowledge brokers who understand the different organizational
demands and assets and help to negotiate tensions and identify
opportunities. They facilitate interactions, organize priorities
and information, and help to build and maintain relationships
[11].

Il. THE ROLE OF COMMUNITY COLLEGES

While national efforts like Linked Learning create
pathways to community college, there are few examples of
how to create equitable CS pathways that include these
institutions. This is particularly important because community
colleges serve large numbers of low income Latinx students;
46% of Latinx undergraduate students attend two-year
institutions, compared to 34% of all undergraduates [12]. To
broaden participation in CS, we need to create inclusive
computing education pathways that include institutional
supports for the transition to higher education. In the absence
of these supports, students are left to negotiate the transition
themselves, meaning first generation students and those who
must work often do not persist beyond high school [13].

Student success requires coordinated, culturally responsive
support structures. This is particularly important for students
who are the first in their family to attend college [14], [15].
Support must go beyond academic guidance because
economic and personal challenges, as well as confusion over



course sequences, are common reasons that community
college students leave CS [8].

I1l. CONTEXT

The work reported here is from a research-practice
partnership (RPP) based in the central coast of California that
consists of a K-12 district (82% Latinx, 78% eligible for free or
reduced lunch), a community college (a Hispanic-serving
institute with 45% Latinx student population), a non-profit
organization that supports Latinx youth to pursue jobs in the
tech sector, and a non-profit research organization [16]. The
area is rural, agricultural and predominately Latinx. The RPP
aims to build a robust Computer Information Systems (CIS)
pathway that supports vulnerable, predominately Latinx youth,
with cultural relevant supports. The focus is on CIS rather than
CS because the focus is on preparing students with job skills in
addition to preparing them for higher education. The work
reported here is guided by the question: What factors help or
hinder cross-sector collaborations from building structural
supports for students to persist in CIS?

The first author of this paper is the knowledge broker for
this RPP. She has a Masters in Applied Anthropology, and has
taught science and technology classes to students throughout
the county, including the district detailed here. She als works at
the research non-profit. ~ Using her knowledge of both
practitioner and researcher realms, she guided the collaboration
in unearthing tensions and negotiating solutions. Her
anthropology training allowed her to be fully immersed in the
project work, while taking detailed observation notes during
partnership meetings [17]. The second author represents the
research team in the RPP and has worked with all three of the
practice organizations for over 15 years.

IV. THEORETICAL FRAMING

We use the absorptive capacity framework to understand
the opportunities and challenges that face cross-sector
collaborations trying to build systems that transect multiple
institutions. Farrell and Coburn [3] define absorptive capacity
“as the ability to recognize the value of new information,
assimilate it, and apply it in novel ways as part of
organizational routines, policies, and practice.” This
framework provides guidance around which conditions support
or detract from development of the CIS pathway and how
partnerships can leverage their individual strengths for the
collaboration.

We applied this framework to help us understand what
helped foster cross-sector collaboration, and the interactions
that support absorptive capacity. Each organization’s ability to
learn from external partners requires the buy-in and
involvement of key staff members, trust, strong communication
pathways, and flexibility from those they are working with.
This is particularly important, given the dynamic environment
of school districts, colleges, and non-profit organizations.

We also use an RPP framework [5], [6] and utilization of a
broker [11], [18] to understand how cross-sector collaborations
can build an equitable CIS pathway that students can
successfully traverse within and across institutions.

V. METHODS

Interview data were collected by the research team from
counselors, faculty, and teachers from both the community
college and the school district. They were designed to
understand what challenges they face and the strategies they
employ in their efforts to increase CIS offerings and build a
cross-institutional pathway. Interviews lasted between 30-45
minutes and questions included: “What are the resources or
opportunities already in place for computing activities at your
school or district?” and “How are you thinking about “equity”
in CIS opportunities in college or K-12?”

Observational data were collected by the lead author over
2.5 years at cross-sector meetings that include a monthly
leadership team (LT) meeting comprised of decision makers
from all four organizations, as well as at subcommittee
meetings focused on teacher professional development,
marketing and communications, and student supports. The
observations focus on the negotiations that take place to build
and maintain these cross-sector collaborations in an RPP.
Cross-sector pathway design and major decisions were
negotiated at LT meetings, while implementation and direct
services were undertaken by the counselors, faculty, and
teachers.

Interview data were analyzed by first organizing them by
question and then comparing across participants to identify
themes. Responses were reviewed to identify issues brought up
within and across institutions. The results were summarized
and compiled into reports. The LT discussed the findings and
negotiated action items that arose from the results. Meeting
notes were analyzed using the absorptive capacity framework.

VI. RESULTS

The data suggest that the collaboration has aligned
structures and supports to build a CIS education pathway
across institutions in several ways. These include: 1) dedicated
high school teachers working together on course content and
pedagogy; 2) classroom equipment and supplies to support
hands-on learning; 3) connections between high school and
college faculty on course content, online tools, assessments,
and classroom setup; 4) college field trips for high school
students; 5) articulation of two high school classes for college
credit; 6) professional development for high school teachers; 7)
connections between high school and college counselors to
align outreach; 8) college teaching assistants in high school
classes; and 9) pathway onramps that include summer camps
and high school clubs.

The factors that help or hinder cross-sector collaborations
from building structural supports for students to persist in CIS
are situated in the four attributes that contribute to absorptive
capacity [3]. The following section explores how these
attributes can be expanded and applied directly to the cross-
sector collaboration.

A. Prior Knowledge and Expertise

The prior knowledge and expertise of individuals has
helped the cross-sector collaboration build structural supports
for students to persist in CIS. For example, prior knowledge
of each other's institutions, such as an understanding of the



different priorities, played an important role in building the
collaboration. For example, the knowledge broker had both
taught at the school district and had done educational research
at the non-profit using the district as a site. Researchers at the
non-profit organization had previously implemented CS
programs at the school district. Staff leaders at the community-
based organization had previously worked at the research non-
profit. And faculty from the community college had worked
with all three organizations on different education initiatives.
Therefore, individuals understood well the challenges that each
organization faced in implementing the pathway and culturally
relevant student supports.

In addition, individual members of the leadership team
brought prior expertise that facilitated the ability to build
structural supports for students to study CIS. College faculty
and administrators brought expertise in CIS content and
pedagogy which helped the high school teachers design
curriculum and set up the physical classrooms to create a
learning environment that prepared students for college CIS
classes. This knowledge also helped to ensure that the high
school classes went beyond a singular focus on CS to also
introduce students to computer and information systems, a
career-focused track that has particular appeal for students who
do not plan to go directly to a 4-year college. Partners from the
school district brought a range of previous experience,
including serving in administrative roles at the high school
level. This helped with communication about the CIS pathway
with school principals, including how to brand the pathway and
connect it to other school and district-level initiatives.

Staff from the community-based organization brought
expertise in designing culturally-relevant, asset-based supports
and leadership opportunities for Latinx youth from immigrant
families. They used that expertise to question what was and
was not happening in the development of the CIS pathway.
This included advocating for classes that would address social
justice issues rather than serving as a gatekeeper to weed out
which students study computing. As a result, the CIS classes
had a stronger focus on relevant job skills and career pathways.
They also provided expertise on how to communicate about
computing education and careers to Spanish-speaking families.

Finally, members of the research team brought expertise in
research methods, working in RPPs, and the national CS for
All movement. This helped with the collection of data to
address practitioner questions about how to create an equitable
and sustainable CIS pathway, and the sharing of data in
graphical soundbites that could be used to refine approaches
and assumptions about the pathway. The data showed what
matters to students in their decision to engage or persist in the
pathway, and what teachers need in order to provide equitable
learning environments that have relevance across institutions.
In addition, the research team provided relevant research on
supporting young women and Latinx youth in computing, and
examples of existing high school CIS classes and curriculum.

B. Communication Pathways

The data suggest that the success of cross-sector
collaboration depends on how communication is shared and
how joint problems are negotiated. In this collaboration, there
were both formal and informal communication pathways.

Formal paths of communication were available to all
leadership stakeholders with equal voice and the ability to
pushback within the partnership space; these decisions were
made public within the leadership group. Informal paths of
communication were non-public channels. They entail
employing the broker individually to assert an agenda or
express a viewpoint that might be seen as problematic and/or
different from the original design of the project.

Leadership team meetings are considered formal in this
framing. The decisions made in these meetings were discussed
by all partners and support or dissent was vocalized freely;
most decisions were shared with other members of the four
organizations. This included the formation of ad hoc sub-
committees or strategic design of research. Other decisions,
however, were privately agreed upon and kept at the leadership
level such as which staff members were the best fit for working
across institutions. System-level changes that resulted from
these meetings included the creation of a shared vision for a
CIS pathway, increased support at each institution for the
pathway, increased alignment of CIS teaching and learning
across institutions, and the development of both formal and
informal paths at all partner sites.

Informal communication paths included emails, texts, and
phone calls that were not negotiated by the full partnership.
These paths were used to negotiate decisions that were driven
by a single institution for their needs, such as the shift from the
initial focus on cybersecurity to a focus on software and
systems development. Further, informal communication paths
were employed when an organization was not having their
needs met. Consultation with the broker allowed them space to
unpack issues that formal paths either did not allow due to time
or the sensitive nature of the information. This included
conversations with teachers, faculty, and staff that wanted
more clarity around decisions or to voice concerns they had but
wanted to discuss prior to escalating to leadership.

C. Strategic Knowledge Leadership

Strategic knowledge leadership refers to how well members
of the collaboration can identify and leverage resources at their
organization to build and strengthen a cross-sector CIS
pathway.  Examples of this include a cross-institution
subcommittee that built on institutional communications tools
to create marketing materials that illustrate the pathway
components and how they intersect. Another subcommittee
included school and college counselors who built on existing
efforts to strengthen wrap-around services for matriculating
seniors and formalize their cross-institution outreach to
students.

Individuals have also leveraged their organizational
capacity to strengthen the engagement and persistence of
students throughout the pathway. This work is not possible
without key leaders delegating tasks and building on existing
initiatives and expertise. For example, the school district
administrator leveraged knowledge and relationships at the
middle schools to create a 7"/8™ CIS class sequence to better
prepare students for the introductory high school class. They
built on external resources, such as with the college and local
tech industry to offer field trips and guest speakers. Knowing
who and how to work with is a critical part of creating an



equitable, cross-institutional pathway. But relying on the same
person or persons repeatedly, particularly if they do not have
the requisite relationships or expertise, can hinder this process.

Other examples of strategic knowledge leadership include
knowing how to leverage resources and personnel to continue
supporting students, even during distance learning in the
COVID-19 pandemic. For example, the school district
identified a counselor-in-training, who was hired by the
community-based organization to make phone calls to students
in the introductory CIS class. The research team used the data
the counselor collected to describe students’ challenges in
maintaining focus during class time. The school district also
leveraged other funding sources to purchase Kits so students
could do the hands-on portion of the class from home; a critical
step since the research data show that the hands-on experience
was what students most enjoyed about that class.

D. Resources for Partnering

Resources for partnering are distinct from resources to
support the implementation and work. There is a lot of time,
staffing, and materials needed to partner effectively and we are
fortunate to have a grant from the National Science
Foundation’s CS For All initiative, which requires an RPP and
allows resources to be directed towards the collaborative effort
and not just the direct services.

The use of the grant resources for partnering was seen at all
levels of the RPP. Leadership team meetings gave space to
discuss strategic implementation and big picture ideas. At the
implementation level, it was essential to provide resources for
faculty and teachers to collaborate on curriculum, pedagogy,
and classroom set-up. Further, staff were supported to help
set-up and refine classrooms to meet teacher needs. The broker
mediated these relationships and served as a consultant to
ensure that the right people were meeting to discuss the
pressing issues identified at leadership team meetings.

Further, these resources allowed researchers to negotiate,
refine, and disseminate knowledge to stakeholders often not
involved in these dialogues. Dedicated staff employed for this
project helped researchers refine strategies to recruit
participants. With the onset of remote learning, staff’s role was
redefined to share responsibilities needed by all partners. This
included using a counselor from the school district to help
recruit for expedient research and to bring in relevant resources
for students and families during insecure, transitory times
following the onset of the pandemic.

VII. DISCUSSION

To achieve CS for All, we need effective cross-sector
collaborations that can build sustainable infrastructure to
support students to persist within and across institutions. While
there exists a lot of guidance on the benefits of collaborative
efforts such as cross-institutional collaborations [10], research-
practice partnerships [5] and absorptive capacity, there is little
guidance about how these frameworks transect one another and
how to apply the specific principles to achieving equity in
computer science education [3]. This study is a first step in
describing the efforts of one cross-sector collaborative.

Next steps in this research will cultivate a deeper
understanding of how these principles play out in real time.
This will entail studying how the collaborative leverages power
and resources to maximize benefits to students who have been
further disenfranchised by unequal resources as a result of
remote learning. It is clear is that these cross-sector
collaborations require a lot of time and dedication across all
partner sites. But simply putting in time does not create
equitable results. Favorable results must be negotiated through
organizational tension and facilitated by a knowledge broker.
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