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WIP: Progress of the NSF RED Revolution

Abstract

The National Science Foundation (NSF) REvolutionizing engineering and computer science
Departments (RED) program is an important initiative in engineering education. The goals of
RED are to “enable engineering and computer science departments to lead the nation by
successfully achieving significant sustainable changes necessary to overcome longstanding
issues in their undergraduate programs and educate inclusive communities of engineering and
computer science students prepared to solve 21%-century challenges.” In 2015, six RED projects
were funded followed by seven in 2016 and six more in 2017, bringing the total number of
projects to 19. In addition, NSF funded REDPAR (RED Participatory Action Research), the
collaborative effort between researchers at Rose-Hulman and the University of Washington to
facilitate communication and collaboration among the RED teams and to study the processes
followed by RED teams. This work in progress provides a brief overview of the program and
current progress of some projects. We highlight the diversity of current RED projects through
updates from eight projects across the three cohorts: four from Cohort 1: Arizona State
University, Colorado State University, Oregon State University, and the University of San
Diego, three from Cohort 2: Boise State University, Rowan University, Virginia Tech, and one
from Cohort 3: Georgia Tech. Updates are also included from the REDPAR team about the
RED Consortium (REDCON) and research that crosses the consortium. We hope that this paper
will help the engineering education community to learn how these projects are changing the
landscape of engineering education in the USA and consider approaches for enacting change on
other campuses.

Revolutionizing Engineering and Computer Science Departments (RED)

An introduction to the National Science Foundation (NSF)’s IUSE/PFE: REvolutionizing
engineering and computer science Departments (IUSE/PFE: RED) program, the conditions that
led to it, and an overview of the program as of 2017 is provided in [1]. The goals of IUSE/PFE:
RED (hereinafter referred to as RED) are to “enable engineering and computer science
departments to lead the nation by successfully achieving significant sustainable changes
necessary to overcome longstanding issues in their undergraduate programs and educate
inclusive communities of engineering and computer science students prepared to solve 21°'-
century challenges.” Note the focus on department-level reform, which led to the requirement
that a department head or dean be the principal investigator. In addition, all RED teams are
required to have a social scientist with expertise in change models and an engineering or
computer science education researcher with knowledge of current best practices.

As described by current RED program officer, Julie Martin, “The pedagogy itself isn’t the
change RED teams are trying to make—pedagogy is one marker of the change. The change
shows up in the pedagogy, as well as in many other forms. We’re starting to see other markers of
change in RED project ideas at the awardee institutions. For example, in faculty position
descriptions, expectations outlined in hiring letters, and tenure and promotion policies. These
revolutionary changes that RED awardees are making at their institutions is what will allow them
to be exemplars of change for the entire engineering education community.”[2]



Funded RED projects

In 2015, the first cohort of six RED projects were funded at Arizona State University (ASU),
Colorado State University (CSU), Oregon State University (OSU), Purdue University, University
of North Carolina, Charlotte (UNCC) and the University of San Diego (USD). In 2016, the
second cohort of seven more projects were funded at Boise State University, lowa State
University, Rowan University, University of Illinois, University of New Mexico, University of
Texas at El Paso, and Virginia Tech. In 2017, the third cohort of six additional projects were
funded at Clemson University, East Carolina State University (ECU), Georgia Tech, Texas
A&M, North Carolina A&T and Seattle University. In addition, NSF funded researchers at
Rose-Hulman and the University of Washington (called REvolutionizing engineering and
computer science Departments Participatory Action Research REDPAR) to facilitate
communication and collaboration among the RED teams and to study the processes followed by
RED teams.

All projects funded between 2015 and 2017 in the RED program are listed in Table 1 including
cohort, title, institution, and department. All are public universities except for USD and Seattle
University. North Carolina A&T is an Historically Black College and University (HBCU).
UTEP and University of New Mexico are Hispanic Serving Institutions (HSIs). Brief summaries
of some of these projects and references to other published work are included in the discussion
below.

Table 1 Funded RED Programs from Cohorts 1, 2, and 3.

Cohort Title Institution Department
1 Additive Innovation: An Educational Arizona State Endineerin
Ecosystem of Making & Risk Taking University g g
Revolutionizing Roles to Reimagine Electrical and
; ? Colorado State ) .
1 Integrated Systems of Engineering Universit Computer Engineering
Formation y (ECE)
Shifting Department Culture to Re- Oregon State Chemlcql, Biological &
1 : : : e Environmental
situate Learning and Instruction University . .
Engineering
1 An Engineering Education Skunkworks to Purdue Mechanical
Spark Departmental Revolution University Engineering (ME)
The Connected Learner: Design University of
1 Patterns for Transforming Computing North Carolina, | Computer Science (CS)
and Informatics Education Charlotte
1 Developing Changemaking Engineers Umve[r;';éc?f San School of Engineering
Computer Science Professionals Boise State
2 U CS
Hatchery University
Reinventing the Instructional and
9 Departmental Enterprise to Advance the lowa State ECE
Professional Formation of Electrical and University
Computer Engineers




Revolutionizing Engineering Diversity Rowan Civil & Environmental
(RevED) University Engineering
. ) i . . University of
Defining the Frontiers of Bioengineering Ilinois at o
Education at Illinois & Beyond Urbana- Bioengineering
Champaign
Formation of Accomplished Chemical University of Chem & Bio
Engineers for Transforming Society New Mexico Engineering
A Model of Change for Preparing a New L
: . . University of
Generation for Professional Practice in CS
) Texas at El Paso
Computer Science
Radlcal_ly Expandlng_Pathways_ln the Virginia Tech ECE
Professional Formation of Engineers
Clemson University: Learning Teams Clemson
and Innovation Ventures for Adaptable A Civil
University

Training in Engineering (CULTIVATE)

PPSE - Programmers to Professional
Software Engineers

East Carolina
University

Computer Science

Transforming for inclusion: fostering
belonging and uniqueness in engineering
education and practice

Georgia Tech

Biomedical
Engineering

A Revolution in Engineering Education

North Carolina

Chem/Bio Eng

Motivated by Needs and Designs A&T
Revolutionizing through a focus on Seattle
A NS ME
identity University
REvolutionizing Diversity Of Texas A&M ACroE

Engineering (REDO-E)

Cohort 1

At Arizona State University, the RED team is taking a systems approach to better understand the
educational ecosystem and to support faculty to realize a mindset of additive innovation [3] and
pedagogical risk-taking in their classrooms [4].s The team’s multi-pronged approach includes
understanding the engineering program’s current culture through experience-centered narrative
research [5], developing an instrument to assess pedagogical risk-taking, developing an
understanding of making in the engineering classroom, and tracing impacts of the RED project
on other institutions. The team also developed a conceptual framework that leverages previous
work in organizational change theory, higher education, and STEM teaching practices [6, 7, 8, 9,
10, 11] to screen potential faculty interventions to increase the likelihood of success. This



framework has facilitated the emergence of faculty-driven affinity groups that will serve as one
vehicle for increasing pedagogical risk-taking among faculty. The development of other
mechanisms to spur additive innovation and pedagogical risk-taking are also underway.

At Colorado State University (CSU), a team of educators are working to overcome the failings of
the current engineering educational system by reimagining the roles that faculty play in the
teaching and learning environment within the Department of Electrical and Computer
Engineering (ECE). The team is implementing a new pedagogical and organizational model
where the curriculum is no longer treated as a set of disparate courses taught in unconnected
pieces, but as an integrated system that fosters collaboration among faculty and students [12, 13,
14, 15]. Calling for a holistic view of the ECE degree, the team’s approach is novel because they
are, in effect, throwing away courses, yet their vision can be realized within the structural
barriers inherent in higher education. Technical content that is deemed fundamental to an
electrical engineering degree is identified and packaged into “Learning Studio Modules” that
focus on active learning [16]. Periodic “Knowledge Integration” activities, designed by a faculty
integration specialist in collaboration with the technical content faculty, show students why they
are learning material and why it matters to the world outside the classroom [17, 18]. Interwoven
throughout the four years of the curriculum are thematic content threads, each led by a faculty
“champion”. The “Foundations” thread focuses on math and science concepts that are
fundamental to electrical engineers [19], the “Creativity” thread promotes innovation through
research experiences and individual/group projects [20], and the “Professionalism” thread makes
sure that non-technical skills that are critical to an engineer’s success are continuously developed
throughout their time at CSU [21, 22]. While still early in the implementation phase,
preliminary results from the junior-year curriculum (the first to be changed) are very promising.
In addition to positive anecdotal comments, the number of students that had to repeat the junior
year, i.e., they received a grade of D or F, or withdrew, was cut in half compared to before the
RED revolution.

At Oregon State University, the RED team is working to transform a School of Chemical,
Biological, and Environmental Engineering (CBEE) [23]. OSU CBEE aspires to building a
more inclusive, and professionally-based learning environment for both domestic and
international students that better facilitates their understanding of and skills to grow and thrive in
the world of engineering culture and practice. Simultaneously, the School is working to bring
about change through establishing a culture of inclusion and a shift in student learning
environments from highly sequestered activities to more realistic and consequential work that is
more typical of the engineering workplace. In this third year of project work at OSU the focus is
on: (1) broadened faculty training and engagement in implementation of curricular redesign in a
number of studio classes to include more realistic, consequential work via the pedagogy of
model-eliciting activities [24]; (2) establishing a faculty and staff professional learning
community focused on issues of equity and inclusivity, including best practices for inclusive
teaming in our courses [25]; (3) emphasizing the professional development of international
students in undergraduate programs, including establishing a more inclusive School culture for
this cohort; (4) working to better understand the overall climate and culture of the School,
especially in relation to undergraduate student progression towards degree completion (or
conversely loss of students from programs) and student identity formation [26, 27, 28]; and (5)



continuing to establish systems and a culture for faculty and staff that recognize and reward less-
traditional work that values and contributes to the advancement of diversity, equity, inclusion,
social justice, student success, and school community [29].

At the University of San Diego, the RED team includes the engineering leadership team with the
Dean as the Pl and coPlIs including the Associate Dean and Chairs of General, Industrial and
Mechanical Engineering. “Developing Changemaking Engineers” aims to prepare students to
innovate engineering solutions within a contextual framework that embeds humanitarian,
sustainable and social justice approaches with technical engineering skills. This requires an
enhanced curriculum with a focus on student teamwork, a greater consideration of social context,
improved communication with diverse constituents, and reflection on an ethical understanding of
their decisions and solutions. Effective faculty members need to mirror these values and skills in
their instruction and mentoring. Efforts have begun to reimagine the “engineering canon” which
requires a shift from positioning engineering as a purely technical endeavor to framing it as
socio-technical. We are developing a new General Engineering program that incorporates this
perspective [30]. In addition, we are developing modules that emphasize the sociotechnical
nature of engineering for traditional courses including Heat Transfer [31], Materials Science
[32], and Operations Research [33], as well as newer courses such as User-Centered Design,
Engineering and Social Justice [34], and Engineering Peace [35, 36]. Our industry partners have
led the creation of an “Industry Scholars” program for first and second year engineering students
to develop professional skills through workshops, field trips, internships, and interactions with
professional engineers [37].

Cohort 2

At Boise State University, the RED team is building a Computer Science Professionals Hatchery
that integrates ethics and social justice in agile Hatchery Units to promote a more inclusive
culture and prepare students to work effectively on software development teams and be
advocates for change in their future careers. Hatchery Units have been developed and taught that
address foundational values in computer science, navigating computer systems, agile
development, an introduction to database systems, and technical interviewing. The foundational
values course helps students develop a framework for understanding issues of ethics and social
justice in computer science, and these values and ideas are integrated into the more technically
focused hatchery units and several traditional courses that are part of the required undergraduate
computer science curriculum. A critical aspect of this project involves understanding the effects
of these changes on the experiences of undergraduate students, particularly women and
underrepresented minority students, and how deeply integrating ethics and social justice in a
computer science curriculum can create a more welcoming and supportive computer science
community. We are using multiple methods of exploring the effects of these changes, including
surveys, interviews with students and faculty, and social network analysis. Next steps on the
project will involve exploring and implementing ways to build community through increasing
collaboration among students in different years in the curriculum.

At Rowan University, the RED team is known as RevED. RevED stands for Revolutionizing
Engineering Diversity [38]. RevEd has short term goals that include an increase in social and
cultural capital by developing more inclusive curriculum and admission standards. The program



has long term goals that include increased recruitment and retention of diverse students through
peer mentoring and curriculum reform as well as propagation of program elements to other
institutions. A major goal RevED aims to accomplish is increasing underrepresented minority
student representation in the Civil and Environmental Engineering Department by fifty percent
and retain ninety-five percent of all students. In order to increase student diversity, RevED is
looking to change admission criteria for first year and transfer students to promote diversity. A
detailed evaluation of past admissions data was done to come up with new criteria. The new
adopted criteria is a holistic evaluation process and less emphasis on standardized test scores. In
addition, there has been significant cultural changes in the department including an enhanced
perception and understanding of diversity among students, faculty, and administrators. A tiered
peer mentoring program to service first year and transfer students and juniors and seniors has
also been implemented. Faculty have also participated in teaching workshops and have been in
the process of revising course content and incorporating inclusive teaching practices in all Civil
and Environmental Engineering courses. In addition, students’ engineering identity is developed
by showcasing diverse professionals. These efforts are being widely disseminated using a
dynamic website and other social media aids in addition to traditional methods of dissemination
such as workshops, presentations and publications. Along with curriculum changes and changes
in recruitment and retention practices, RevED also intends to change faculty evaluation practices
and reward faculty that implement inclusive practices in their curriculum. More information
about this project is available [39, 40].

At Virginia Tech, the goal of the RED grant is to transform the Bradley Department of Electrical
and Computer Engineering so that it attracts a more diverse range of students and prepares them
for a wider variety of careers. The transformation is based upon changing the department from
having two separate curricular paths, electrical engineering and computer engineering, to having
multiple pathways that enable students to choose from a variety of concentrations. Students will
also have greater opportunities for open-ended design experiences throughout all four years of
the program, including projects that will serve as outreach opportunities to K-12 students in
underserved communities. A key aspect of the project is using threshold concepts—concepts
that are integrative and transformative, and that are the basis for “thinking like an engineer”—as
a lens for faculty, students, and alumni to engage in a participatory design process for changing
departmental culture [41, 42]. An integral piece of the effort is having faculty, staff, and students
participate in the re-design of the program, giving them ownership of the changes enabled by the
grant and ensuring that the changes are sustainable beyond the grant’s five-year term. To that
end, the co-Pls have provided a variety of opportunities for department stakeholders to engage
with the grant effort, including individual interviews with our social scientists to establish a
baseline of the departmental culture, focus groups with our engineering education expert to
explore threshold concepts across the entire breadth of the curriculum, and working groups of
faculty and advising staff to design a new program structure with multiple pathways and to
create instructional modules for the base courses in the program. To help faculty think in terms
of students’ perspectives on the program, the project is using the design approach of personas
[43]—archetypes of potential students—to keep the focus of the changes on students’
backgrounds and desires. The new program structure consists of a base of six courses for all
students in the program, followed by primary and secondary concentrations (seven courses and
three courses respectively) from a variety of technical specialties in ECE. Students will also have
the option defining their own secondary concentrations rather than choosing one of the defined



secondary concentrations. At the time of this writing (January 2018), the new program structure
has been approved by the faculty, the paperwork for university approval of the structure is being
prepared, and planning is underway for implementing the changes in the fall semester of 2018.
More information about this project is available [44].

Cohort 3

At Georgia Tech, our vision is to revolutionize engineering education by creating engineers who
are capable of realizing the inclusion dividend. Our work is grounded in two significant
theoretical frameworks: optimal distinctiveness theory and human social systems theory.
Optimal distinctiveness theory argues that people need to feel they belong and that they are
valued for their uniqueness. Diversity efforts promote distinctiveness but often fail in achieving,
for the minority member, a sense of belonging. To achieve our vision we will 1) establish a
pedagogical incubator with a diverse collection of students, faculty, industry engineers, and
learning scientists that will support the development of novel inclusive classroom practices, 2)
iteratively hatch, implement and evaluate classroom activities and strategies that help students
and faculty recognize the inclusion dividend and translate that recognition into inclusive
interactive strategies, and 3) transform the departmental culture such that the inclusion dividend
is embraced and enacted through inclusive interactions and practices evidenced one-on-one, in
teams, in the classroom, in the research labs, and in department policies and procedures.

RED Community

REDCON

In establishing the RED program, NSF envisioned the emergence of a national cohort of change
leaders [45]. With 19 RED teams, the national change leader cohort (called REDCON for RED
Consortium) includes more than 150 people. REDCON activities include collaborative or cross-
team dissemination of work, regular conference calls, and information exchange internal to the
group and with external stakeholders. As RED teams mature in their work, they increasingly
share expertise with each other, produce publications and presentations (traditional
dissemination), engage with non-traditional audiences (e.g., non-STEM professional
communities), produce artifacts and outcomes consistent with their goals, and reach milestones
identified for their individual projects. The teams share common challenges and creative
solutions. For example, nearly every RED team has noted challenges of some kind relating to
community development, meaning working with their school’s leadership, creating faculty buy-
in, or communicating with students, to name a few examples. By openly sharing these
challenges, REDCON members receive suggestions that emerge from the real experiences of
their REDCON colleagues (for example, one team discovered significant motivation to
participate in RED team activities when faculty learned that they retained responsibility for their
class content, while another team made progress by redefining success to mean cross-course
collaboration).

The RED-funded teams are united in their commitment to the goals of the program. Although
they enact the process of reaching those goals differently, the varied experiences of the teams
contribute to a strong information base regarding successful change practices. For example,
REDCON now includes two small private institutions. In contrast, several REDCON member
team belong to universities classified as doctoral universities/highest research. The lessons these
groups learn about accomplishing change will help determine how important are factors such as
faculty reward systems, work-life balance, and student demographic contexts. Through their



similarities (e.g., common purpose of improving diversity and inclusion) and their differences
(e.g., the pedagogical, organizational, and curricular approaches they employ), we will learn
about barriers and drivers of large scale change efforts. The information produced by the RED
teams will serve higher education, and engineering education in particular, by creating a set of
models for change.

REDPAR

NSF funded the collaborative effort REDPAR (for RED Participatory Action Research),
composed of two partners: Making Academic Change Happen (MACH) from Rose-Hulman
Institute of Technology and Center for Evaluation & Research in STEM Equity (CERSE) from
University of Washington. REDPAR facilitates the activities of REDCON, supports skills
advancement in change among REDCON members, and performs research that crosses the
consortium [46]. One important activity of REDPAR relates to its commitment to action
research: we seek to answer research questions (accomplished primarily by CERSE) that then
inform REDCON activities (accomplished primarily by MACH). Recent research has focused on
the strategies that RED teams use to develop or inhibit shared vision among members of the team
and with stakeholders, and how shared vision influences the teams’ activities and goal
attainment. Major results include that some teams found success in developing shared vision
with creative incentives (e.g., from a focus group: “teaching will be fun”), culturally-relevant
evidence (e.g., interviews with industrial board members helped shape curriculum changes), and
intentionally inviting naysayers to contribute. Teams that created high levels of shared vision
intentionally used collective work, collaboration on problems, and formative communication
(rather than informational communication) [47]. Research relating to successful change is
ongoing, now examining the partnerships that teams are creating and how their work follows or
does not follow models of academic partnerships [e.g., 48]. These research results contribute to
the development of REDCON activities and information-sharing. Teams are at various places in
their project, represented by both year of award and success of the efforts, and their needs and
challenges vary. REDPAR broadly shares research results and research-informed strategies to the
benefit of all REDCON members.

Acknowledgements - This material is based upon work supported the United States National
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