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Abstract

In this paper, we describe a work-in-progress study, involving three universities, that considers
various factors related to more equitable attainment of engineering degrees. “Equity” in this case,
refers to students from all backgrounds having similar outcomes in terms of their ability to earn an
engineering degree within four years. The need for an increasing supply of engineering graduates
is well understood as a necessary component for sustaining innovative industrial growth, national
security, and global competitiveness, among other areas of national need requiring engineering
talent. In order to address these issues, this study design involves consideration of various in-
structional and structural complexity factors that may contribute to delays in student progression
through engineering degree programs. The universities engaged in this work are the University of
Arizona, the University of California, San Diego, and the Georgia Institute of Technology. The
study was designed around three principles: (1) collaboration through task forces across multiple
institutions, (2) disciplinary focus using an asset-based approach, and (3) a student-centered ap-
proach to improving engineering student success through curriculum and instruction, leading to
reforms in service of equitable outcomes. The primary analyses revealed the large variability in
curricular structure and student success outcomes within each of these disciplines. Faculty and
administrators formed subcommittees according to these disciplines and were asked to look for
best practices and potential barriers and to consider avenues of reform for their own programs
according to curricular structure or instructional practices.

Introduction

The student success imperative in higher education is driven by the fact that earning a bache-
lor’s degree has become an increasingly important rung on the ladder of economic advancement.
Unfortunately, however, across U.S. higher education, there are disparities in the rates at which



low-income, first-generation, and certain minority populations are able to complete a bachelor’s
degree, as compared to the college-going population as a whole.® Cost of attendance and other
barriers worsen the disparities in college graduation rates. Personal and academic reasons also
cause delays in graduation, leading to additional costs and lost employment opportunities.®° The
likelihood of earning a degree also decreases with additional time in college, especially for vul-
nerable students. Thus, the “efficiency” of progress within particular degree programs provides an
important measure related to equitable attainment.!! Specifically, if some degree programs are in-
herently less efficient, and, therefore, more difficult to complete, they will be less likely to produce
graduates from vulnerable student populations, perhaps constituting a structural inequity in higher
education.

A key goal of the study described in this paper involves gaining a better understanding of the
various factors that may lead to inequities in the attainment of engineering degrees. Because
engineering programs often have some of the most complex curricula on a college campus, they
tend to take more time to complete, thereby contributing to the disparities described above. The
important questions are: how much of this complexity is inherently necessary, and are there better
ways to manage the inherent complexity through improved curricular structures and instructional
design? The study described here was designed to address these questions through a data-informed
approach involving disciplinary experts located within the engineering departments at three major
research universities. The most challenging aspects of this study involve organizing across multiple
universities, each with their own histories and customs, creating conditions that might produce
positive change within deeply entrenched disciplinary cultures, and sustaining this effort over time.
This paper describes the change management practices that have been utilized as a part of this
study, along with results to date.

Managing Change

Organizational change is one of the most difficult tasks to manage under any conditions, and the
bureaucratic structure of universities makes programmatic change a particularly difficult situation.
A change management model that roughly follows Kotter’s change model was used to guide this
study, aimed at encouraging university engineering departments to embrace change and improve
programmatic improvements for equitable student success.’ The specific steps being followed in
this study are described next.

Creating Urgency. Engineering occupations are among the highest-paying and most prestigious
in the U.S. labor market, but they are also some of the least diverse.> Not only does this point
to social inequity, it actually serves to undermine the quality of engineered systems—solutions
created by diverse engineering teams are simply better.”!* In support of creating a sense of urgency
around the need to investigate programmatic change, “equity gaps” were provided showing the
demographic discrepancies between state populations, university populations, and the populations
within particular engineering colleges and departments. At the Georgia Institute of Technology,
it was shown that engineering students have highest time-to-degree, and that underrepresented
minorities (excluding black), black, and Pell-eligible students are disproportionately impacted (see
Figure 1).
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Figure 1: Time-to-degree, by college, for all first-time students starting at the Georgia Institute of
Technology between 2012 and 2017.

Form Powerful Guiding Coalitions. Guiding coalitions are instrumental for successful change
in higher education. This study involved multiple departments across universities, which posed
significant organizational challenges to inform and influence decision-making around changes in
complex engineering programs. The organizational structure that emerged over time in support
of this effort is shown in Figure 2. The top of this figure involved three universities, with en-
dorsements and support from top academic administrators, forming a collaboration committee
to coordinate work across institutions. The committee established discipline-specific committees
shown along the bottom of Figure 2 for five engineering disciplines, empowering them to suggest
their own improvements. The collaboration committee worked to create initial analytics, launch
the effort, and provide support for individual engineering colleges and departments.

Develop a Vision and Strategy. The overarching vision for this project involves the development
of a framework for improving equity in engineering outcomes. The strategy involves developing
discipline-specific best practices to improve curricular design patterns and instructional practices,
leading to better learning outcomes and reduced time-to-degree. As part of the strategic approach
to leverage the collective expertise of three public research institutions, initial data were collected
and analyzed to compare/contrast curricular complexities, instructional design issues, and student
success factors across the three participating schools. Each university initially performed different
analyses in support of “‘jump-starting” the effort.

At the University of Arizona, the curricula of the five common engineering programs at the three
universities were collected, along with the curricula from 17 other institutions with highly regarded
engineering programs. A theory of curricular complexity has been developed that relates curric-
ular structure to time-to-degree.> Based on that theoretical model, the structural complexities of
these programs were analyzed and provided to each of the three institutions. (See Appendix A
for an overview of structural complexity.) What is striking is the extreme variability in struc-
tural complexity values observed for a single engineering discipline at different universities, even
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Figure 2: The organizational structures created to support this project.

though many have identical accreditation standards (and therefore identical program-level learn-
ing outcomes). As an example, consider the histogram shown in Figure 3, where the structural
complexities of the 18 aerospace engineering programs considered in this study are shown. The
difference in complexity between the lowest and highest complexity schools is nearly ten-fold.
Given that structural complexity directly impacts time-to-degree, a logical question to ask is this:
do some of these curricular structures better serve students, leading to more equitable outcomes?
This is a question each of the discipline-specific committees will consider. To support this work,
similar histograms were created for all five engineering disciplines involved in the study. A box-
and-whisker diagram showing the variabilities that exist within and between the programs at the
different universities considered in this study to date is provided in Figure 3.

At the University of California, San Diego, the curricular complexity factors are confounded by
the manner in which curricula are offered by the colleges at the institution. Each engineering
discipline must consider seven different curricula due to the seven colleges offering their own
general education programs that overlap with major courses. To aid this effort, the university
created a Tableau dashboard that provides curricular metrics and a historical view of program
curricula changes. The dashboard enables users to view a program’s curricular complexity and
perform what-if analyses for each college’s curriculum.

At the Georgia Institute of Technology, it was observed that the vast majority of students who do
not take courses during summer terms are unlikely to graduate in four years. It was discovered
that lower success rate courses are the ones that students take during the summer term to graduate
on time (and in a number of cases, it is the same course in multiple programs). This analysis was
repeated at the other two institutions involved in this study.

The analyses described above were shared among the institutions at the project kick-off. Further-
more, two initial research questions were posed:

* How do the structural complexities of curricular pathways differ among various top engi-
neering (within and between) disciplines?
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Figure 3: (a) The structural complexities of the 18 undergraduate aerospace engineering considered in
this study, with the three participating schools highlighted. (b) The structural complexities of different

undergraduate engineering programs, by discipline, were collected from 20 different universities. The dots
in the figure correspond to outliers.



* What is the impact of incoming students’ attributes on graduation rates over different periods
of time?

Communicate the Vision. In order to convincingly communicate the vision and strategy for this
change endeavor, the provosts/executive vice chancellor from the respective universities hosted a
kick-off meeting involving engineering deans, department heads, and any other parties interested in
this work. The importance of this work was clearly articulated, along with its relevance to the uni-
versities’ missions and the national need. In addition, directions were provided to the disciplinary
working groups.

Remove Obstacles. To support the work of busy department-level administrators and faculty in
discipline-based committees, the tri-university collaboration committee established structures and
processes, including a “data lift” at the college/university levels and ongoing analytics support
from institutional research offices. A project manager was hired to manage meetings and project
milestones associated with the committees in Figure 2.

Create Short-Term Wins and Consolidate Gains. Because motivation is a crucial element in
sustaining change-related work, it was and will continue to be, important to create opportunities
for short-term wins. Short-term wins were created by empowering faculty to lead and collabo-
rate across peer institutions. Finding discipline-specific opportunities for student success across
institutions could scale the work nationally.

Anchor the Change in the Culture. The equity-based framing and accompanying analytics
have provided a different lens through which programs may view student success in engineering
programs, and we have already seen this thinking begin to permeate student success discussions
on campus. Going forward, as a part of the work of the committees involved in this study, it
will be important to consider how positive changes will be institutionalized in the cultures of our
institutions.

Discussion

In this paper, we described the current state of an ongoing tri-university study aimed at creating
more equitable outcomes with regard to the attainment of engineering degrees. This work involved
creating a new framing for considering equity in engineering programs, and has engaged faculty
as change agents around one of the most fundamental elements of student success, namely the cur-
ricula that students must confront in order to earn engineering degrees. The study design described
here was driven by the belief that changes supported by metrics that demonstrate student bene-
fits are far more likely to be endorsed by faculty than those emanating as top-down dictates from
administrators. Preliminary analyses and the current state of the study were shared, and future
updates will consider the particular changes that resulted from this work, along with their impact
on equitable student success outcomes in these engineering programs.
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Appendix: Curricular Complexity

A theory of curricular complexity and a toolbox has been developed that relates curricular structure to time-to-degree*
Specifically, as the structural complexity of a curriculum increases, and other factors are held constant, the time-to-
degree will increase. Briefly, the structural complexity of a curriculum is given by the sum of the course complexities
in the curriculum, and the complexity of a course is determined by its delay and blocking factors. In Figure 4 (b), an
example is provided, where the Calculus I course in the first term is highlighted. This shows that there are 27 other
courses in this curriculum that cannot be attempted unless the Calculus I course is first successfully completed; this
constitutes the blocking factor of Calculus I in this curriculum. In addition, Calculus I is on a prerequisite pathway that
includes nine other courses in the curriculum that must be passed in successive order; this constitutes the delay factor
of Calculus I in this curriculum. The overall structural complexity of the curriculum in Figure 4 is 372, the highest of
any civil engineering program in our study. The structural complexity of a curriculum is dictated by the courses in the
curriculum and the prerequisite relationships between them.

An example curriculum is shown in Figure 4 (a).
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Figure 4: A civil engineering curriculum with high structural complexity. (a) An eight-term degree
plan for this curriculum, showing the courses and their prerequisites. (b) The same curriculum,
with Calculus I highlighted in gray in the first term. There are 27 courses blocked by Calculus I
(green courses), and the longest path in this curriculum (blue-dashed line) contains nine courses.



