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Design experiences offer opportunities for students to develop a wide range of technical and professional skills.
Community-engagement or service-learning is becoming more pervasive in engineering and offers opportunities for
students to engage in designs that address human, community and environmental needs. Connecting engineering with
these areas is cited in the literature as a means to potentially enhance diversity and retention. Analyses in this paper indeed
show a positive impact on the retention of students who engage in the EPICS Program early in their academic program and
female students in particular. Furthermore, there are many benefits of extended design experiences and the data shows that
participation over multiple semesters has a significant impact on the depth of the experiences. In addition to the personal
benefits, the participation of students over multiple years also offers opportunities for mentoring younger students within

the course and can further impact the diversity and retention efforts.
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1. Introduction

Design is a central element of the engineering
profession and engineering education. In addition,
design experiences provide opportunities to develop
the broad attributes needed by the graduates of 2020
and beyond: professionals who are technically
strong and also able to adapt to changing environ-
mental, cultural and economic conditions [I, 2].
Furthermore, research in engineering and design
education has depicted the rich complexity of teach-
ing and learning engineering design. For example,
such research would indicate an “‘informed” [3]
student of design would be able to generate an
expansive view of the “problem definition space”
[4], respond to this problem space with a variety of
initial design concepts [5], iterate between multiple
phases of a design process [6, 3], coordinate the
interests of multiple stakeholders in the design [7, §],
and employ an array of other strategies needed for
effective design [3]. Though such research does
highlight the complexity of design, it also empha-
sizes that the variety of concepts that undergird
design must be learned if they are to be effectively
enacted. How might such a broad range of design
skills and cognitive strategies be learned? As we and
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others have earlier claimed [9, 10], relegating design
education to a singular capstone experience, as is
often implemented in engineering degree programs,
seems to not fully cultivate such learning in engi-
neering students. In contrast, we suggest that an
extended experience in practicing real design would
offer students the opportunity to engage in a more
full range of design skills and thinking [9].

However, while design might be considered as a
core practice of engineering [11], engineering in the
workplace also involves a range of other skills,
including effective communication [12], technical
coordination [13], and teamwork and leadership
skills [14]. How might engineering, then, be
learned—mnot merely as a disciplinary body of
knowledge—but as a way of being, where the
associated skills become ingrained within the iden-
tity of the learner? [15]

Human-centered design approaches have gained
traction within engineering education exposing stu-
dents to the ideas of users and stakeholders being
part of the design process or even design teams.
These approaches have been shown to be most
effective on student development when the design
teams can interact with real users within an authen-
tic context [7]. Additional challenges are introduced
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when the projects are driven by an external custo-
mer with their own needs and timetables. However,
a challenge facing many institutions and engineer-
ing educators is how to bring “real” design experi-
ences into the curriculum that simulate many
characteristics of professional practice, including
opportunities to work on multidisciplinary and
vertically-integrated teams for multiple semesters.

Although industry projects are a common
approach to simulate the kind of environment that
students will face after graduating, community-
engaged learning or service-learning is a pedagogy
that has gained more acceptance within engineering
education. It offers opportunities to introduce
design experiences that by their nature integrate
human, cultural, environmental, and community
issues into the design contexts. Design is the most
common place where community-engagement is
practiced within engineering education. There are
a growing number of successful models of engineer-
ing-based community engagement in the U.S.,
Canada and globally in faith-based and secular
institutions. These strategies have been character-
ized as Learning Through Service (LTS) [16] and use
community engagement as a way to enhance the
undergraduate experience [17]. Community-
engagement or service-learning has been shown to
provide many benefits related to academic perfor-
mance, motivation, ability to work with others,
leadership, overall satisfaction, aspiration for
advanced degrees, and preparation for work [18—
21]. In addition, these community engagement pro-
grams and service-learning courses have been pos-
ited as playing a significant role in the preparation of
the core skills for practicing engineering. As Biele-
feldt et al have claimed “[project-based learning]
and [project-based service-learning] are both effec-
tive pedagogies to achieve a broad array of core
knowledge and skills that are critical for engineers”
[17, p. 542].

Studies have shown that community-engaged
design experiences offer the kinds of experiences
with real users that allow students to develop in the
design skills and their understanding of the impor-
tance of user information and interaction in design.
Situating the design work within community,
human and environmental contexts aligns with
three decades of research on diversity. Evidence
from community-engaged programs show more
diverse participation. Most EWB-USA chapters,
for example, are nearly gender balanced [22]. This
paper will examine two dimensions of impact on a
design program that uses community partnerships
for all of the design experiences that have not been
previously investigated. First, the impact of partici-
pation in such a design program on retention. And
second, the impact of participating over multiple

semesters in such a program as opposed to one or
two semesters.

1.1 Engineering projects in community service
program ( EPICS)

The Engineering Projects in Community Service
Program (EPICS) began at Purdue University in
1995 [23]. The original goal was to provide an
authentic design experience to prepare students for
leadership in the global economy. The curricular
structure of the EPICS courses was designed to
allow students to participate multiple semesters or
years, so they could experience multiple iterations of
the design process. The authentic design experiences
all addressed a local community need that generally
fell into one of four categories: Access and Abilities,
Education and Outreach, Environment and Sus-
tainability and Human Services. In addition to
providing benefits to the students, the curricular
structure provided continuity to the community
partners by sustaining the projects over multiple
semesters. During the first semester, 40 senior-level
Electrical and Computer Engineering (ECE) stu-
dents participated. It rapidly grew in terms of
numbers of students and projects as well as aca-
demic levels (sophomores, juniors and first-year
students) as well as becoming very multidisciplinary
[24]. Figure 1 shows the enrollment trends over the
last ten years including the total enrollment and the
number of returning students each semester. The
returning students provide continuity and allow
projects to span multiple semesters giving students
to experience multiple iteration cycles of the design
process and to provide the time where they can take
on multiple roles within the design teams. It also
provides the community with a long-term partner-
ship that allows projects of significant scope and
impact to be completed rather than only one seme-
ster or one year projects. The long-term partnership
also provides a network that addresses field failures
and maintenance of delivered designs. Over the last
eight years EPICS has average 45 majors participat-
ing and drawing students from every college of the
university. 80% of the students are from engineering
on average. The EPICS has been disseminated to
other universities and colleges with 35 programs
currently active with EPICS courses at their own
institutions.

Community-engagement shares the characteritis-
tics cited in the diversity literature and the EPICS
program has seen a student population that is more
diverse than the overall population from the college.
An example is the percentages of Electrical and
Mechanical Engineering students who are female
in EPICS as shown in Fig. 2 [18]. The EPICS
Learning Community consisted of First-Year Engi-
neering students who were are able to use EPICS for
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Fig. 2. Distribution of Women in EPICS from Mechanical and Electrical and Computer Engineering [18].

their first engineering course. From 2014-2016, the
120 person Learning Community cohorts who
chose this option was 44% female compared to
25% in the overall engineering population. Data
shown in Fig. 3 indicates that the women were
drawn to EPICS by the ability to gain authentic
engineering experience and that it was connected to
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the community and making a difference in the lives
of others [25]. The male respondents showed similar
trends but the women showed a strong connection
with the design experience and the community
impact. These findings were similar to an analysis
of interviews from women in EPICS on why they
chose EPICS [18].
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Fig. 3. Why Students Chose EPICS in their First Year [13].
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Fig. 4. Impact of EPICS on Motivation.

A version of EPICS has also been adopted by 73
high schools and middle schools. This program’s
incorporation in these schools has shown an impact
on diversity of interest in engineering with a student
population that is 56% female and 61% minority.

Data have consistently shown that programs such
as EPICS attract a population more diverse that the
general engineering population. Much less has been
written about the impact of such programs on
student retention as well as the impact of participa-
tion over multiple semesters. Therefore, this paper
will report on our findings for the following two
research questions:

RQ1: Does participation in EPICS affect a student’s
graduation rate in engineering or computer
science?

RQ?2: Is there a relationship between semesters of
participation in EPICS and how students develop
in their learning?

The following sections detail two studies to
answer these research questions.

2. Study 1: EPICS and graduation rates
and retention

Previous research has suggested that EPICS would
have a positive impact on student retention. Com-
munity engagement and service-learning have been
studied and there are many studies that show a
positive impact across many disciplines [26-35].
Most of these investigations studied placement-
based engagement where students spend certain
number of hours in service or embedded within a
community or agency. Design-based engagement is
project-based where the value add to the community
partner is primarily the design work. Some studies
have shown that engineering design-based engage-
ment can benefit retention. M. Lima reported that

after taking a Biological Engineering Service-
Learning class at Louisiana State University, 93%
of Women and Minority students remained in their
discipline compared to the national average of 70%
[36]. A similar result was found for students in a
multidisciplinary service-learning course. Piket-
May and Avery also reported retention gains more
than 6% for students who participated in service-
learning in their first-year [37].

One strategy to understand the influence of the
EPICS on student retention was through an analysis
of self-report data. In final course evaluations,
students were asked “What impact has the EPICS
Program had on your resolve to continue in your
major?” The results showed a strong and positive
response. This data was collected anonymously
with N = 136 in the Fall, and N = 182 in the
Spring and is shown in Fig. 4. The following year
later, similar data was collected with identifying
information to determine the gender of the respon-
dents with N=238 in the Fall and N = 201 in the
Spring and shown in Fig. 5. The questions were
worded slightly differently asking them to “Check
the response that best reflects the impact that EPICS
has had on your resolve to continue in your major.”

e The EPICS program has had a positive impact on
my resolve to continue in my major.

e The EPICS program has not had much impact
because I was already very committed to my
major.

e The EPICS program has not had much impact on
my resolve to continue in my major.

e The EPICS program has had a negative impact
on my resolve to continue in my major.

These results showed a strong positive self-
reported increase in motivation among both men
and women. The number of students who reported
no influence increased with the largest indicated that
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they were so dedicated to their major that it
wouldn’t have an impact. Like the previous year,
few reported a negative impact.

2.1 Methods

The self-report data indicated a positive impact on
persistence, but a formal retention investigation was
undertaken to ascertain if there is an influence on
persistence. The data for this study was obtained
from the University-Student Decision Support
System (DSS). The information collected by various
departments within the University during a stu-
dent’s tenure is organized and stored in this data-
base. The following three sets of data were used to
complete the study.

(a) The information that defines a student’s profile
such as the beginning academic year and seme-
ster, gender, ethnicity, standardized test scores
etc., which are collected at the time of a stu-
dent’s admission by the Office of Enrollment
Management.

(b) The information related to a student’s progress
such as classes registered, grades obtained,
declared major and minor are collected periodi-
cally—at least twice a semester.

(¢) The information on degrees awarded to a
student, which is provided by the Office of the
Registrar.

For the purpose of the present study, a student
was considered retained if he or she graduated from
an engineering or computer science discipline within
six years from the date of first enrollment. The
students who have graduated within the first six
years of their enrollment are grouped as retained

and those who have not are grouped as not retained.
Those students who had not graduated but yet to
cross the six year window are grouped as yet to
complete. Among those yet to complete students,
students registered with any one of engineering
schools or computer science as of semester analyzed
are grouped as on track to retention and those
registered with schools outside engineering or com-
puter science are grouped as not on track to reten-
tion. The data pertaining to on track to retention
characterizes the latest information that was avail-
able on student’s behavior. This method captured
all students in each cohort who have not graduated
as either on track or not on track in engineering or
computer science. We considered this as a reason-
able precursor to the future retention behavior. The
rate of retention for a group of students is simply the
ratio of students who have been retained to the total
number of students.

A student’s retention behavior was likely to be
affected by several factors such as their background
and their immediate educational and social envir-
onment. To isolate the effect of participation in
EPICS program on the retention behavior, we
needed to control for all the known measurable
influences except for their revealed choice of
taking an EPICS course. Our study progressed by
comparing the retention behavior of students who
have taken EPICS courses with a reference cohort
who share the following listed characteristics with
the former group but have not participated in the
EPICS program.

1. Academic Year and Semester: The first time a
student takes an EPICS course defines this
group. For example, all students who have
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Table 1. Students Analyzed for Retention Study

Not Retained Retained Yet to Complete

EPICS ENG CS EPICS ENG CS EPICS ENG CS
288 24,901 1,564 89,331 442 32,812
Table 2. Retention Rates

Retention Rate Significance

EPICS 95% CI ENG CS 95% CI Diff. 95% CI p-Value
84.4% [83% —86%] 78.2% [78%—78%)] 6.2% [5%, 8%)] 0.0000

taken an EPICS course for the first time in the
Fall, 2001 are compared to only those who are
enrolled in the Fall, 2001 within Engineering
and Computer Science disciplines. This con-
trols for any curriculum changes and differ-
ences in University’s policies over time.

2. Student’s Semester: The student’s progress in
the program is a major indicator of his or her
retention behavior. For example, the group of
students who has taken an EPICS course for the
first time during their Junior-first semester is
compared against only Junior-first semester
students within Engineering and Computer
Science.

In brief, a cohort of Junior—first semester Engi-
neering and Computer Science students who have
taken an EPICS course for the first time are com-
pared against Engineering and Computer Science
students who are in their Junior—first semester
during same semester and have not taken any
EPICS courses up until that time. Tables 1 and 2
show the numbers of students involved in the study
and the overall retention rates respectively.

2.2 Results

The data show that the retention rates are statisti-
cally significantly higher for students who partici-

120%

pate in their first two years. Figure 6 illustrates this
finding by graphically breaking out the retention
rates by years with the rate as a diamond and the
95% confidence band as a grey shaded banded.
Early participation in the community-based design
shows a higher rate of persistence. This is consistent
with the placement based studies in other disciplines
and previous studies in engineering. The data are
positive or neutral throughout the years of study
with the exception of the second semester of the
senior or final year. N = 5 overall for these students
provides a small data set that included students
taking EPICS to fill a schedule as they attempted
to raise their GPA to meet engineering graduation
requirements. While it could bear further investiga-
tion these data are hypothesized to be a function of
the small N. There was no indication in the data that
students in the final year were turned away from
graduating in engineering or computer science by
their EPICS experience.

The data is also broken out by gender to explore
the impact on female students and is shown in Fig.
7. While the retention rates are higher for the
EPICS students, they are not statistically signifi-
cant due to the lower number of participants. There
is a similar phenomenon as in Fig. 6 in the final
semester. Figure 8 shows the data for the female
students and includes the “on track™ students in
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the analysis. When the students who are still in the
majors and “on track”, the retention gains for
EPICS become significant in the first two years of
their academic program. A similar analysis was
conducted sorting students by ethnicity. Figure 9
shows that there are retention gains for the EPICS

African American, Asian American and Caucasian
students, although the African American do not
fall outside of the 95% confidence bands. The
retention is lower for Hispanic, and Native Amer-
ican but they are not statistically significant. Inter-
national students were found to be statistically
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lower. Further studies are planned to further
explore the retention impacts.

3. Study 2: multiple semester participation

The data used in the present study was collected for
a larger study that was conducted with the goal of
assessing the effectiveness of EPICS on students
after they graduated [38]. In this larger study, we
collected survey responses from alums of EPICS
(n = 523) and conducted in-depth interviews with a
smaller, purposefully sampled set of alums (n = 27).
This study of EPICS alumni showed that the
engineering students used the community-engaged
design experiences in their careers in industry [39].
The contexts of the design were different, but they
transferred the knowledge, experience and skills
they developed in EPICS to address the challenge
after entering the workforce. The authentic design
experience prepared them for leadership in engi-
neering and design careers. In-depth interviews were
conducted following the surveys from a purpose-
fully sampled population of survey respondents.
They identified areas of impact of the program on
their careers in traditional industries. Details on the
survey and interview process is found in [38, 40].

The alumni data contained participants who took
EPICS for a range of semesters and the present
investigation studies how this extended participa-
tion affected how they perceived the outcomes of the
course. It is an elective and therefore up to the
students how long they enrolled in the course.
Informed by prior literature, we would expect that
through prolonged engagement in such a course, a
student would substantially enrich his or her devel-
opment as a professional, and especially, as a
person. In other words, enrolling in EPICS for
multiple semesters would facilitate an extended
learning experience rather than a duplicated learn-
ing experience. While we have not found any prior
literature that would directly inform our position on
such prolonged engagement in service-learning
design courses, we might reasonably posit such a
claim through examining relevant theory from
engineering education, situated cognition, and
allied fields.

3.1 Methods

In order to determine the effect of multiple semesters
in EPICS while controlling for the effects of other
variables, a multiple regression analysis on the
survey responses was conducted. The survey admi-
nistered to the alums collected demographic vari-
ables and information about the students’ academic
career (e.g., major, graduation year, and number of
semesters in EPICS). Further, we gathered data
from 27 items that examined the perceived influence

of EPICS on a variety of abilities and attitudes
related to engineering work and community engage-
ment. As we have discussed elsewhere [38], the
results depicted that EPICS did indeed have a
substantial effect on many alums after they received
their bachelor degrees. For example, of those 27
items, over 80% of survey respondents indicated
that EPICS had, at least, contributed to ‘“‘some
extent” on their development of several professional
competencies and attitudes, (e.g., their abilities to
function and lead in a team environment, their
abilities to effectively communicate effectively, and
their appreciations for engineering as a profession
that benefits society; see [38]). For other similar
items related to workplace competence, respon-
dents indicated that EPICS bore a strong influence
on these abilities and attitudes. Fewer respondents
indicated that EPICS played a prominent role in
cultivating a desire to engage their communities.
However, even in these items related to community
engagement, over half of the respondents indicated
that EPICS had contributed at least “some extent”
to cultivating such a desire for community engage-
ment.

3.2 Results—multiple regression analysis

In order to determine the effects of multiple seme-
sters of experience in EPICS, we conducted a
hierarchical, multiple regression analysis. As
described by [41], this method is an effective way
of exploring the effect of one variable on a depen-
dent variable, while controlling for the effects of
other variables. In other words, multiple regression
analysis provides a way of exploring the unique
contribution of a certain independent variable
(e.g., number of semesters) to a dependent variable
even when other variables (e.g., demographics,
major, and year of graduation) are taken into
account. The contribution to a dependent variable
is understood by the amount of variance accounted
for by the independent variables of a model relating
these variables to a dependent variable. We began
by describing the independent variables used in our
model and as well as the dependent variables.

Independent Variables:

We considered the gender of the respondent as an
independent variable within our model. We named
this Boolean variable Female as the value of the
variable was ““1” if the participant was female and
“0” if the participant was male. As shown in Table 3,
over 98% of survey respondents indicated their
gender.

We also considered Race/Ethnicity as a catego-
rical variable, which initially spanned eight cate-
gories of races and ethnicities. Because of the small
representation of participants in six of these cate-



742

William Oakes et al.

gories, we reduced the categories of race/ethnicities
to encompass three categories— Asian, White, and
Other or Multiple Races/Ethnicities—all of which
had over 30 participants. Further, as shown in Table
3, approximately 87% of survey respondents
reported their race/ethnicity.

Engineering Major was a Boolean variable that
was coded as “1” if the participant reported grad-
uating from the College of Engineering and “0”
otherwise. All participants reported their major
associated with their bachelor degrees. As seen in
Table 3, the participants were largely engineering
graduates.

We considered Graduation Year as a categorical
variable that spanned four categories of possible
graduation years. The categories each reflected a
range of four or five years, beginning from the time
of EPICS inception (1995) and ending the year prior
to the data collection (2011). As seen in Table 3, the
range of participants slightly skewed toward more
recent graduates. However, as seen in our previous
work [38], such a skew is reflective of the number of
participants that actually graduated from EPICS in
these years.

Finally, the variable of interest to this investiga-
tion, Number of Semesters in EPICS, indicated the
number of semesters that a respondent participated
in EPICS. Participants self-reported this item, and
the largest option they could select was 5 or more
semesters. As seen in Table 3, at least 59 participants
selected each option from this ordinal variable.

Table 3. Valid responses for independent variables

Dependent Variables:

As indicated earlier, the dependent variables
reflected the factors that resulted from the explora-
tory factor analysis of the 27 survey items which
probed the effect of EPICS on professional and
personal development from the 523 survey respon-
dents. These factors were named EPICS Influence
on (1) Professional Competency, (2) Perspectives of
Engineering, and (3) Community Engagement.
They represented the mean of all valid responses for
items that loaded to the given factor. The possible
responses for each item, which asked how EPICS
contributed to a certain characteristic, was: “Not at
all”, “Small Extent”, “Some Extent”, “Large
Extent” and “Very Large Extent.” Survey respon-
dents were given the option to indicate that an item
was ““Not Applicable”, which rendered the particu-
lar item invalid for analysis. However, over 90% of
respondents provided valid responses for each item.
Moreover, each of the three dependent variables
contained valid means for a large number of items.

3.3 Hierarchical multiple regression analysis

The results of the analysis are shown on Table 4. In
the first step, we included Female, Engineering
Major, White, Other or Multiple Races! Ethnicities,
Graduation Year: 1995-99, Graduation Year: 2000~
03, and Graduation Year: 2004-07. As described
[41], the standardized regression coefficients from
the dummy-coded variables (race/ethnicity and gra-
duation year) tell the effect size of that specific

Valid Responses (Total: n = 523)

Independent Variable Name Independent Variable Categories # Y%
Female Male 369 70.6%
Female 146 27.9%
Engineering Major Engineering 427 81.6%
Non-Engineering 96 18.4%
Race/Ethnicity Asian 100 19.1%
White 368 60.9%
Other or Multiple Races/Ethnicities 36 6.9%
e African-American/Black 11 2.1%
e Hispanic 4 0.8%
e Native American/Alaska Native 1 0.2%
e Native Hawaiian/Pacific Islander 2 0.4%
e Other 9 1.7%
e More than One Race/Ethnicity 9 1.7%
Graduation Year 1995-1999 69 13.2%
2000-2003 121 23.1%
2004-2007 182 34.8%
2008-2011 151 28.9%
Semesters in EPICS 1 semester 118 22.6%
2 semesters 186 35.6%
3 semesters 84 16.1%
4 semesters 76 14.5%
5 or more semesters 59 11.3%
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category with respect to the category left out of the
model. In other words, races/ethnicities included in
the model (White, Other or Multiple Races/Ethni-
cities) are analyzed with their effect when compared
to the Asian category. Additionally, graduation
years are all compared to the Graduation Year:
2008-11 category. The decision to include and
exclude this particular set of dummy-coded vari-
ables was informed by examining the full range of
comparisons of the race/ethnicity and graduation
year categories. Table 4 demonstrates that there was
a significant difference between participants that
identified as Other or Multiple Races/Ethnicities in
relation to participants that identified as Asian on
responses of items related to Community Engage-
ment. Additionally, the table highlights prominent
difference between White and Asian categories
across all the dependent variables. In contrast,
there was no significant difference between partici-
pants that identified as White in relation to partici-
pants that identified as Other or Multiple Races/
Ethnicities. However, as we later elaborate, we
caution against drawing strong conclusions based
on the Race/Ethnicity variable.

Additionally, the salient comparison among the
graduation years was between graduates in the years
1995-99 and 2008-11. As can be seen on Table 4,
there is a significant difference on responses to items
related to Community Engagement and Perspectives
of Engineering between respondents that graduated
in 1995-99 in relation to those respondents that
graduated in 2008—11. We checked other compar-
isons among graduation years, but there were not

significant differences in effects among the remain-
ing categories of Graduation Year.

As can be seen in the first step of the multiple
regression analysis, the initial set of independent
variables does not strongly predict the variance
found in any dependent variable. This is especially
the case for Professional Competency and less so for
Perspectives  of Engineering, and Community
Engagement.

However, when we add Number of Semesters in
EPICS to the model in Step 2, the variance
accounted for by the model increases for each
dependent variable. This increase is especially strik-
ing for Professional Competency, where the variance
jumps from nearly 1% in the first step to nearly 16%
in the second step! The increase in predicted var-
iance is less prominent for Perspectives of Engineer-
ing (+5.9%) and Community Engagement (+2.5%),
but the effect size of the multiple semesters of
participation is still significant (p < 0.001) for all
dependent variables. This robust result, then, tells
us that even when a number of other variables are
considered, the number of semesters that students
were enrolled in EPICS bears a significant effect on
the influence of EPICS in multiple dimensions
related to professional competencies, perspectives
of engineering, and community engagement.

4. Conclusions

Community-based learning is becoming more per-
vasive in engineering. Design-based community
engagement offers many opportunities to impact

Table 4. Standardized Effects (Regression Coefficients) of Independent Variables on the Influence of EPICS on Professional Competency,

Perspectives of Engineering, and Community Engagement

Professional Perspectives of Community
Step 1 Competency Engineering Engagement
Female 0.05 0.12%* 0.10*
Engineering Degree 0.03 0.12%* 0.06
White -0.13* -0.09* —0.22%**
Other or Multiple Race and Ethnicity -0.06 -0.01 -0.11*
Graduation Year: 1995-1999 -0.06 —0.14%* —0.11*
Graduation Year: 2000-2003 -0.01 -0.06 -0.02
Graduation Year: 2004-2007 -0.07 -0.08 -0.05
Variance Predicted (R%)" 0.7% 3.4% 4.9%

Professional Perspectives of Community
Step 2 Competency Engineering Engagement
Female 0.06 0.13** 0.10*
Engineering Degree 0.04 0.12%* 0.06
White —0.14%* -0.10* —0.23%**
Other or Multiple Race and Ethnicity -0.04 0.01 -0.10*
Graduation Year: 1995-1999 -0.08 —0.15%** -0.11*
Graduation Year: 2000-2003 -0.03 -0.07 -0.03
Graduation Year: 2004-2007 -0.07 -0.08 -0.05
Number of Semesters in EPICS 0.39%** 0.24%** 0.17%%*
Variance Predicted (R?)" 15.8% 9.3% 7.4%

*p<0.10,* p <0.05, ** p < 0.01, ***{J <0.001.
! Total variance is given as adjusted R
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student experiences and learning. The pedagogy of
community-based design is consistent with other
literature, as well as data from many programs
points to the potential to increase diversity and
retention. Our analyses show a positive impact of
EPICS on the retention of students who engage
early in their academic program and female students
in particular, aligning with prior literature and
research. There are opportunities to explore this
phenomenon further and with higher number of
participants given the higher participation rate of
first-year and sophomores in the program more
recently.

Earlier studies documented the impact of the
EPICS experiences on engineering alumni. While
the community contexts differed from their industry
experiences, they were able to transfer these experi-
ences into the new contexts. Furthermore, there are
many benefits of extended design experiences and
the data from the EPICS program shows that
participation over multiple semesters has a signifi-
cant impact on the depth of the experiences. In
addition to the personal benefits, the participation
of students over multiple years also offers opportu-
nities for mentoring younger students within the
course and can further impact the diversity and
retention efforts.

Community-based design experiences offer many
benefits academically [21] as well as areas of diver-
sity [18]. Data from EPICS alumni clearly shows
that the design learning is at least similar to tradi-
tional academic design challenges and industry
projects [38]. Additionally, the results of the
design work impact our fellow citizens and the
world we live in. The EPICS program, for example,
had 147 active projects in 2016-17 that are calcu-
lated to impact 83,111 directly and 447,983 indir-
ectly. We have opportunities to create powerful
design experiences and leave the world a better
place in the process.
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