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PROFESSIONAL IDENTITY is a concept that has been
explored over the years in a number of disciplines, but
with little attention paid to engineers. A more specific
component of professional identity is engineering identity,
which warrants further investigation due to positive impacts
on retention. The purpose of this study was to investigate
how participation in an engineering-based living-learning
community affects students’ professional and engineering
identities and to describe these identities within a college
of engineering. Results revealed that some subscales of
professional identity and engineering identity indicated
statistically significant differences by participation in a
living-learning community. Implications for future research
and practice are discussed.

Living-learning communities (LLCs) were created to help bolster
faculty-student interaction as well as active and collaborative
learning. In many cases, LLCs can be used to create an intersec-
tion between a student’s academic life and their residential life
(Shushok & Sriram, 2010), making them high-impact educational
experiences (Kilgo et al., 2015; Kuh, 2008). In a study of living-
learning programs, Inkelas (2008) developed a thematic typology
of LLCs consisting of 17 primary categories, including programs
that focus on “grouping students of a particular major or disciplin-
ary interest” (p. I1I-3). LLCs have been adopted by higher educa-
tion institutions across the nation as a means to greatly enhance
curricular coherence and deepen student learning (Shushok &

Sriram, 2010).

A student’s development inside and outside the classroom is
an incredibly important attribute to consider when developing
professional and personal identity (Inkelas, 2008; Inkelas et al.,
2018). Inkelas et al. (2018), for example, noted that studies of LLCs
have shown “the power in helping students discern future career
options” (p. 75). This is especially true when looking at engineering
students and their confidence in the subject matter of their course-
work; students in engineering LLCs are reported to have among

A person's
affinity for their
profession has
been linked to
professional
success and
persistence in
their respective
field-and
engineering is no

different.
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the highest levels of confidence in succeeding
in engineering courses (Inkelas, 2008). It can
be hypothesized, then, that this higher self-
confidence contributes to the development of
identity, especially professional identity.

Professional identity is one of many factors
contributing to the development and shaping
of professionals across a multitude of indus-
tries. A person’s affinity for their profession
has been linked to professional success and
persistence in their respective field—and en-
gineering is no different. Recent studies have
shown that a lack of identification with the en-
gineering profession and one’s view of oneself
as an engineer often motivate students to
migrate out of engineering into other majors
(Patrick & Borrego, 2016; Tonso, 2014). Since
the failure to have a strong identification with
the field can affect retention, it is important
to determine how engineering identity can be
used to augment the recruitment and reten-
tion of engineering students, particularly in
groups that traditionally have been underrep-
resented (Patrick & Borrego, 2016). For this
reason, higher education administrators and
engineering educators have turned to a myriad
of interventions to help strengthen the profes-
sional identity of engineering students.

As noted by the National Center for Edu-
cation Statistics (2018), of the approximately
1.9 million bachelor’s degrees reported in the
2015-16 school year, 18% represented science,
technology, engineering, and math (STEM)
fields. However, nearly half of undergradu-
ate students enrolled in STEM majors do not
continue in this field; they change majors or
simply leave the institution (Chen, 2013). Fur-
thermore, if a student does not enter college
as a STEM major, it is improbable that they

will later switch their major to a STEM field
(Ohland et al., 2008). Researchers have begun
to focus on ways to bolster retention in STEM
fields (Hall et al., 2015), and studies have found
that LLCs can be particularly useful for improv-
ing the learning experience for engineers and
for aiding their retention (Daempfle, 2003;
Light, 2005, Wankat & Oreovicz, 2005). By
more deeply connecting with faculty through
the immersive experience of an LLC, students
develop a greater sense of identity with their
major (Ghosal et al., 2019), and this experience
can increase their affinity with professional
and engineering identities and consequently
improve retention within the field.

PERSONAL, RELATIONAL, AND
COLLECTIVE IDENTITY

Individuals have varying levels of self-identifi-
cation, and three commonly understood levels
include personal, relational, and collective iden-
tity (Brewer & Gardner, 1996; Schwartz et al.,
2011). Personal identity is “the differentiated,
individuated self-concept most characteristic
of studies of the self” and reflects the indi-
vidual level (Brewer & Gardner, 1996, p. 84).
Components of personal identity include traits
such as charisma, intellect, and athletic ability
(Schwartz et al., 2011). Relational identity “is
the self-concept derived from connections
and role relationships with significant others”
and reflects the interpersonal level (Brewer &
Gardner, 1996, p. 84). Examples of this level
include roles served by individuals such as
sibling, colleague, and boyfriend/girlfriend.
Collective identity “corresponds to the concept
of social identity as represented in social iden-
tity theory and self-categorization theory” and
reflects the group level of identity (Brewer &
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Gardner, 19906, p. 84). Components of collec-
tive identity include race, gender, and occupa-
tion/profession. Within this collective view,
professional identities are self-assigned based
on social constructions and interactions with
others (LaPointe, 2010). With the determina-
tion that professional identity is a construct
of collective identity, professional identity and
engineering identity can be explored in rela-
tion to student development and success in the
form of retention.

Definitions of identity in its broadest terms
are somewhat similar across the fields of en-
gineering education, student development,
and higher education, though the definition of
professional identity varies among these fields.
Gecas and Burke (1995) described professional
identity as a form of personal identity, defined
as “the various meanings attached to oneself
by self and others” (p. 42). Similarly, identity
can be defined as knowledge, emotions, abili-
ties, and experiences that are organized around
a social role (Giddens, 1991), with professional
identity following a similar principle but orga-
nized around a professional role rather than a
social one. Eliot and Turns (2011) defined pro-
fessional identity as “a negotiation between the
social expectations related to a specific profes-
sional role and the needs, wants, and aptitude
of the individual engaging in that role” (p. 47).
Brubaker and Cooper (2000) stated that iden-
tity can be understood as a core aspect of
individual or collective association; it is “some-
thing deep, basic, abiding, or foundational,” as
opposed to being “superficial, accidental, fleet-
ing, or contingent” and thus is “understood as
something to be valued, cultivated, supported,
recognized, and preserved” (p. 7).

Further discussions regarding professional

Since the failure to have a strong
identification with the field can
affect retention, it is important

to determine how engineering
identity can be used to augment
the recruitment and retention of
engineering students, particularly in
groups that traditionally have been

underrepresented.

identity have elucidated that it is “a negotia-
tion between the social expectations related
to a specific professional role and the needs,
wants, and aptitude of the individual engag-
ing in that role” (Eliot & Turns, 2011, p. 47).
Although identity has a variety of uses, when
thinking collectively it is used to focus on self-
understanding rather than self-interest and to
highlight the “processual, interactive develop-
ment of the kind of collective self-understand-
ing, solidarity, or ‘groupness’ that can make
collective action possible” (Brubaker & Cooper,
2000, p. 7).

Although identity has been widely explored
in the literature, the application of identity
theories to engineering education is still rela-
tively narrow and underdeveloped (Patrick &
Borrego, 2016). Though discussions of iden-
tity theories within engineering began almost
two decades ago (Stevens et al., 2005) and en-
gineering identity has become a contemporary
topic for engineering educators, its connection

and epistemological roots within professional
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identity literature are still not fully understood.

As reported by Meyers et al. (2012), first-
year students are 1.5 times less likely to iden-
tify as engineers than are sophomores, juniors,
and seniors collectively. This finding provides
insight regarding opportunities such as intern-
ships and co-ops that are more readily avail-
able to students with more experience in their
area of study. With this in mind, studies can
focus on investigating the engineering iden-
tities of advanced undergraduates (Patrick
& Borrego, 2016). Though there is no single
definition of what constitutes an engineering
identity, some researchers have posited that it
involves a complex equation with factors such
as “problem solving, teamwork, learning, and
personal contributions” (Anderson et al., 2010,
p. 170). By understanding the concept of en-
gineering identity and the factors associated
with it, various theoretical frameworks used to
model identity can be applied to discern what
engineering identity really is and how it may
connect to persistence and retention.

THEORETICAL AND
CONCEPTUAL FRAMEWORKS

Given all the external and internal forces that
influence an individual's sense of identity,
Identity Stage Theory (IST) appears to be the
most applicable to understand conceptualiza-
tions of professional and engineering identi-
ties. Originally introduced by Erikson (1963,
1993), this theory is a psychosocial perspective
on how identity can be viewed as stages based
on both individual and social identification.
IST focuses on the premise that “identity de-
velops in stages as a function of reconciling the
inner individual and outer forces” (Patrick &
Borrego, 2016, p. 9). Therefore, both profes-

sional identities in general and engineering
identities in particular involve individual- and
social-level identification and can be conceptu-
alized as stages that build upon each other as
identification increases for an individual.

Professional identity explores facets of
the individual and collective self. Specifically,
professional identity is “the self that has been
developed with the commitment to perform
competently and legitimately in the context
of the profession” (Tan et al., 2016, p. 2). Pro-
fessional identity develops through interac-
tions with colleagues and external regulations,
shaping the way an individual carries out
the duties of their role (Holland et al., 2001;
Monrouxe, 2010). As a result, this develop-
ment is shared among other professionals in
the same role and continually guides individu-
als throughout their careers. An individual
with a high level of professional identity has a
strong connection to their role and the values
within their chosen career and therefore find
their work meaningful (Tan et al., 2016). Ad-
ditionally, professional identity tends to be
fluid and varies according to different contexts
(Evans et al., 2009), contributing to an individ-
ual’s lifelong career development (Holland et
al., 2001). Because individuals seek out higher
education as a form of career preparation, edu-
cation can be considered a stage within their
identity formation. For this reason, IST again
provides a solid theoretical basis for under-
standing the professional identity of students.

Engineering identity can be viewed from
a developmental psychology perspective that
“theorize[s] identity as a set of variables or
factors” that contribute to success in engineer-
ing (Tonso, 2014, p. 273). Researchers have
focused on whether students see themselves
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as an engineer, as well as on the qualities cited
by students as being needed in the profession
(Godwin, 2016). In addition to this individual
focus, some studies have centered on the dis-
course used by students to develop and identify
as engineers in practice or in a societal sense
(Dannels, 2000; Godwin, 2016; Johnston et
al., 1996). As stated by Tonso (2014), global
economic demands, nationality or citizen-
ship, and social and professional institutions
all contribute to the development of engineer-
ing identity. This discourse within the body of
knowledge is part of the internal and external
dialogue used by students to form their identi-
ties as engineers (Godwin, 2016). Often these
studies have asserted that higher scores on
psychosocial scales suggest a higher associa-
tion with engineering identity (Godwin, 2016;
Patrick & Borrego, 2016), giving credence to its
connection with IST.

PROBLEM STATEMENT AND
RESEARCH OBJECTIVES

Because of their connection to retention, both
professional and engineering identity warrant
continued investigation by higher education
administrators and engineering educators.
Professional identity and its connection to
retention requires more attention within the
field, while engineering identity in particular
needs to be investigated further in different en-
gineering education contexts (i.e., large public
university or private university, community
college). Neither professional nor engineer-
ing identity, to our knowledge, has ever been
investigated in connection to LLCs and their
possible influence on identity development.
Thus, the following research objectives were
established for this study:

1. Describe professional and engineering
identities of on-campus students within a
college of engineering.

2. Determine if participation in an
engineering-based LLC affects professional
and engineering identity.

3. Explore the following differences found
among student groups: ethnicity, first-
generation college student status, gender,
and entry term.

METHODS

We employed a postpositivist, quantitative,
survey research method to examine our re-
search questions (Creswell & Guetterman,
2017; Phillips & Burbules, 2000).

Participants

A population of 3,993 undergraduate and grad-
uate students who reside in campus housing
and are enrolled in the college of engineer-
ing at a large public research university in
the southern United States during the spring
2019 semester were invited via email to par-
ticipate in this study. An online web-based
survey was conducted via Qualtrics. Using the
Dillman et al. (2009) Tailored Design Method,
a web-based survey recruitment approach, par-
ticipants were contacted multiple times over
a 6-week period. Specifically, they received an
initial email with an invitation to participate
and were sent five reminders over 6 weeks.
The communications were personalized with
the student’s name and major and the name of
their engineering LLC (if applicable). Person-
alization of recruitment emails to this extent
aids in yielding a larger response rate (Dillman
etal., 2009). A total of 735 responses were col-
lected, resulting in an 18.41% response rate. Of
these responses, 65 (8.97%) did not consent to
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participate in the study, and 167 (22.72%) did Table 1 presents the demographics of the
not complete the survey; therefore, a sample of population, the sample, and the college of en-
503 was used for analysis. Only respondents gineering for comparison. Undergraduate stu-
who completed the survey instrument were in- dents comprised the majority of the sample (n =
cluded in analysis. 470), representing 63.95% of the total respons-
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Professional identity develops
through interactions with colleagues
and external regulations, shaping
the way an individual carries out
the duties of their role. As a result,
this development is shared among
other professionals in the same role
and continually guides individuals

throughout their careers.

es, while 6.56% were graduate students (n =33).
Using a student’s entry term into the institution,
a number was determined to represent years at
the institution for each undergraduate respon-
dent. The sample included undergraduate stu-
dents with the following years at the institution:
71.57% in their first year (n = 360), 10.14% in
their second year (n = 51), 6.76% in their third
year (n = 34), and 4.97% in their fourth year or
more (n = 25). The number of years at the insti-
tution was not considered for graduate students,
as this information was considered less relevant
for this population. The respondents consisted
of 75.35% men (n = 379) with a mean age of
19.32. In terms of race and ethnicity, more than
half of the respondents were White (52.49%,
n = 264), a disparity seen within the engineer-
ing population at the institution. Overall, the
demographics of the sample were representa-
tive of the institution and college (Texas A&M
University, 2019).

Measures
We utilized a 38-item researcher-developed

instrument that explored the professional and
engineering identities of college students. The
instrument was approved by the Institutional
Review Board and contained three compo-
nents: (a) demographic information, (b) pro-
fessional identity, and (c) engineering identity.

Demographic information. Demographic
information was connected to institutional
records using the respondents’ student iden-
tification numbers. Once connected, the
unique identifier was removed. Demographic
variables included in the study were age, race,
gender, first-generation college student status,

LLC participation, and enrollment term.

Professional identity. We used an estab-
lished scale—the 25-item Professional Identi-
ty Five-Factor Scale (PIFFS) developed by Tan
et al. (2016)—in order to increase reliability
(Creswell & Guetterman, 2017). PIFFS exam-
ines five factors associated with professional
identity: knowledge about professional prac-
tices, experience with the profession, having
a professional as a role model, professional
self-efficacy, and preference for a particular
profession (Tan et al., 2016).

As applied in this study, knowledge of pro-
fessional practices consisted of six items, such
as “I have a good idea about the rules and regu-
lations in the industry” and “I know the nature
of the work I will do in my future work envi-
ronment.” Experience with the profession also
contained six items and included statements
such as “I follow developments in my future
industry in newspapers and on television.”
Having a professional as a role model included
six items, such as “When working on problems
in class, I imagine myself to be in the shoes
of a professional in my future work environ-
ment” and “I admire most of the teachers who
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are professionals in the area that I would like to
enter.” Seven items made up professional self-
efficacy, such as “I have no doubt that I will
master all the skills necessary to succeed in my
future work.” Preference for a particular pro-
fession, the fifth and final factor, consisted of
items like “Do you already know what kind of
work or profession you prefer?” All the items
except one were placed on a 5-point Likert scale
of 1 (never true), 2 (not really true), 3 (neutral), 4
(somewhat true), and 5 (definitely true). The ex-
ception was “Do you already know what kind
of work or profession you prefer?” which re-
quired a response of yes or no. Construct reli-
ability was achieved using the coefficient H
test (Hancock & Mueller, 2001), with results
greater than 0.7 for each factor, which indicat-
ed good reliability (Tan et al., 20106).

PIFFS was chosen for this study because
of its intended use as a means “to analyze
the professional development of students in
the course of their education” and to measure
“the success of curriculum in bringing about
these changes, and in determining the stages
of the curriculum at which significant changes
occur” (Tan, 2014, p. 58). Because LLCs are
considered pedagogical and/or curricular ap-
proaches (Kingston et al., 2014; Zeller, 2008),
they may provide a meaningful avenue for
comparing professional identity development
in LLC participants to that of non-LLC partici-
pants. Thus, the scale was appropriate to use
for this population and for the overall purpose
of the study. Additionally, in the original study,
the sample was divided into two subgroups:
the high professional identity group, with
scores from 3.27 to 4.53 (n=0625), and the low
professional identity group, with scores from
1.67 to 3.23 (n=0670). The average of the scores

was 3.23, SD=0.44 (Tan et al., 2016). The two
groups (high and low professional identities)
were compared using the independent sample
t-test if there were indeed expected and distinct
differences across all five factors that were im-
portant in contributing to professional identity
development (Tan et al., 2010).

Engineering identity. Godwin (2016) devel-
oped an 11-item measure of the engineering
identity of postsecondary students with three
constructs: “students’ feeling of recognition
by others; students’ interest in the subject;
and students’ beliefs about their performance/
competence in the subject area” (p. 5). These
self-reported items were measured by asking
students to what extent they agreed or dis-
agreed with particular statements about their
professional identity on an anchored scale
with ratings of o (strongly disagree), 1 (dis-
agree), 2 (somewhat disagree), 3 (neither disagree
nor agree), 4 (somewhat agree), 5 (agree), and
G (strongly agree). Additionally, using God-
win’s anchored scale rather than a Likert scale
allowed for “a more interpretable distance
between each numeric response and made the
assumption of continuous scales associated
with maximum likelihood factor analysis more
valid” (p. 5).

.. . identity is dynamic, so
quantitative research might flatten
the data by preventing students from
explaining the rich context of their

identity formation as an engineer.
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Cronbach’s alpha was used to evaluate con-
struct reliability for the engineering identity
scale. Each construct validity was presented to
better estimate overall reliability while taking
into account standard errors and individual
reliabilities—resulting in o.77 for recognition,
0.89 for interest, and 0.88 for performance/
competence (Godwin, 2016). Cronbach’s alpha
indicated strong internal consistency, sug-
gesting that items measured as a single factor
grouped strongly together (Creswell & Guetter-

man, 2017).

Procedure

Data were extracted from Qualtrics and were
analyzed using the IBM SPSS® statistical soft-
ware for social sciences (Version 25). A screener
question was used immediately after obtaining
electronic consent to ensure that all students
were pursuing a degree within the college
of engineering. This screener was added in
case students changed their major or degree
program to one outside the college after the re-
cruitment panel was obtained, thereby making
their professional and engineering identi-
ties irrelevant for inclusion given the study’s
purpose. One respondent indicated that they
were no longer pursuing a degree within the
college, so their responses were excluded from
analysis. Next, if respondents did not respond
to a particular item, the missing value was re-
placed with the mean for that item during data
analysis (George & Mallery, 2001). There were
nine instances within the engineering identity
scale and 43 within the professional identity
scale where the missing data accounted for less
than 15% of the scale and missing values were
replaced with the item mean. If a participant’s
responses were missing on more than 15% of
the scale, then their responses were removed

from both the analysis of that particular scale
and the analysis of the total score for the in-
strument (George & Mallery, 2001).

Specifically, the first research objective was
obtained by reporting descriptive statistics
for each of the professional identity scale and
engineering identity scale constructs and the
scale total of residential students within the
college of engineering. To address the second
research objective, which sought to determine
if participation in an engineering-based LLC
affects professional and/or engineering iden-
tities, scale results were presented by LLC
participants and non-LLC participants who
identified as first-year students as of fall 2018.
Independent sample t-tests were applied to
compare constructs between LLC participants
and non-LLC participants. A Bonferroni cor-
rection was used to adjust the p-value to ensure
that tests of significance were not caused by a
type I error (Napierala, 2012).

LIMITATIONS

While we believe the study to be sound, we
note four limitations. First, we utilized a quan-
titative instrument to understand identity.
As shared previously, identity is dynamic, so
quantitative research might flatten the data by
preventing students from explaining the rich
context of their identity formation as an engi-
neer. Therefore, future studies may choose to
add a qualitative component to catalogue the
development of engineering and professional
identities. Qualitative research in this area
would be powerful and informative.

The second limitation stems from the fact
that this study utilized self-reported commit-
ment to the college, commitment to the major,
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and anticipated retention to the fall semester.
This self-reported data may not be accurate
for determining such commitments and re-
tention as compared to utilizing institutional
data. Third, while our sample size is sufficient,
we note a limitation related to the sample size
yielding adequate representation for some
statistical analysis. For instance, as we later
report, we were unable to conduct statistical
analysis on various racial and ethnic groups.

Finally, the data may also be subject to a vol-
unteer bias, as students within the engineering
LLC applied for and sought out a specific expe-
rience for engineers. This potential for volun-
teer bias may mean that they already had high
professional and engineering identity scores
before their participation. Previous studies on
LLCs have cited such volunteer bias (Slotta &
Acosta, 2017); therefore, it is suggested that
future researchers invoke a process of pre- and
post-testing to understand the changes in pro-
fessional and engineering identities for stu-
dents who participate in LLCs or other forms
of pedagogical and curricular experiences.

RESULTS

The first research objective sought to describe
the professional and engineering identities of
on-campus students within a college of engi-
neering. Table 2 and Table 3 use descriptive
statistics to explore professional and engineer-
ing identities, respectively. Tests for statistical
significance between professional or engineer-
ing identity and student group (i.e., ethnicity,
first-generation college student status, gender,
and years at the institution) were conducted.
Each table presents only statistically significant
differences by student group.

.. . engineering curricula should
focus on bolstering female
engineering identity by emphasizing
both their recognition and their
performance and competence in the
field.

Professional Identity Results

The sample (N = 503) reported a total profes-
sional identity mean score of 3.28 (SD = 0.45).
In terms of professional identity subscales, self-
efficacy was the highest subscale, with a mean
of 3.83 (SD = 0.43). The lowest subscale mean
was preference for a particular profession,
with a mean score of 2.28 (SD = 0.65), likely
caused by the different scales used to complete
this particular mean score. The professional
identity instrument was a 5-point Likert scale
(Tan et al., 2016), while the engineering iden-
tity instrument was a 7-point anchored scale
(Godwin, 2016). As a reminder, assessment of
preference for a particular profession featured
a question requiring a response of yes or no
(Tan et al., 2016). Thus, this construct used a
different scale.

Independent sample t-tests were conducted
to determine any differences in the professional
identity subscales between males and females.
Levene’s test for homogeneity was applied to
ensure that each test met the assumption of
p < 0.05. The findings of these tests indicated
no statistically significant differences.

Independent sample t-tests were per-
formed on first-generation college student
status to determine any differences in profes-
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mogeneity was only violated for the subscale
of experience (p = 0.014). Findings indicated
no statistically significant results for any of the
professional identity subscales or total. The
alpha was corrected using the Bonferroni ad-
justment, resulting in an alpha value of 0.049.

A one-way ANOVA was conducted on the
various racial identities included in the study

to find any differences in the means among the
professional identity subscales. Homogeneity of
variances existed in each subscale, as assessed
by Levene’s test for equality of variances. Partic-
ipants were classified into seven groups based
on institutional data: White (n = 264), interna-
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tional (n = 41), Hispanic/Latino (n = 113), Black
only/2+ or more (n = 12), Asian (n = 55), Ameri-
can Indian (n = 1), and two or more/exclud-
ing Black (n = 17). Table 2 presents the mean
scores of professional identity subscale by race.
Race was found to be statistically significant for
subscales of knowledge, F(6, 484) = 2.162, p =
0.045; experience F(6, 485) = 4.330, p = 0.001;
and the total, F(6, 484) = 2.347, p = 0.030). A
Tukey post-hoc test was attempted to explore the
source of the statistically significant difference
between the participants of different races, but
it could not be completed because one group
had fewer than two cases. The one-way ANOVA
was re-run without the American Indian par-
ticipants. Race was found to be statistically sig-
nificant for subscales of knowledge, F(5, 484) =
2.593, p = 0.025; experience, F(5, 485) = 5.193,
p = 0.000; and the total, F(5, 484) = 2.81, p =
0.016. A post-hoc Tukey test showed that, for
the knowledge subscale, the White and interna-
tional groups differed significantly at p < 0.05;
the remaining groups were not significantly dif-
ferent from the others. For the experience sub-
scale, the White and international, international
and Hispanic/Latino, international and Asian,
international and two or more/excluding Black
groups differed significantly at p < 0.05. For the
total, the White and international, international
and Hispanic/Latino, and international and
Asian groups differed significantly at p < 0.05.

A one-way ANOVA was conducted to
explore the differences in the means between
years at the institution and professional iden-
tity subscales. The assumption of homogene-
ity of variances was violated for knowledge (p =
0.033) and the total (p = 0.000), as assessed by
Levene’s test for equality of variances. The pro-
fessional identity subscales of knowledge, F(3,

61.512) = 1.206, p = 0.315, and the total, F(3,
50.401) = 0.1606, p = 0.919), showed no sta-
tistical significance by years at the institution.
The efficacy subscale exhibited a statistical
significance difference by years at the institu-
tion, F(3, 454) = 5.15, p = 0.002. Tukey post-hoc
analysis revealed that the mean increase was
statistically significant (p = 0.01) between stu-
dents in their first and fourth years (0.27, 95%
confidence interval [CI] [3.42, 3.79]) at the in-
stitution, but no other group differences were
statistically significant.

Engineering Identity Results

In regards to engineering identity, the total
mean score was reported as 4.80 (SD = 0.8y)
across the 503 participants in the sample. The
highest subscale was interest, with a mean
of 5.16 (SD = 1.04). The lowest engineering
identity subscale was performance and compe-
tence, with a mean score of 4.51 (SD = 1.07).

Independent sample t-tests were run to
determine any differences in engineering
identity subscales between males and females.
Levene’s test for homogeneity was consulted,
and each test met the assumption (p < 0.05).
The alpha value was adjusted to 0.049 using
a Bonferroni adjustment. The recognition sub-
scale revealed higher scores for male (4.79 +
0.05) than female engineering students (4.54
+ 0.09), a statistically significant difference
of 0.25 ([95% CI, 0.04, 0.45], {497] = 2.358,
p = 0.019). The performance and competence
subscale indicated male engineering students
having higher scores (4.60 + 0.05) than their
female peers (4.26 + 0.10), a statistically signif-
icant difference of 0.34 ([95% CI, 0.13, 0.50],
496] = 3.138, p = 0.002). The emotional in-
telligence total subscale demonstrated higher
male scores (4.85 £ 0.05) than female scores
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(4.66 + 0.07), a significant statistical differ-
ence of 0.19 ([95% CI, o.01, 0.37], {496] =
2.119, p = 0.035).

Independent sample t-tests were performed
on first-generation college student status to de-
termine any differences seen in engineering
subscales. Findings indicated no statistically
significant results.

A one-way ANOVA was conducted on the
various racial identities included in the study
to deduce if there were any differences in the
means among engineering identity subscales.
Upon reviewing Levene’s test for homogene-
ity, there were no violations in the assumption
across the subscales. There were no statisti-
cally significant differences among the means
of the engineering identity subscales by race.

A one-way ANOVA was conducted to de-
termine any differences in the means between
years at the institution and engineering iden-
tity subscales. Levene’s test for homogeneity
was reviewed. The assumption of homogene-
ity of variances was violated for the recognition
subscale (p = 0.008). The engineering identity
subscale of recognition was found to approach
statistical significance (p = 0.05) by years at the
institution, Welch’s F(3, 63.664) = 2.751, p <
0.05. No statistically significant difference was
shown to exist in the means of the subscales
interest, F(3, 462) = 1.928, p = 0.05, or perfor-
mance and competence, F(3, 461) = 1.709, p =
0.189, by years at the institution. The means
were lower in fourth-year students than first-
year students.

Living-Learning Community Results

The second research objective sought to deter-
mine if participation in an engineering-based
LLC affects professional and/or engineering

identity. Table 4 and Table 5 present descriptive
statistics for the professional and engineering
identities of undergraduate respondents in
their first year at the institution (n = 360) by
engineering LLC participation. Tests for sta-
tistical significance were conducted between
professional and engineering identities and
student group (i.e., ethnicity, first-generation
college student status, gender, and years at the
institution). Each table presents only statisti-
cally significant differences by student group.
Some student groups did not achieve 30 re-
spondents, so their significance results should
be used with caution.

Table 4 presents the professional identity
subscales by LLC participation. The highest
subscale was self-efficacy, with a mean of 3.88
(SD = 0.40). The lowest subscale was prefer-
ence for a particular profession, with a mean
of 2.26 (SD = 0.65). When considering LLC
participation, the highest subscale was self-
efficacy for LLC participants (M = 3.86, SD =
0.40) and for non-LLC participants (M = 3.82,
SD = 0.44). Independent sample t-tests were
run to determine any differences in the profes-
sional identity subscales between LLC partici-
pants and non-LLC participants. Levene’s test
for homogeneity was consulted and indicated
that the assumption was never violated (p <
0.05). The findings showed no statistically sig-
nificant results.

Table 5 presents engineering identity
means by LLC participation. The highest
scoring subscale was interest (M = 5.19, SD =
1.02), with the lowest being performance and
competence (M = 4.53, SD =1.05). The greatest
difference in the means of 0.18 between LLC
participants and non-LLC participants was in
the recognition subscale. Independent sample
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Professional Identity Subscales by LLC Involvement

t-tests were run to determine any differences
in the engineering identity subscales means by
LLC participation. Much like the professional
identity subscales, the findings indicated no
statistically significant results.

DISCUSSION AND IMPLICATIONS

Results from this study have a number of
implications for practice and future research
related to engineering education and LLC ad-
ministration. First, implications are presented
from analysis of the sample, population, and
college representation of student groups.
Next, insights and actions are recommended
based on results of the professional and en-

gineering identity scales. Finally, LLC-specific
recommendations are made for practice and

research.

Sample Analysis
In most cases, the sample representation was
similar to the representation of the on-campus
population and college-number frequencies
of student groups (i.e., gender, race) (Table
1). Some distinguishable differences were ob-
served in gender, first-generation status, racial
group, and LLC participation. For gender,
the female representation within the sample
(24.65%) was greater than that for the popu-
lation (21.41%). The overall college represen-
tation of females was 22.60%. Therefore,
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Knowledge Experience Role Model Self-efficacy Preference Total
M SO p M SOD p M SD p M SOD p M SO p M SD p
LLC involvement
Participant 357 065 078 277 0.81 015 374 064 091 386 040 064 2.26 066 075 324 043 061
Nonparticipant 3.65 0.69 296 0.83 376 0.65 382 044 2.29 0.64 330 046
Total 3.58 0.68 2.84 0.81 375 0.64 3.88 0.40 2.26 0.65 326 044
Table 5
Engineering Identity Subscales by LLC Involvement
Recognition Interest Perf./Competence Total
M SD p M SD p M SD p M SD p
LLC involvement
Partcipant 4.60 110 011 517 1.02 072 452 m 066 476 092 078
Nonparticipant 478 0.97 5.16 1.04 4.51 1.05 482 085
Total 473 0.98 5.19 1.02 4.53 1.05 482 082
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the male representation in the sample was
less than that in the population, leading to a
slight overrepresentation of females. A similar
phenomenon was seen when looking at first-
generation status. A majority of participants
(76.34%) were legacy students (not first-
generation college students), meaning they
were slightly overrepresented in the sample
by 2.80%. When exploring representation by
race, discrepancies were observed between the
counts of White and Asian respondents, with a
roughly 3% difference between the population
and sample. The various numbers for years
at the institution illustrated discrepancies as
large as 6% in first-year respondents and as
small as less than 1% in third-year respon-
dents. However, the largest overrepresentation
occurred when looking at LLC participants,
with 6% more participants in the sample fre-
quency than in the population. This means
that non-LLC participants were underrepre-
sented in the sample.

These insights are important to keep in
mind when interpreting the results of the
study. Additionally, this comparison of the
study population to the college population
could be a useful activity for aiding college
administrators, faculty, and LLC program ad-
ministrators in understanding their student
body and knowing which students participate
in their engineering-based LLCs. Of course,
there may be lurking variables not included in
the study, such as socioeconomic status or re-
quired live-on policies, that may affect students
who decide to live on campus or participate in
an LLC.

Professional Identity Analysis
When exploring the results of the professional
identity scale in regard to gender, no statistical

difference was seen in the means across the
various constructs. The largest difference in
the observed means was 0.07, while the small-
est difference was o.01. Because of the similar
mean scores within professional identity sub-
scales, it is reasonable to assume that men and
women are relatively consistent in their profes-

sional identity development.

Similar to gender revealing no statisti-
cal or practical significance difference on the
professional identity constructs, no difference
was shown related to the variable of first-gen-
eration status. This result may indicate that
being a first-generation college student does
not impact a student’s semblance of profes-
sional identity negatively. For housing profes-
sionals who desire to develop their students’
professional identity, this finding suggests that
there may be no need to differentiate students
Dby first-generation status or by gender. For in-
stance, an engineering LLC may offer profes-
sional identity development programs for all
of their students rather than implementing
demographic-specific programming.

These insights may also have an effect on
future engineering education research. When
designing future studies, researchers may
work to confirm the result that first-generation
college student status does not affect profes-
sional identity in a pronounced way and may
consider adding variables such as those related
to socioeconomic status. Using this as a pivot
point can identify groups that are underrepre-

sented within engineering programs.

In terms of the means of the professional
identity constructs by racial group, internation-
al students scored the highest mean in all of the
subscales, except in self-efficacy, where White
students scored the highest (M = 3.85), and in
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preference for a particular profession, where
they tied with White students (M = 2.30). Ad-
ditionally, differences existed in the means for
the professional identity constructs across the
different racial groups. A possible explanation
for higher scores by international students is
that students attending a school abroad will
often choose the school of a particular major
(i-e., engineering) and are making a substan-
tial commitment to attend in a foreign country.

We acknowledge that institutional data
combining the race and ethnicity of interna-
tional and domestic racial groups into one
question causes concern for analysis. An ad-
ditional limitation of this study came from the
small sample size, which prevented us from
conducting some statistical tests of signifi-
cance. Future research should be conducted
where sample sizes enable researchers to
analyze the differences in professional identity
among various racial groups, as suggested by
Chang (2002).

Final recommendations related to pro-
fessional identity come from the statistically
significant differences based on years at the in-
stitution. First- and fourth-year students at the
institution scored statistically significant differ-
ences on one of the five subscales (self-efficacy).
These results are the opposite of our expecta-
tions. Fourth-year students scored lower (M =
3.60) than did first-year students (M = 3.8y).
This difference may be explained by the fact
that as students progress in their degrees, they
may become more aware of their own knowl-
edge and skill gaps within the engineering cur-
riculum and thus score themselves lower than
do their more idealistic first-year student peers.
To state it another way, the college experience
has an inherent design to broaden a student’s

view of the world, giving them more and more
information and options and mature perspec-
tive as they progress. First-year students have a
narrower viewpoint, so it is easier for them to
make a concrete statement. Housing profes-
sionals working with engineering LLCs might
consider programs that incorporate upper-
division students, who could serve as mentors,
participate in panel discussions, and take partin
other forms of interaction to develop first-year
students’ professional identity. Overall their
presence and involvement with first-year stu-
dents will aid first-year students in having more
realistic understandings of their engineering
knowledge and skills.

Engineering Identity Analysis

When exploring the engineering identity dif-
ferences between males and females, males
had higher means in recognition (M = +0.25,
p = 0.02), performance and competence (M =
+0.34, p = 0.02), and in the total mean score
(M = +0.19, p = 0.04). These results indicate
that females identify less as engineers than
their male counterparts do. It is likely that
this difference does not come from a lack of
support in education, but from females being
traditionally underrepresented in engineer-
ing (Hamrick, 2019; Wasilewski, 2015). As
a result, engineering curricula should focus
on bolstering female engineering identity by
emphasizing both their recognition and their
performance and competence in the field.
This finding supports housing professionals’
current practice of creating floors or wings for
female engineers. This layering of engineer-
ing identity and gender may aid in bolstering
female recognition, performance and compe-
tence, and their overall engineering identity.
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Similar to first-generation status not pro-
ducing noticeable differences within profes-
sional identity scores, there is also a negligible
difference seen in engineering identity. This
once again indicates that being a first-genera-
tion college student does not impact a student’s
semblance of engineering identity negatively.

Living-Learning Community Analysis

When exploring how LLC involvement affects
engineering identity, the mean scores of inter-
est and performance and competence were
very similar between LLC participants and
non-LLC participants. However, the means for
the recognition subscale were more differenti-
ated, indicating that respondents involved in
LLCs do not recognize themselves as engineers
to the same extent as their first-year peers. This
surprised us, as one of the enumerated limi-
tations of the study was volunteer bias—LLC
participants naturally would seem to have
higher scores because they identify more as
engineers, as evidenced by their motivation
to apply for the LLC in the first place. Perhaps
the explanation for this result is that students
involved in LLCs participate in the program
to bolster their engineering and professional
identities. Conversely, perhaps the reason for
non-LLC participants having a higher recogni-
tion stems from the idea that they do not per-
ceive a benefit from LLC involvement because
they already know their desired plans within
engineering. Another explanation may have
to do with pressure to declare a major. At the
institution where this research was conducted,
there is an entry-to-a-major process where stu-
dents have to apply for their upper-division
major within the college of engineering and are
only a general engineering major when they
begin college. It seems to make sense that stu-

dents who are actively working to declare their
major may identify with it more as opposed to
a transfer student. This idea is supported by
non-LLC participants scoring higher on most
of the professional identity subscales as well.

These findings would provide LLC admin-
istrators with the necessary information to
develop programs that more deeply integrate
students with the discipline and faculty. Related
to recognition, for instance, engineering admin-
istrators could pioneer a marketing campaign
that utilizes program swag as a way to bolster
engineering identity recognition. To illustrate,
similar to the “I'm First” Campaign originally
developed by the Center for Student Opportuni-
ty, program administrators could create t-shirts
that assert “I'm an engineer.” Finally, future re-
search for engineering-based LLC involvement
should be longitudinal, using pre- and post-
testing to explore how LLC participants and
non-LLC participants develop professional and

engineering identities over time.
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Discussion Questions

1. Explain how a first-year student's participation in an engineering-based LLC can limit or
enhance their holistic college experience.

2. What might account for the racial differences in the professional identity results?

3. The scores for males were consistently higher than they were for females in regard to
elements of engineering identity. What does this suggest for LLC implementation?

4. Results indicated no significant differences in professional and engineering identity
between LLC participants and non-participants. In your opinion, should this engineering
LLC be discontinued? Why or why not?

5. What ethical considerations are involved in implementing an LLC when there are disparities
based on race, gender, or some other identity?

6. Based on this study’s results, how might you shape an academically focused LLC to
enhance participants' professional and disciplinary (e.g., engineering) identity?

7. The authors describe the literature supporting engineering identity. What professional
identities exist for students on your campus, and how might you influence that
development for residential students outside of LLCs?

Discussion questions developed by Denise Davidson, Associate Professor, and Jeri Fries and
Nick Paseano, graduate students in the College Student Affairs program at Bloomsburg
University of Pennsylvania.
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