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Abstract: The construction industry’s long-term health depends upon continued efforts to understand historically excluded students’ attri-
tion from engineering programs. For women, lack of identification with engineering may motivate their departure. Because professional
persistence relates to engineering identity, it benefits attrition interventions to understand this identity development. Focusing upon students
demonstrating some persistence in engineering, this research examines if and how engineering identity differs across gender among upper-
division undergraduates. Surveying 11 American public university civil and construction engineering programs, the authors capture how
central engineering is to self-concept, how positively students view engineers and perceive others to view engineers, and how students feel
they belong. Using structural equation modeling, the authors find that among upper-division students and compared with cis men, cis women
more strongly define themselves as engineers, are more confident of their place among fellow engineers, and feel more positively about
engineers. A stronger engineering identity may help cis women cope with marginalization and may be limited to the upper-division under-
graduate years. This study offers guidance for sustaining upper-division cis women’s strong engineering identity. DOI: 10.1061/(ASCE)
ME.1943-5479.0000876. © 2020 American Society of Civil Engineers.

Introduction

It is well-documented that engineering and construction higher-
education programs and industry workforces lack diversity. Illus-
tratively, for the construction industry, a recent figure from the US
Bureau of Labor Statistics suggested that approximately 10% of
construction professionals in the country are women (US Bureau
of Labor Statistics 2019). For the academic community, women’s
receipt of bachelor’s, master’s, and doctoral degrees in civil engi-
neering has stalled at approximately 20% (Appelhans et al. 2019),
which could be argued as satisfactory (Hickey and Cui 2020) but
does not suggest progress. In response to these gender differences

and other disparities, research efforts have focused upon explaining
underlying causes (Tao and McNeely 2019), the ensuing economic,
social, and individual repercussions (Appelhans et al. 2019; Manesh
et al. 2020), and possible ways to subvert these historical trends
(Faulkner 2007; Petray et al. 2019; Prybutok et al. 2016; Shrestha
et al. 2020).

For the construction industry specifically, improving workforce
diversity not only benefits the innovation, productivity, and finan-
cial performance of organizations (Petray et al. 2019; Watson and
Froyd 2007), but also addresses the global skill shortage (Sunindijo
and Kamardeen 2017). The long-term health of the industry de-
pends upon continued efforts to understand issues of attraction
and retention of underrepresented groups [i.e., groups not charac-
terized by able-bodied white men (Powell and Sang 2013)], par-
ticularly during college. Earning an undergraduate degree is the
beginning of many professional careers and is a potentially impor-
tant determinant of long-term retention in the construction industry.
For women in the construction industry, earning a college degree in
related fields significantly influences their satisfaction with their
current employers, their intentions to remain with these employers,
and their overall long-term careers in the industry (Malone and Issa
2013; Naoum et al. 2020).

The importance of engineering degree programs in industry re-
tention has also been emphasized by researchers studying the at-
trition of underrepresented students from engineering (Appelhans
et al. 2019; Watson and Froyd 2007). Some of this research fore-
grounds the agentive role of engineering departments in this depar-
ture by relabeling underrepresented students as excluded identities
(Appelhans et al. 2019; Walden et al. 2018). The use of identities in
this term is apropos, given that beyond acquiring requisite skills for
their careers, undergraduate students also undergo disciplinary de-
velopment and begin to foster their professional identities during
college (Meyers et al. 2012). Because identity is a key informant
of experience (hooks 1981; Spelman 1988; Tate and Linn 2005), its
formation is imperative for students’ experiences and retention in
degree programs (Seymour 1997; Stevens et al. 2005). Given
the centrality of engineering identity formation to the retention of
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underrepresented students in construction fields and the signal im-
portance of increasing diversity to the development of the field, this
research focuses upon the university years and the role of gender in
students’ “being and becoming” engineers (Carlone and Johnson
2007; Chachra et al. 2008).

To this end, the authors used structural equation modeling
(SEM) to isolate and assess the extent of self-identification with
engineering across gender among upper-division students from
11 American public university civil and construction engineering
programs. In light of the findings, this paper argues that cis women
identify with engineering to a stronger extent than cis men, a phe-
nomenon that may be unique to the upper-division undergraduate
years: at that point in their program, cis women have demonstrated
some persistence in engineering and may be able to manage mar-
ginalization due to their violation of gender norms. This research
may help inform the educational support of and curriculum for
upper-division engineering students to augment and sustain strong
engineering identities among cis women.

Although the findings of this paper are from a data set of ex-
clusively civil and construction engineering students, due to the
lack of discipline-specific studies on diversity in engineering pro-
grams the authors link the findings to the available broader-scoped
literature. Many of these studies include civil engineering students
(e.g., Meyers et al. 2012; Prybutok et al. 2016; Seymour 1997),
making their claims representative and relevant to the field; however,
their wide range can also dilute concepts and overlook nuances rel-
evant to each discipline’s diversity issues. A strength and unique
feature of this paper is its concentration on civil and construction
engineering students, making it particularly germane to the profes-
sion and suggesting a need for similar framing of future related
research.

Engineering Identity

Given the aforementioned studies, the formation of engineering
students’ professional identity—although only one component of
students’ broader development of their sense of self (Carlone and
Johnson 2007; Prybutok et al. 2016)—is nonetheless a useful
framework for addressing issues of retention in construction and
engineering (Morelock 2017; Pierrakos et al. 2009; Tonso 2007).
Research has shown that aligning students’ self-image to that of
professionals improves their retention in science, technology, en-
gineering, and mathematics (STEM) (Matusovich et al. 2010;
Meyers et al. 2012). Here, the authors define students’ self-image
as it relates to their engineering identity, which encompasses what it
means to be an engineer in terms of characteristics, knowledge, and
activities (Hatmaker 2012; Morelock 2017). In this research, the
authors refer to the double-sidedness of identity (Skinner et al.
2001; Stevens et al. 2005), a term highlighting the simultaneity
of internal and external identity formation, to capture students’
development of self in context: indeed, “identity is something
experienced (as in ‘I belong’) but also something bestowed and
maintained by others (as in ‘to us, you belong’)” (Stevens et al.
2005).

Theoretical Framework

Within the literature, there are numerous definitions and frame-
works for engineering identity (Morelock 2017). The authors
use a theoretical framework of engineering identity stemming from
the multidimensional inventory of Black identity (Chachra et al.
2008; Sellers et al. 1997) and from an adaptation of a group iden-
tification scale (Brown et al. 1986; Chachra et al. 2008; Hinkle
et al. 1989). The final framework comprises four constructs. These

subscales include notions of centrality, or the extent to which stu-
dents define themselves as engineers; private regard, or the extent
to which students feel positively or negatively about engineering
and engineers; public regard, which is the extent to which students
perceive others feel positively or negatively about engineering and
engineers; and group identification, defined as the extent to which
students feel they belong in engineering (Chachra et al. 2008;
Settles et al. 2016). To date, this specific framework has only been
used to study engineering identity of lower-division undergradu-
ate students across multiple engineering disciplines (Chachra
et al. 2008). It follows that this framework should be applied
to and validated for upper-division undergraduate engineering
students, which the authors restrict to the civil and construction
engineering discipline to best inform the industry’s retention
efforts.

Gender and Engineering Identity

The role of gender has been identified as a critical component of
engineering identity studies (Tonso 2007). For example, profes-
sional persistence is linked to engineering identity (Meyers et al.
2012). Historically, women have left engineering in greater per-
centages than men (Fouad et al. 2011). Despite demonstrated tech-
nical skills, a lack of identification with engineering may motivate
women to leave engineering (Godwin and Potvin 2017; Seymour
1997; Sheppard et al. 2015).

To be precise, the authors use the term cisgender to refer to indi-
viduals whose gender identity matches their sex assigned at birth
(Aultman 2014). Previous engineering identity work often lacks
this semantic precision, which is a contribution of this paper
and its proposed survey tool for the promotion of more specific
targeting of diversity program efforts and more inclusive diversity
rhetoric. Although the number of transgender students in this study
is too low to provide sufficient power for quantitative study, this
proportion likely mirrors the actual state of the construction indus-
try (Chan 2013) and gives the authors confidence in comparing
with previous engineering identity work.

In the literature, the role of gender as it relates to engineering
identity depends upon the theoretical framework and definitions
(Morelock 2017). Within a study utilizing the engineering identity
framework used here, it was observed that among first- and second-
year engineering US undergraduate students, there was no statisti-
cally significant difference in the extent of identification with
engineering between men and women. That study also suggested
that men and women may have differing understandings of what
constitutes a professional engineering identity (e.g., in terms of ac-
tivities) and requires further research (Chachra et al. 2008).

In contrast, another study employing a differing framework but
disaggregating by gender and grade level suggested that first-year
women were the least likely to self-identify as engineers and that at
all grade levels, a higher percentage of men self-identified as en-
gineers compared with women (Meyers et al. 2012). Although
women in general are thought to enter college with lower self-
efficacy than males (Besterfield-Sacre et al. 2001), gender has
also been found to not be a significant predictor of persistence
in engineering when considered against grades in introductory
STEM courses, at least at highly selective institutions (Strenta
et al. 1994). However, academic achievement does not fully
explain persistence because women leaving engineering are
performing as well as those populations that decide to stay
(Cech et al. 2011; Seymour 1997; Shi 2018), regardless of the
institution type. In sum, the gendered role of engineering identity
in retention remains unclear and requires further empirical
investigation.
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Purpose

This research measures the engineering identity of upper-division
undergraduate engineering students and quantifies the differential
extent of self-identification with engineering for cis women as com-
pared with cis men. The authors ask the following questions:
• Does gender, and specifically cisgender identity, affect the

extent of self-identification with engineering among upper-
division American undergraduate engineering students?

• How does engineering identity differ across gender in the ways
of centrality, public regard, private regard, and group identifica-
tion among upper-division American undergraduate engineer-
ing students?

Methods

Data Collection

Twelve public universities distributed across the US participated
in the survey during 2019; one institution only included lower-
division student participants and was therefore removed from
this analysis. Six of these institutions were public land-grant
universities. The average student population (including graduate
students) was approximately 31,000 students. The approximate
locations and student population, as well as university type, are
displayed in Fig. 1.

Institutional review board approval was received from the
University of Washington. In total, 377 surveys were collected;
14 out of the 391 students who participated requested to have their
responses destroyed. The minimum number of surveys from any

university was 12, and the largest was 87 surveys, with an average
of 31 surveys. The authors do not make claims about any particular
university or region; the surveys were combined to generalize the
findings across American public universities because it was statisti-
cally confirmed that university-level effects did not materially
change the results herein.

The survey contained 29 Likert-scale items, as well as several
qualitative questions. Demographics were also collected, including
gender and sex information (Tables 1 and 2). The Likert-scale items
and demographics questions took approximately 10 min to com-
plete, and this study only focuses upon these items. The 29 Likert-
scale items were identical with those originally created by Chachra
et al. (2008) and are listed in the Appendix, along with the abbre-
viated versions of the items used in the analysis. These Likert-scale
items were scored on a scale from −3 (strongly disagree) to 3
(strongly agree); except for the noted reversed scale items, the
survey items were structured such that the higher the response
score, the stronger the engineering identity (i.e., the greater the
extent of self-identification with engineering).

Public land grant

Public

Public land grant

Public land grant

Public

Public
Public land grant

Public land grant

Public

Public land grant

Public

Size 10000 20000 30000 40000 50000

Fig. 1. Approximate locations and sizes of the 11 sampled public universities with upper-division student data, labeled by type.

Table 1. Self-disclosed genders of sampled students

Response Count

Proportion (of 328 upper-
division civil engineering

survey respondents)

Cis woman 92 0.28
Cis man 223 0.68
Transgender or prefer
not to respond

13 0.04
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Data Cleaning

Using the sociodemographic information collected on self-reported
gender and sex, responses were filtered to include only cisgender
individuals; other genders were not analyzed here due to the small
sample sizes of those groups (13 students) (Table 1). Furthermore,
the authors only retained students who were juniors or seniors, who
considered themselves to be engineering students, and who iden-
tified as civil (including architectural and environmental) or con-
struction engineering students. Despite different nomenclature of
the civil departments across the sampled universities, and despite
undeclared majors for six students, the authors were confident in
grouping students across these institutions based upon students’
enrollment in a construction-related course at the time of the survey.
Overall, these criteria resulted in removing 61 respondents from the
data set. One additional student was not included in the analysis
due to substantial missingness of demographic information. The
final sample was comprised of 315 upper-division civil and con-
struction engineering undergraduate students from 11 universities
who were willing to answer at least some of the survey items.
Single imputation was used to fill in the missing responses (0.3%
missingness, assumed to be missing at random). Future work
should explore the experiences of the students excluded from this
analysis using different research designs.

As stated previously, the original survey items were scored on a
scale ranging from −3 to 3, excluding zero. For this analysis, the
scale was recoded to range from 1 to 6. Each of the survey items
was treated as an ordinal variable with six levels. However, for the
survey items that did not have responses at each level, the authors
collapsed the levels with zero responses. This step retained the
ordinal structure of the variables, and because the authors were
not interested in the finer movement from level to level but rather
the direction and overall significance of the difference between the
scores of the average student across gender, this data cleaning step
was not believed to be a marked loss of information.

Validation of Selected Theoretical Framework and
Measurement Tool

The authors sought to validate the theoretical framework designed
by Chachra et al. (2008) because it had not been previously done
and published, nor had the framework been applied to study upper-
division undergraduate students’ engineering identity. An explora-
tory factor analysis (EFA) was used to identify latent engineering
identity factors (Thompson 2004) and compare them with the four
factors defined by Chachra et al. (2008). EFA seeks to discover the
number of factors without specifying items to certain factors
(Bartholomew et al. 2008, p. 289). This flexibility allowed the au-
thors to consider moving items to different constructs while still

being primarily guided by the theory drawn from Chachra et al.
(2008). Given the ordinal nature of the data, the authors performed
the analysis by computing a polychoric correlation matrix and creat-
ing a scree plot of eigenvalues to identify the desirable number of
latent factors. Upon identifying four factors, an oblique rotation
(Osborne 2015) was used for the polychoric correlation matrix to
produce the factor loadings. The authors removed cross-loading
items, or those which loaded similarly onto two or more factors
(i.e., for a single latent factor, if its highest-magnitude loading was
at least double its second highest loading, the factor was considered
unidimensional). For this analysis, and for the confirmatory factory
analysis (CFA), a standardized factor score (rounded to the nearest
10th digit) of 0.5 was the threshold for loading the survey items onto
the latent factors. Table 3 presents the EFA results, displaying only
the items which loaded above the threshold.

As indicated in Table 3, the items and constructs demonstrated
good internal reliability. For example, the four constructs’ Cron-
bach’s alpha scores were greater than an accepted threshold of
0.7 (Gliem and Gliem 2003). Using the reliable measurement struc-
ture specified by the EFA, measurement invariance was confirmed
across gender, the characteristic of interest. After an initial test sug-
gested that measurement invariance was violated (Δχ2 ¼ 85.9, de-
grees of freedom (df) = 61, and p-value ¼ 0.019), the authors
removed the sixth public regard item (“Viewed as an asset”) and
achieved measurement invariance (Δχ2 ¼ 64.8, df ¼ 58, and
p-value ¼ 0.25), suggesting comparisons across gender are mean-
ingful and valid (Sass 2011). To further substantiate cross-gender
comparisons and in response to Chachra et al.’s (2008) comment on
potentially differing definitions of engineering by sex, the authors
qualitatively coded students’ descriptions of prototypical engineers.
No substantive differences in these descriptions were uncovered.

A CFA was completed using this new measurement structure
(depicted in Fig. 2) and a diagonally weighted least-squares esti-
mator (Li 2016). For the purpose of model identification, because
private regard only has three items, it was required that the factor
loadings of its “I often regret” and “I am proud” items be con-
strained as equal because their error variances were uncorrelated,
and there was no theoretical justification against this equivalence
(Kenny 2020). The CFA results are given in Table 4, and the model-
implied correlation matrix is presented in the Appendix. The con-
struct reliability scores as represented by composite reliability, with
a benchmark of 0.80 (Brunner and SÜβ 2005), supported the in-
ternal consistency of model (Bollen 1989). Each construct’s aver-
age variance extracted was at least 0.5 (Fornell and Larcker 1981),
further establishing construct reliability. Other fit indices such as
the robust root-mean square error of approximation (RMSEA)
of 0.079 [less than 0.08 indicated a good fit (MacCallum et al.
1996)] and standardized root mean squared residual (SRMR) of

Table 2. Demographics for cisgender students

Demographic
characteristic

Predominant demographic
makeup

Cis women Cis men

Count Totala Proportion Count Totala Proportion

Age 18–22 85 92 0.92 183 222 0.82
Sexual orientation Heterosexual 82 90 0.91 198 209 0.95
Race White (including Middle Eastern) 69 89 0.78 169 210 0.80
Socioeconomic status > USD 100,000 43 81 0.53 85 184 0.46
Ethnicity Not Hispanic or Latino 83 91 0.91 195 215 0.91
Disability No disability 89 91 0.98 209 221 0.95
Religious affiliation Other Christian religion 39 90 0.43 73 208 0.35
Family bachelor’s degree Yes 80 91 0.88 149 222 0.67
aThe Total column is the number of upper-division respondents of that gender willing to provide that demographic information, assumed to be sampled from a
population of upper-division cisgender students willing to provide those demographics.
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0.072 [less than 0.08 indicated a good fit (Hu and Bentler 1999)]
also supported the fit of the measurement model.

Data Analysis

To address both research questions, the authors took a SEM approach
(Tripathi and Jha 2018) and specified simultaneous regression equa-
tions for the four latent constructs using a diagonally weighted least-
squares estimation procedure to fit the structural model (Li 2016). In
addition to the predictor of gender, demographic characteristics of
socioeconomic status (SES), religion, and grade level were included,
given that students’ engineering identities can be impacted by other
traits or circumstances. From the demographic information provided
by the survey respondents, these characteristics were selected based

upon their lack of correlation and demonstrated heterogeneity within
the sample (distributions are given in Table 2), which afforded
statistical power. The demographic characteristics were treated as
dichotomous variables, with the most frequently occurring level
of the original categorical variable coded as category one. This
dichotomization was guided by the following question: “Is there
a difference in self-identification with each construct between the
less-predominant and more-predominant groups?”

Results and Discussion

The regression results of the structural model are in Table 5 and are
grouped by the four constructs. Three negative and statistically

Table 3. Exploratory factor analysis

Latent construct Code Item
Standardized
factor loading

Item
reliability

(R2)

Construct
reliability

(Cronbach’s alpha)

Variance
explained

(%)

Centrality C1 Very little to doa 0.56 0.32 0.77 9.06
C2 Part of self-image 0.77 0.59
C4 Unimportant to my sensea 0.71 0.51
C8 Not major factor in sociala 0.47 0.22

Private regard PrR2 I am happy 0.65 0.43 0.78 6.97
PrR4 I often regreta 0.72 0.51
PrR5 I am proud 0.56 0.31

Public regard PuR1 Considered good 0.56 0.32 0.79 13.22
PuR2 Others respect 0.77 0.60
PuR3 More ineffectivea 0.55 0.30
PuR4 Not respected by societya 0.65 0.42
PuR5 Viewed in positive manner 0.73 0.54
PuR6 Viewed as asset 0.46 0.21

Group ID GI1 I identify 0.70 0.49 0.85 12.71
GI2 Glad to belong 0.45 0.25
GI5 Important part on campus 0.52 0.27
GI6 Fit in well 0.75 0.56
GI9 Feel strong ties 0.85 0.72

Note: For readability, standardized factor loadings that when rounded to the nearest 10th digit were less than 0.5 were not retained in this table.
aThese items had reversed scoring.

Fig. 2. Measurement model.
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significant (p-values less than 0.05) standardized regression coef-
ficients for gender suggest that, on average, the latent constructs
of centrality, private regard, and group identification are all mean-
ingfully lower for cis men than for cis women, holding the other
demographics constant. Public regard does not differ meaningfully
across gender. Furthermore, comparing the magnitudes of the
standardized regression coefficients indicates the relative strength
of the average effects of the predictors on each construct, with gen-
der consistently having the largest magnitude among the other dem-
ographics. From these results, the authors contend that gender has
an important role in determining overall engineering identity in the
ways of centrality, private regard, and group identification. Despite
analyzing demographic characteristics independently of one an-
other, the authors recognize the reality of intersectionality and
consider it further in the discussion. In the following sections
of the discussion, the authors address each research question in
turn, beginning with a broader look at engineering identity before
examining construct-specific gender differences.

Upper-Division Cis Women Have Stronger Engineering
Identity Compared with That of Cis Men

In response to the first research question, in this data set and under
this theoretical framework, the authors find that gender relates to
the extent of upper-division students’ self-identification with engi-
neering in a statistically significant way. Much of what constitutes
engineering identity—namely, centrality, private regard, and group
identification—is exhibited more strongly in cis women than in cis
men among upper-division undergraduates. Similarly, Meyers et al.
(2012) discovered that gender is a significant factor in determining
engineering identity. An important difference, however, is that
Meyers et al. (2012) observed that male students are more likely

to identify themselves as engineers as compared with female stu-
dents, a trend that was found to hold across all undergraduate years.
This difference may be due to their use of a theoretical framework
that emphasized behaviors and responsibilities (Meyers et al. 2012)
that can be construed as a more task-oriented orientation tradition-
ally ascribed to males (Struch et al. 2002). For example, Meyers
et al. (2012) asked if “making a long-term commitment to a com-
pany” is necessary to be considered an engineer. The theoretical
framework in this study (Chachra et al. 2008) resulted in the survey
items being comprised of more “I am” or “I feel” statements as
opposed to statements with action verbs (Meyers et al. 2012).
The orientation of these types of statements is more expressive,
a value typically associated with females (Felder et al. 2002;
Struch et al. 2002) and which may have helped to differently elicit
responses about identity among cis women in this project.

Chachra et al. (2008) used the engineering identity framework
employed within this study, and they found that freshman students’
engineering identity is statistically the same for male and female
students. The results presented here show that there is a statistical
difference in the extent of self-identification with engineering be-
tween cis men and cis women among upper-division students.
In addition to the inherent differences between Chachra et al.
(2008) and the authors’ study populations, another explanation
for this seeming increase in extent of self-identification from the
lower to upper years is the capturing of survey responses from
only those cis women with the strongest engineering identities
who have persisted in the program. Although this explanation
cannot be confirmed without a longitudinal study, this claim is
supported by the fact that students’ tenacity around self-efficacy
and self-confidence, interest, and career goals—factors that re-
late to engineering identity—assists in determining attrition rates
(Besterfield-Sacre et al. 2001; Geisinger and Raman 2013).

Table 4. Confirmatory factor analysis

Latent construct Code Item
Standardized
factor loading

Standard
error

Item
reliability

(R2)

Construct
reliability

(composite reliability)

Average
variance
explained

Centrality C1 Very little to doa 0.74 0.035 0.54 0.80 0.52
C2 Part of self-image 0.86 0.029 0.74
C4 Unimportant to my sensea 0.74 0.033 0.54
C8 Not major factor in sociala 0.51 0.049 0.26

Private regard PrR2 I am happy 0.73 0.041 0.54 0.85 0.65
PrR4 I often regreta 0.84 0.023 0.70
PrR5 I am proud 0.84 0.023 0.70

Public regard PuR1 Considered good 0.68 0.040 0.46 0.85 0.55
PuR2 Others respect 0.90 0.023 0.80
PuR3 More ineffectivea 0.59 0.042 0.35
PuR4 Not respected by societya 0.69 0.043 0.47
PuR5 Viewed in positive manner 0.83 0.029 0.68

Group ID GI1 I identify 0.83 0.025 0.69 0.88 0.60
GI2 Glad to belong 0.80 0.031 0.64
GI5 Important part on campus 0.70 0.033 0.49
GI6 Fit in well 0.76 0.030 0.57
GI9 Feel strong ties 0.78 0.025 0.61

Fit indices
Standard χ2, df 268.5, 114 Robust χ2, df 337.4, 114

CFI 0.985 CFI 0.951
TLI 0.982 TLI 0.942

RMSEA 0.066 RMSEA 0.079
SRMR 0.072 SRMR 0.072

Note: Standardized factor loading cut-off is 0.50.
aThese items had reversed scoring.
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Table 5. Regression results from structural model

Latent construct Item
Standard

factor loading
Standard
error

Cis man
coefficient

Standard
error p-value

Junior
coefficient

Standard
error p-value

Upper SES
coefficient

Standard
error p-value

Protestant
coefficient

Standard
error p-value

Centrality C1 0.74 0.035 −0.29 0.060 0.00 −0.062 0.063 0.33 0.011 0.060 0.85 −0.15 0.061 0.019
C2 0.86 0.029
C4 0.74 0.032
C8 0.51 0.051

Private regard PrR2 0.73 0.041 −0.18 0.061 0.0040 −0.16 0.064 0.013 0.064 0.064 0.32 0.041 0.064 0.52
PrR4 0.85 0.024
PrR5 0.85 0.024

Public regard PuR1 0.68 0.039 −0.068 0.064 0.29 −0.051 0.064 0.43 0.014 0.065 0.83 −0.037 0.065 0.52
PuR2 0.90 0.024
PuR3 0.60 0.043
PuR4 0.69 0.042
PuR5 0.83 0.03

Group ID GI1 0.84 0.025 −0.24 0.057 0.00 −0.14 0.060 0.062 0.092 0.059 0.12 −0.0060 0.059 0.93
GI2 0.80 0.031
GI5 0.70 0.033
GI6 0.76 0.029
GI9 0.79 0.025

Fit indices
Standard χ2, df 290.6, 166 Robust χ2, df 385.4, 166

CFI 0.986 CFI 0.949
TLI 0.989 TLI 0.959

RMSEA 0.049 RMSEA 0.065
SRMR 0.072 SRMR 0.072

Note: Coefficient indicates columns of standardized regression coefficients for the four demographic characteristics; p-value ≤0.05 suggests statistical significance. Standardization of regression coefficients
permits comparison of strength of association with the constructs across predictors.
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Furthermore, Meyers et al. (2012) and Godwin and Lee (2017)
observed that engineering identity is stronger in general among
upper-division students than among lower-division students. Although
this difference has not been consistently observed (Prybutok et al.
2016), this inconsistency may be attributed to the employment of dis-
similar theoretical frameworks and definitions of identity. Future
qualitative research should continue to explore what students mean
by engineering identity, regardless of the framework.

Given that the results in Table 5 also indicate that grade level
may affect engineering identity—in this case, with the average se-
nior demonstrating higher private regard than the average junior—
future research should explore the intersection of grade level and
gender. Despite this study not being longitudinal, nor having the
goal of tracking year-specific engineering identity development,
the analysis contributes to the body of literature that suggests that
the university years influence the development of engineering
identity, particularly among cis women, and the overall positioning
of students entering the profession.

Engineering Identity Differs across Gender, Except in
the Way of Public Regard

In response to the second research question, the results in Table 5
also specify how engineering identity differs across gender. Unlike
the other three constituents of engineering identity, the lack of stat-
istical significance of the public regard regression coefficient may
suggest that upper-division cis women and cis men do not differ
meaningfully in how they believe others view engineers. This result
may suggest that the external messages from the engineering pro-
grams and broader university of who engineers are and how they
are treated [e.g., rigid curricula, noble mission statements, and spe-
cial t-shirts (Godfrey 2001)] are being interpreted similarly across
gender. However, the internalization of these messages appears to
be different across gender. Table 5 suggests that cis women more
strongly define themselves as engineers (centrality), are surer of
their place among fellow engineers (group identification), and feel
a greater positivity about engineers (private regard). These results
are as expected, given that in general for women in STEM high
self-confidence (centrality) and a sense of community (group iden-
tification) can help them persist (Settles et al. 2016; Seymour
1997).

Examining existing literature on women in male-dominated
environments further assists in understanding some of the potential
reasons for this gender-specific internalization of engineering iden-
tity. For female engineers, personal and professional identities are
often in tension, with gender at the interface of this conflict (Powell
et al. 2009; Settles et al. 2016). To gain entry into and acceptance
within male-dominated environments, women often must act like
men (Bennett et al. 1999). This assimilation, although reinforcing
the dominance of the majority (male) group, is arguably a process
of professionalization (Powell et al. 2009). During the undergradu-
ate years, Dryburgh (1999) contended that engineering students
assimilate into the professional culture by internalizing the pro-
fessional identity and showing solidarity with other engineers
(Faulkner 2006). Those engineering students unable to assimilate
and conform to culturally accepted norms and values, just as for
women in male-dominated environments at large, leave engineer-
ing programs early (Dryburgh 1999). The data here suggest that cis
women are more cognizant than cis men of these social pressures to
conform to the norms of the professional culture because of their
existent deviation from a more pervasive norm. That is, under-
graduate engineering cis women may internalize the positive public
perspective of engineering (largely shaped by the university) more
than cis men as a mechanism for handling disapproval within the

engineering community resulting from their violation of social
gender norms.

The stronger self-concept of cis women may also be aided by
their higher self-clarity. Within the field of psychology, women
are generally regarded as having higher self-consciousness
(Csank and Conway 2004). A stronger self-concept may arise
for undergraduate cis women because of their relatively height-
ened ability to evaluate the overlap between self and the typical
engineer. The survey is effectively designed to engage students in
this process of evaluation. This process has been referred to as
self-to-prototype matching, with the prototype here being a single
engineer that a student believes is representative of the profession.
In their study of STEM high school students, Hannover and
Kessels (2004) found that the smaller the discrepancy between
a student’s perception of the prototypical STEM student and a
student’s self-image, the stronger the affinity for a STEM subject.
With a heightened self-awareness and an awareness of the social
pressure to conform, cis women may develop a protective level of
identification with engineering as a subject, as a profession, and as
an identity.

Opportunity: Junior-Year Curriculum

Although acknowledging the limited comparison with the Chachra
et al. (2008) study previously mentioned and the recommendation
for a longitudinal study, the authors explore the potential intervention
opportunity at the transition between the lower- and upper-division
grade levels. The contrast between the ungendered engineering iden-
tity among lower-division students and gendered identity among
upper-division students may indicate an important turning point
for engineering students. Introductory coursework for lower-division
students seeking degrees in engineering has been associated with
limiting diversity (Mervis 2011). Within many public universities,
for those engineering students who have survived the introductory
courses, junior year marks the beginning of discipline-specific study,
which can foster senses of comradery and commitment to engineer-
ing (Dryburgh 1999). Focused curricula beginning in junior year
could be beneficial for augmenting and sustaining cis women’s
strong identity through their undergraduate years and into their
careers. There is evidence suggesting that context in engineering
education curricula affects the development of engineering identity
(Jamison et al. 2015) and that context can be differentially important
to women (Kilgore et al. 2007). Ongoing research to improve
women’s retention in engineering programs is seeking to discover
the impact of humanitarian engineering context in the engineering
classroom [e.g., Cech (2014) has discussed fostering more socially
conscious engineers].

Opportunity: Deployment of Survey

As an evocative analogy, McIlwee and Robinson (1992) likened
engineering programs to gatekeepers for the profession. They em-
phasized that faculty members decide the curricula required to learn
what engineers are expected to know and also weed out students
unfit for the profession. Given the substantial role of engineering
faculty in the development of future engineers, the authors recom-
mend that the survey be used benevolently to promote diversity and
to help faculty encourage more upper-division students to believe
that they are prepared and fit for the profession. The authors rec-
ognize the difficulty of finding faculty dedicated to supporting
undergraduates, particularly among faculty representing histori-
cally excluded identities who can be overburdened by service op-
portunities. Acknowledging this limitation, as well as the potential
danger of discrimination against low-scoring students if these data
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are shared with ill-intentioned authority, the authors recommend
that students have the option of anonymizing their survey prior
to it being shared. This survey tool could be utilized to identify
students with relatively lower engineering identity for proactive ad-
vising and mentorship (Besterfield-Sacre et al. 1997). Students
could take the survey anonymously, find out their score, and then
decide if they want to seek help if they felt their score reflected that
need. In this way, students are provided more protection, privacy,
and at the very least, the opportunity for self-reflection if their
scores are never shared.

Limitations

The authors recognize the importance of considering the multiple
intersecting identities of students (Crenshaw 1989), given that
these identities modify one another and shape experience (Li et al.
2009). No social group is homogeneous (Stewart and McDermott
2004), and gender is a multiple and dynamic rather than singular
issue. The authors had collected participants’ demographic infor-
mation to help understand the experiences of participants with in-
tersectional identities; however, due to the small sample sizes of
students with multiple historically excluded identities, the authors
were unable to statistically account for intersectionality in this
study. The authors recommend addressing this limitation and
extending this paper by collecting additional data on students’ ex-
periences via qualitative methods. In addition, conducting a lon-
gitudinal study with this survey could help better explore the
intersection of grade level and gender for improving understand-
ing of the development of engineering identity during each of the
undergraduate years.

Two limitations arising from the study design include sample
bias and restrictions inherent to surveys. This study includes
11 large public universities, six of which are land-grant state uni-
versities, which is the type of academic institution offering engi-
neering most widely (Riley 2008). It is unclear how university
type may affect the engineering identity of cis women in particular
(i.e., the direction of the bias), but the authors’ ongoing research
on engineering identity within a small private institution may help
understand the effect. Furthermore, the authors recognize that
although the time-efficiency of the survey promotes ease of de-
ployment, it also restricts the amount of information collected.
Although this survey takes a snapshot of students’ current states,
which is useful for targeting more immediate interventions, sup-
plemental qualitative methods would provide a more comprehen-
sive look at students’ ongoing (Hannover and Kessels 2004)
identity development.

Conclusion

The objective of this paper was to evaluate the role of gender as it
relates to the extent of upper-division undergraduate students’ self-
identification with engineering. Professional persistence is linked
to engineering identity, particularly for women, and lack of iden-
tification with engineering motivates women to leave the discipline.
The long-term health of the construction industry depends upon
continued efforts to understand the attrition of historically excluded
student groups from engineering programs because these under-
graduate years are critical for fostering professional identities
and retention in the field. Indeed, for women in the construction
industry, earning a college degree has been found to significantly
influence their satisfaction in their current employers and their
long-term commitment to the industry (Malone and Issa 2013;
Naoum et al. 2020).

Beyond Graduation: Women’s Transition to and
Retention in the Engineering-Construction Industry

With consistency, upper-division cis women more strongly define
themselves as engineers, are surer of their place among fellow
engineers, and feel a greater positivity about engineers compared
with upper-division cis men. By deconstructing engineering iden-
tity in this way, the results permit deeper examination of the
gender-specific composition of engineering identity and closer
linking of retention with identity. Illustratively, the association be-
tween a sense of belonging and engineering identity among under-
graduate cis women in this study is akin to the link between
coworker relationships and retention of women in construction ca-
reers (Malone and Issa 2013; Perrenoud et al. 2020). Similarly, for
female engineering students, reducing social marginalization
among both males and other females has been cited to positively
affect achievement and confidence in their ability to succeed in the
field (Walton et al. 2015). These senses of belonging may be highly
protective components of engineering identity: women may more
deeply internalize and fit into engineering to help withstand disap-
proval due to their violation of gender norms. This deeper internali-
zation of engineering identity, supported by Faulkner (2007), can
be extensive and take a good deal of effort for women in the male-
dominated industry. The amount of effort undergraduate women
need to feel that they fit into engineering may drastically increase
upon graduation, and this stark difference may be contributing to
poor retention in the profession (Fouad et al. 2011).

Although cis women may have strong engineering identities
during the final 2 years of their undergraduate career, the incongru-
ities between themselves and the image of the industry may con-
tribute to their departure from the profession shortly upon their
arrival (Amaratunga et al. 2006). For example, the public’s regard
of the construction industry may be unexpectedly less enthusiastic
compared with the perspective conveyed by the university, which
may complicate the protective internalization process for cis
women. Cis women’s identity formation during their undergraduate
is undoubtedly influenced by the oft-liberal ideology of the univer-
sity setting (Linvill and Havice 2011), and the university years may
offer a unique period during which students can imagine many def-
initions of self, a climate which would change their experience of
gender norms and pressures surrounding engineering. Strong
university-shaped engineering identities, combined with targeted
recruitment, may attract women to the industry (Dainty et al.
2000); however, for recently graduated professionals, the amplified
daily difficulties of working in a male-dominated environment may
be sufficiently disillusioning such that women in the construction
industry aged 18–24 express greater interest to leave than women
aged 25–54 (Morello et al. 2018).

Internship experience for cis women after their junior year, par-
ticularly in firms with women in leadership, might help prepare
them for the transition from academia to industry (Godfrey et al.
2010; Menches and Abraham 2007) by providing active personal
experience of the culture, exposure to the roles they will encounter
as future professionals, and a long-term vision of success for
women in the industry. Although further research is needed to con-
firm engineering identity persistence upon graduation, this study
still informs the retention efforts in undergraduate engineering pro-
grams for the improvement of the industry’s diversity.

Opportunities, in Sum

By using this theoretical framework and comparing with the find-
ings from Chachra et al. (2008), the authors were able to identify an
apparent transition between junior and senior years that may mark a
gendering of engineering identity. The confinement of the gendered
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difference in engineering identity to upper-division engineering
students may indicate a unique opportunity for targeting resources
and introducing context-rich curriculum to sustain the strong iden-
tity of the cis women who have persisted in engineering. Within
well-resourced and supportive departments, the survey could be de-
ployed as an efficient means of assessing consenting upper-division

students’ engineering identity to help target interventions to im-
prove retention of excluded identities. Future research could
employ the survey to explore the experiences of the students ex-
cluded from this analysis, how intersectional statuses influence en-
gineering identity (Tao and McNeely 2019), and how engineering
identity evolves postgraduation.

Appendix. Supplementary Tables

Twenty-nine Likert-scale survey items grouped by the four constructs of engineering identity (Chachra et al. 2008)

Abbreviated tag Full survey item Code Construct

Very little to doa Overall, being an engineering student has very little to do with how I feel about myself.a C1 Centrality
Part of self-image In general, being an engineering student is an important part of my self-image. C2
Destiny tied My destiny is tied to the destiny of other engineering students. C3
Unimportant to my sensea Being an engineering student is unimportant to my sense of what kind of person I am.a C4
Strong sense of belonging I have a strong sense of belonging to the engineering student community. C5
Strong attachment I have a strong attachment to other engineering students. C6
Reflection of who I am Being an engineering student is an important reflection of who I am. C7
Not major factor in sociala Being an engineering student is not a major factor in my social relationships.a C8
Feel good about engineers I feel good about engineers. PrR1 Private regard
I am happy I am happy that I am going to be an engineer. PrR2
Major accomplishments I feel that engineers have made major accomplishments and advancements. PrR3
I often regreta I often regret that I am going to become an engineer.a PrR4
I am proud I am proud to be an engineer. PrR5
Valuable contributions I feel that the engineering community has made valuable contributions to this society. PrR6
Considered good Overall, engineers are considered good by others. PuR1 Public regard
Others respect In general, others respect engineers. PuR2
More ineffectivea Most people consider engineers, on average, to be more ineffective than other professionals.a PuR3
Not respected by societya Engineers are not respected by the broader society.a PuR4
Viewed in positive manner In general, other professionals view engineers in a positive manner. PuR5
Viewed as asset Society views engineers as an asset. PuR6
I identify I identify with engineering students. GI1 Group ID
Glad to belong I am glad to belong to a group of engineering students. GI2
Held backa I feel held back by engineering students.a GI3
Work well together I think engineering students work well together. GI4
Important part on campus I see myself as an important part of engineering students on campus. GI5
Fit in well I fit in well with the other engineering students. GI6
Not importanta I consider engineering students to not be important.a GI7
Feel uneasya I feel uneasy with other engineering students.a GI8
Feel strong ties I feel strong ties to engineering students. GI9
aThese items had reversed scoring.

CFA model-implied correlation matrix

Construct Centrality Private regard Public regard Group ID

Centrality 1.00 — — —
Private regard 0.60 1.00 — —
Public regard 0.26 0.41 1.00 —
Group ID 0.62 0.67 0.39 1.00

Data Availability Statement

All data, models, and code that support the findings of this study
are available from the corresponding author upon reasonable re-
quest, including the anonymized survey data, the structural model,
and the R code for data cleaning and analysis.
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