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Abstract: Women’s participation in engineering remains well below that of men at all degree levels.
However, despite the low enrollment of women in engineering as a whole, some engineering
disciplines report above average female enrollment. We used multiple linear regression to examine
the attitudes, beliefs, career outcome expectations, and career choice of first-year female engineering
students enrolled in below average, average, and above average female representation disciplines in
engineering. Our work begins to understand how the socially constructed masculine cultural norms
of engineering may attract women differentially into specific engineering disciplines. This study used
future time perspective, psychological personality traits, grit, various measures of STEM identities,
and items related to career outcome expectations as theoretical frameworks. The results of this study
indicate that women who are interested in engineering disciplines with different representations of
women (i.e., more or less male-dominated) have significantly different attitudes and beliefs, career
goals, and career plans. This study provides information about the perceptions that women may
have and attitudes that they bring with them into particular engineering pathways.

Keywords: engineering disciplinary differences; masculine social norms; women in engineering

1. Introduction

To progress as a nation, maintaining an economy that thrives from productivity, creativity,
and entrepreneurship and to preserve the scientific and engineering leadership “the United States
must aggressively pursue the innovative capacity of all of its people (National Academies Committee
on Science, Engineering and Public Policy 2007, p. 3; President’s Council of Advisors on Science
and Technology 2012). Since the 1990s, women have earned nearly 57% of all bachelor’s degrees;
however, participation in certain fields, i.e., engineering, has remained low compared to men (National
Center for Education Statistics 2015). While there has been a steady increase in the number of women
participating in engineering fields in the past 20 years, “women’s participation remains well below
that of men at all degree levels and in all fine fields of engineering” (National Center for Education
Statistics 2015, p. 6).

In the past two decades, the percentage of women earning bachelor’s degrees in engineering
has not dramatically changed; this number has remained around 20% (Yoder 2015). However,
the representation of women among specific engineering disciplines varies from almost parity
(49.7% women in environmental engineering) to percentages well under the national average
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(10.0% women in construction management engineering; (Yoder 2015)). In this paper, we extend
previous results by focusing on how women’s attitudes may attract women differentially to specific
engineering disciplines. By treating engineering not as a monolith, but as a field with multiple
disciplines, we can better understand the characteristics of women who are drawn to engineering
disciplines with higher and lower representation of women. Understanding the types of women
who may choose more or less male-dominated engineering disciplines may provide ways to attract
and retain more women into the engineering profession and address the significant concern of
gender representation.

1.1. Cultural Norms of Engineering

Engineering has historically been highlighted as a male dominated field, whereas women in the
engineering field have been perceived as invaders (Bix 2004; Slaton 2015). Masculinity as a dominating
feature of engineering has been documented in numerous publications. This norm of engineering
is socially constructed and communicated by the dominant group, namely men. Some norms are
explicit and easy to identify, while others are more implicit (Cialdini and Trost 1998). Social norm
theory has been extensively used in psychology, behavioral health, and counseling to explain the
efficacy of perceptions (or misperceptions) about the behavior of individuals in social settings
(Perkins and Berkowitz 1986). We use social norm theory to understand how women who choose
engineering disciplines with above and below average female representation may have different
characteristics explained by the disciplinary differences in engineering.

Social norms have been characterized as both personality and cognitive traits (Cejka and Eagly 1999),
and a summary of these traits is shown in Table 1. An examination of the dimensions, masculine
personality and masculine cognitive, revealed that individuals believed that both masculine
personality and cognitive attributes were most important for success in male-dominated occupations,
like engineering. Raters also perceived male-dominated occupations to have higher earning potentials
and to be more prestigious than other occupations. Whether these perceptions are true or not,
the perception of occupations may be more important to how students, especially women, choose
male-dominated disciplines in their respective university.

Table 1. Description of Masculine Dimensions (Cejka and Eagly 1999).

Dimension Attributes

Masculine Personality

Competitive
Daring

Unexcitable
Dominant

Adventurous
Stands up under pressure

Aggressive
Courageous

Masculine Cognitive

Analytical
Mathematical

Good with numbers
Exact

Good at reasoning
Good at abstractions

Good at problem solving
Quantitatively skilled

Engineering is a prototypical example of a male-dominated discipline that conforms to social
norms of masculinity (Akpanudo et al. 2017). Engineering has been historically framed as a profession
that excluded the participation of women, promoted dominant images of masculinity to attract men
into the profession, and became an occupation well suited for “proving manhood” (Frehill 2004, p. 2).
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Further evidence that the culture of engineering reinforces masculinity is seen when referring to
mathematics as a “hard” skill and interpersonal skills as “soft.” “Hard” skills are “connected to
intellectual rigor as well as masculinity and virility, while “soft” skills are less important, and related
to weakness and impotence” (de Pillis and de Pillis 2008, p. 36). This construction of engineering as
for men has persisted in the culture of engineering classrooms (Faulkner 2000, 2007; Tonso 2006) and
workplaces (Collinson 1998; Faulkner 2009) to date. Compared to other STEM disciplines that have
reached gender parity, including biology, chemistry, and mathematics, engineering trails woefully
behind with only 20% of bachelor’s degrees awarded to women. This statistic has remained stagnant
for the past two decades (Snyder et al. 2016).

1.2. Climate of Engineering

Many studies have documented the various factors that contribute to the low representation of
women in engineering. For example, the climate of engineering programs, shaped by social norms,
often affects students’ perceptions of inclusivity and feelings of being supported and accepted. Several
studies have found that women were more likely to feel a lack of belonging than men (Seymour and
Hewitt 1997; Geisinger and Raman 2013; Camacho et al. 2010; Smith et al. 2012). The ethnographic
work of Tonso (2007) revealed the identity ascribed to engineering students, on campus, “served as
a constant reminder of who belonged and who did not” (p. 250). In her study, students’ mechanisms
of belonging emerged in the form of labels used to identify engineers as ‘Nerds’ (design engineers),
‘Academic Achievers’ (best performance in core curriculum concepts), and ‘Greeks’ (social-achievers,
concerned more with campus activities), women, despite performing well in their classes were often
only recognized as Greeks, whereas “women student engineers who should have belonged among the
Nerds became identified as [just] women” (Tonso 2007, p. 254). Being “highly visible as women yet
invisible as engineers” is described by Faulkner (2013) as the in/visibility paradox (p. 172), which serves
to highlight women as other in this male-dominated discipline.

Studies have typically focused on women’s perceptions of engineering, treating engineering
as a monolith rather than understanding the climate among the different disciplines. In most work
focusing on engineering there is often an implicit assumption that the climate of engineering is
homogenous among all disciplines. While few studies focus on understanding the climate of each
individual engineering disciplines for women, a study by Brawner et al. (2012) sought to understand
why women were more drawn to industrial engineering over other engineering majors. Brawner
and colleagues found that the resources afforded to women in industrial engineering programs were
“warmth of the faculty, sociability within the department, and good job prospects . . . the major is
inviting and the coursework provides flexibility” (Brawner et al. 2012, p. 312). Similarly, another
study by Foor and Walden (2009) found that the popular narrative around industrial engineering
positions this discipline as having feminine qualities and thus “legitimizes [industrial engineering]
as an appropriate and gender-authentic place for women to occupy” (p. 47). In an earlier study,
Godfrey (2007) affirmed that engineering disciplines with a higher female representation subsequently
helped develop an engineering culture that attracts more women. Other studies looking at gender
differences in engineering found that women often positioned themselves as non-feminine and were
reluctant to position their experiences as women in predominantly male fields (Jorgenson 2002).
Jorgenson (2002) found that some women were eager to separate themselves from “ordinary” women,
believing engineering is a “gender-neutral territory,” and were in opposition to women in engineering
organizations. These accounts of dismissing or rejecting female identities were “strategies widely
observed among female scientists and engineers to disqualify their femininity by muting their visibility
as women” (Jorgenson 2002, p. 370). The behaviors women engineers adopt of downplaying their
gender identity is consistent with other studies related to gender and engineering identity (Du 2006;
Phipps 2002). Henwood (1996) reiterates that the problem of engineering and “other areas defined as
‘men’s work’ [e.g., physics] need[s] to be understood within a much broader context of gender and
work which examines how gender is constructed through work and by what mechanisms gender
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inequality is maintained” (p. 212). In this paper, we examine women’s attitudes across engineering
disciplines to understand how the perceptions and social norms within engineering disciplines may
attract women differentially and begin to explain the major female enrollment discrepancies among
different engineering fields.

2. Project Overview

We hypothesize that the experiences of women in engineering are not the same across all
engineering disciplines. Despite the low enrollment of women in engineering as a whole, some
engineering disciplines report above average female enrollment. For example, environmental,
biomedical, agriculture and biological, chemical, and industrial engineering award 49.7%, 40.9%,
34.4%, 32.4%, and 29.7% of bachelor’s degrees to women, respectively. Other engineering disciplines,
such as electrical (12.5%), mechanical (13.2%), and aerospace (14.2%) engineering lag behind the
overall average (19.9%) (Yoder 2015). We acknowledge that all of these percentages are well under the
number of women enrolling in higher education nationally, thus classifying engineering overall as
male-dominated (Snyder et al. 2016).

Despite the problem of underrepresentation of females in engineering, differences by gender
in terms of disciplinary degree enrollment is an understudied phenomenon. Some studies have
examined disciplinary differences (Ben-Shem and Avi-Itzhak 1991; Izraeli et al. 1979; Potvin et al. 2013;
Godwin and Potvin 2013) or gender differences within particular disciplines (Godwin et al. 2018;
Lord et al. 2011), but few systematically examine gender differences by engineering discipline
(see Hartman and Hartman 2009). Engineering, most often, is treated as a monolith. This study
is unique in examining engineering disciplinary differences using various attitudinal constructs, career
outcome expectations, and career aspirations. Also unique to this manuscript is in characterizing the
varying degrees of female representation in engineering disciplines as below average, average, and
above average representation with respect to the 19% overall national average of female enrollment
in engineering.

3. Research Questions

Our work examines attitudes and beliefs of first-year, undergraduate female engineering students
who are interested in degree pathways in below average, average, and above average female
representation disciplines in engineering. This study begins to understand how masculine attitudes
may attract more or less women into particular engineering fields. Our participants have not yet
been fully immersed in their chosen engineering disciplines, thus their incoming attitudes and beliefs
are not yet shaped by their participation in engineering culture. This study is an initial examination
of the differences that exist among women who have not yet transitioned out of general first-year
engineering programs into their respective engineering disciplines.

RQ1. What are the differences in attitudes and beliefs for first-year, undergraduate women in engineering
disciplines that have above average, average, and below average female representation?

RQ2. What are differences in career outcome expectations for first-year, undergraduate women in
engineering disciplines that have above average, average, and below average female representation?

RQ3. What are differences in career aspirations for first-year, undergraduate women in engineering
disciplines that have above average, average, and below average female representation?

We hypothesize that women in the above average female representation group will have
significantly different and more traditionally feminine attitudes, beliefs, career outcome expectations,
and career aspirations than their peers (e.g., higher agreeableness, a personality trait; stronger desire
to help others, a career outcome expectation; and a higher interest in careers in health or non-profit
sectors, a career aspiration). Conversely, we hypothesize that women in the below-average female
representation group will have significantly different and more traditionally masculine attitudes,
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beliefs, career outcome expectations, and career aspirations than their peers (e.g., higher physics and
engineering identities; stronger desire for making money, a career outcome expectation; and more
interest in entrepreneurship or engineering industry as career aspirations). Lastly, we hypothesize that
women in the average female representation group will have a mixture of feminine and masculine
attitudes, beliefs, career outcome expectations, and career aspirations. For example, we hypothesize
that women in the average female representation group will be equally likely to have career outcome
expectations of making money and helping others.

4. Theoretical Frameworks

The theoretical frameworks used in this study consist of future time perspective (a motivation
framework modified for use in engineering), “Big 5” psychological personality traits (i.e., extraversion,
agreeableness, conscientiousness, neuroticism, and openness), grit, various measures of STEM
identities, and items related to career outcome expectations. Each of these frameworks have a rich, often
unconnected history in education, psychology, and engineering education studies. Below, we discuss
each of these frameworks separately to provide a picture of how they have been operationalized in
prior literature and in this study.

4.1. Future Time Perspective

Future time perspective (FTP) relates to an individuals’ perception of time as a psychological
phenomenon, where time perspective “considers the present situation, includes the future, present and
also the past” which leads to a “motivational goal-setting processes” (Husman and Lens 1999, p. 114).
FTP consists of three dimensions (1) time orientation, orientation towards the past or future,
(2) instrumentality, perceptions of the usefulness of a task in relation to their desired future or goals,
and (3) perception of time, an individuals’ view that time can help improve or make things better
(Husman and Lens 1999; Husman and Shell 2008; Kirn and Benson 2018). A study of engineering
students found that those who had a more positive outlook on their long-term goals were more
likely to persist in engineering and problem-solving tasks (Benson et al. 2017; Kirn and Benson 2018).
Husman and Lens (1999) found that students whose time orientation is placed more towards the
future are more likely to continue working on tasks than students who are more oriented towards
the present.

4.2. Psychological Personality Traits

The Big Five taxonomy of personality traits of extraversion, agreeableness, conscientiousness,
neuroticism, and openness are considered a “common human structure of personality”
(McCrae and Costa 1997, p. 515). Scholars have used the Big Five taxonomy to understand academic
motivation, academic achievement, and goal orientation (Komarraju et al. 2011; Komarraju et al.
2009; Sorić et al. 2017; Ross et al. 2003). For this study, we will focus only on two personality traits,
agreeableness and conscientiousness, as they were found to be significant in differentiating between
attitudinal characteristics of engineering students (Kirn et al. 2016). Agreeableness is a personality
trait that describes an individual’s interpersonal relationship with others. Agreeableness is strongly
connected to empathy and volunteering to help others, and is positively related to cooperativeness,
among other traits (Graziano and Tobin 2009). Conscientiousness is defined as “individual differences
in the propensity to follow socially prescribed norms . . . to be goal directed, to plan, and to be able to
delay gratification” (Roberts et al. 2009, p. 369). Both conscientiousness and agreeableness have been
found to be positively linked to mastery-approach goals (McCabe et al. 2013), where an individual
with mastery-approach is more likely to be intrinsically motivated to learn, believes competence
can develop over time, and uses learning strategies that foster comprehension (Elliot and McGregor
2001). In a meta-analysis, conscientiousness was found to be a significant positive predictor of
job performance, academic performance, and academic retention, whereas agreeableness was not
a significant predictor (Trapmann et al. 2007).
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4.3. Grit

Grit is defined as the perseverance and passion for long-term goals, research studies have found
that this personality trait predicts success over and beyond mental abilities, through grade point
average and scholastic aptitude test (SAT) scores, and conscientiousness (Duckworth et al. 2007).
An individual is said to possess grit when they “work strenuously towards challenges, maintaining
effort and interest over years despite failure, adversity, and plateaus in progress” (Duckworth et al.
2007, p. 1087). Duckworth et al. (2007) (Duckworth and Quinn 2009) found that gritty individuals
have higher levels of education, had fewer career changes, and earned a higher GPA (despite having
lower SAT scores) than their less gritty counterparts. In a study of West Point Cadets, grit was
found to be a better predictor of first summer retention than measures of compared to a Whole
Candidate Score, where this score consists of “weighted composite of high school rank, SAT score,
participation in extracurricular activities and a standardized physical exercise evaluation” (Duckworth
and Quinn 2009, pp. 170–71). Another study of first-year engineering students showed that women
had higher measures of grit when compared to men (Jaeger et al. 2010). Similarly, another study
focused on first-year engineering students found that perseverance of effort, a construct within grit,
was a significant predictor of one- and two-year engineering retention, while controlling for overall
grade in mathematics (Choi et al. 2017). Challenging the perception that grit is a stand-alone trait,
i.e., some students have it while others do not, a study by Verdín et al. (2018) found that grit can be
fostered by seeing oneself as an engineer and feeling as though one belongs in engineering.

4.4. STEM Identities

Learning is a “process of coming to be, of forging identities in activity in the world. In short,
learners are never only that, but are becoming certain sorts of subjects with certain ways of
participating in the world” (Lave 1992, p. 3). As students participate in their STEM classes,
they are enacting identities or ways of being in the science and/or engineering community. Identity,
in the education literature, has been defined as “being recognized as a certain ‘kind of person,’
in a given context” (Gee 2001, p. 99). Borrowing from the work of Gee (2001) scholars in science
education (Johnson et al. 2011; Carlone and Johnson 2007; Brickhouse et al. 2000), physics education
(Potvin and Hazari 2013; Hazari et al. 2010), and engineering education (Godwin 2016; Godwin et al.
2016) used his notion of identity to create measures of subject-related role identities. Subject-related
role identity entails “the authoring of one’s self” within the engineering, physics, and/or mathematics
context and is a process that is “continually evolving [and] self-reflexive” (Godwin et al. 2016, p. 314).
An individual cannot be recognized as a certain kind of person unless he/she makes visible (performs)
their competence in STEM domains (Carlone and Johnson 2007). The authoring of one’s self within the
engineering, physics, and mathematics context is done through three interrelated constructs: interest,
recognition, and performance/competence. Where interest is the desire to learn and understand STEM
content, recognition entails seeing oneself and being seen by others as the kind of person that can do
STEM, and performance/competence is the belief in one’s ability to perform required STEM tasks or
processes (Hazari et al. 2010). In this study, the term “STEM identities” is used to holistically represent
mathematics identity, physics identity, and engineering identity. Prior modeling work has proven that
the use of interest, recognition, and performance/competence constructs validly measure mathematics
(Cribbs et al. 2015), physics (Potvin and Hazari 2013), and engineering identities (Godwin et al. 2013;
Godwin 2016) for first-year university students and first-year engineering students, specifically.

4.5. Career Outcome Expectations

Bandura (1986) stated that “outcome expectations are derived from observed or experienced
consequences and may provide a source of motivation for observational learning” (p. 76). Career
outcome expectations stem from social career theory. They are beliefs regarding the results of various
courses of action (Lent et al. 2003). They reflect future outcomes that students desire for a particular
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career choice (Lent et al. 2000). Social cognitive theory posits that outcome expectations, mediated
by self-efficacy, affect interest (Lent et al. 1994, 2002). To explain how students make career-related
decisions, Lent et al. (1994, 2002) connected Bandura’s theory of self-efficacy and outcome expectations
to interest, goals, and actions. In this work, we use career outcome expectations that have been shown
to be particularly important for engineers (Potvin et al. 2013; Verdín and Godwin 2018).

5. Methods

The data used in this analysis were collected in Fall 2015 at four public institutions in different
regions of the United States. This study was part of a larger mixed methods project (Kirn et al. 2016;
Benson et al. 2017). The target population was first-year engineering students, who were invited to
complete a survey during the first two weeks of classes. The survey was administered via paper format
to ensure high response rates, and responses were digitized for further analysis. The survey consisted
of multiple survey items used to measure students’ attitudinal profiles including belongingness in
engineering, STEM identities (i.e., engineering, physics, and mathematics), “Big 5” personality traits,
motivation, and career interest, and demographic information as well as students’ career goals and
choice of engineering major. We asked students to indicate their interest in a comprehensive list of
engineering degrees.

From the overall student participants (n = 2916), 70% (nM = 2028) identified as male, 23% (nF = 675)
identified as female, and 7% (nD = 213) identified as a gender different from female or male. This study
focuses on the different attitudes, beliefs, and motivation among females interested in various
engineering disciplines; thus, the male students and students who identified with non-binary genders
removed from this analysis. The distribution of female participants from each institution is as follows:
Southwestern land grant n = 82 (12%), Southern land grant n = 278 (41%), Midwestern land grant
n = 240 (36%), and Hispanic Serving Institution n = 75 (11%). The race/ethnicity breakdown is 13%
Asian, 6% African American/Black, 10% Hispanic or Latina, 1% Native American or Alaska Native,
0.2% Native Hawaiian or other Pacific Islander, 0.8% Middle Eastern, 9% multiple race/ethnicities,
58% white, and 2% another race besides the listed choices (e.g., write in response).

The female representation of engineering disciplines (i.e., below average, average, and above
average representation) was determined using Yoder (2015) Engineering by Numbers report, which gives
the percentage of women awarded bachelor’s degrees in each discipline on a yearly basis. Construction
management engineering is the only discipline not reported in the Yoder (2015) report, thus the
percentage of women in this field was found through the Bureau of Labor Statistics (2018). We split the
data into thirds using the tercile cutoffs based on percentage of female enrollment in the engineering
discipline. The lower tercile indicated below average representation of female engineers, middle tercile
indicated average representation of female engineers, and upper tercile indicated above average
representation of female engineers. Figure 1 depicts the engineering disciplines along with the
percentage of female representation and the tercile divisions where the three groups were formed.
The disciplines have been abbreviated according to the legend in Table 2.

Table 2. Breakdown of Representation of Women in Engineering in the Sample.

Below Average Average Above Average

Construction
Management Engineering
Electrical Engineering
Mechanical Engineering
Aerospace Engineering
Information Technology

Nuclear Engineering
Computer Engineering
Engineering Physics
Other Engineering
Civil engineering
Materials Engineering

Industrial Engineering
Chemical Engineering
Biological and Agricultural
Engineering
Biomedical Engineering
Environmental Engineering

n = 221 n = 235 n = 425

Note: Participants were allowed to select multiple disciplines of interest; group sizes do not reflect the overall
women sample size.
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Figure 1. Percentage of Women in Engineering Disciplines in the 2014–2015 Academic Year (Yoder 2015).
Abbreviations are as follows: CME = Construction Management Engineering, EE = Electrical Engineering,
Aero = Aerospace/Aeronautical Engineering; IT = Information Technology; NE = Nuclear Engineering,
CompE = Computer Engineering; Eng. Phys. = Engineering Physics; CE = Civil Engineering, MatE =
Materials Engineering, IE = Industrial Engineering; ChemE = Chemical Engineering, Bio & Ag = Biological
and Agricultural Engineering; BME = Biomedical Engineering; EnvE = Environmental Engineering.

After selecting which disciplines were considered below average, average, or above average
female representation, we used this categorization to drive how we grouped our participants.
The below average, average, and above average female representation groups were created using
participants’ indicated level of interest for each engineering discipline, which are listed in Table 2 with
abbreviations. Level of interest was rated using a seven-point anchored numeric scale of 0 = “Not at
all interested” to 6 = “Extremely interested.” Participants who rated having an interest in construction
management engineering, electrical engineering, mechanical engineering, and aerospace engineering,
and information technology greater than or equal to 4 and did not indicate greater interest in other
disciplines were grouped as below average female representation. Participants who rated having
an interest in nuclear engineering, computer engineering, engineering physics, other engineering,
civil engineering, and materials engineering greater than or equal to 4 and did not indicate greater
interest in other disciplines were grouped as average female representation. Lastly, participants who
indicated having an interest in industrial engineering, chemical engineering, biological and agricultural
engineering, biomedical engineering, and environmental engineering greater than or equal to 4 and did
not indicate greater interest in other disciplines were grouped as above average female representation.

Participants may belong to one or more group given that students were free to choose any and all
engineering disciplines that interested them. This method was chosen to account for the fact that three
out of the four institutions had a general first-year engineering program in which all students enroll in
common classes. The Hispanic Serving Institution in our sample did not have a common first-year
engineering program, thus 11% of our sample size had declared majors. A first-year engineering
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program admits all students to engineering in general rather than a specific discipline. Students
still entered each university with disciplines of particular interest, which can be simultaneously
compared in our methodological approach (as described below). Our approach to categorizing student
interest by degree pathway has been used in prior studies of student pathways (Godwin et al. 2016,
2018; Godwin et al. 2013; Cass et al. 2011). The distribution of female participants per grouping is
as follows: 221 (33%) participants for below average female representation, 235 (35%) for average
female representation, and 425 (62%) for above average female representation. Table 2 outlines which
engineering disciplines fall into the terciles of below average, average, and above average female
representation in engineering disciplines and the sample sizes of women in these disciplines.

To answer the research questions, separate multiple linear regressions were used to examine how
women’s attitudes, career outcome expectations, and career aspirations were predicted by being in
a below average, average, and above average female representation group. The method of analysis was
selected to understand the relationship between the outcome variables (i.e., attitudes, beliefs, career
outcome expectation, and career aspirations) among engineering disciplines that have above-average,
average, and below-average female representation. The choice of multiple regression allowed us to
control for membership in each group while estimating the effect of each group membership on the
attitudinal outcomes. A composite score for each construct was calculated by averaging each student’s
response for all individual predictor variables in this analysis. Statistical analyses were conducted in
the R programming language and statistical software system version 3.4.3 (R Core Team 2017).

5.1. Measurement Instruments

Below, we describe the different survey constructs used to measure the theoretical frameworks
explored in this study.

5.1.1. Future Time Perspective

Future Time Perspective was measured as five latent constructs: expectancy (belief one will do
well in their courses, five items); connectedness (tying current tasks to future goals, four items);
instrumentality (current tasks are useful for my emerging identity as an engineer, three items);
value (value of future goals over present goals, three items); and perceptions of future (domain specific
valuing of the future, four items). These items also demonstrated strong validity evidence across face,
content, and construct validity (Kirn and Benson 2018; Shell and Husman 2008). Students were asked
to respond to questions relating to their attitudes and beliefs about their experiences in their respective
first-year engineering courses, engineering major, and future using a rating score of 0 (Strongly
disagree) to 6 (Strongly agree). The Cronbach alpha estimates for the measures that were significant in
our study were α = 0.77 for instrumentality and α = 0.86 for perceptions of future, indicating good
construct reliability (see Tavakol and Dennick 2011).

5.1.2. Psychological Personality Traits

A reduced version of the Goldberg (1992) 50-item IPIP Big-Five personality factor was selected
for this study. Only 25 most reliable items were used from the Goldberg (1992) IPIP Big-Five
personality inventory. The personality factors refer to neuroticism, extraversion, openness to experience,
agreeableness, and conscientiousness; each of these factors had five items. Students were asked to
rate how accurately phrases pertaining to the personality traits described them as on a scale of
0 (Very inaccurately) to 6 (Very accurately). The Cronbach alpha estimate for the measures that
were significant in our study were α = 0.80 for agreeableness and α = 0.61 for conscientiousness,
indicating reliability.

5.1.3. Grit

The instrument for grit: persistence of effort and consistency of interest was borrowed from
Duckworth et al. (2007). Students were asked to rate, on a scale of 0 (Not at all like me) to 6 (Very much
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like me) how closely the items described them. The Cronbach alpha estimates were α = 0.68 for grit:
persistence of effort, and α = 0.79 for grit: consistency of interest, indicating reliability.

5.1.4. STEM Identities

The instrument for mathematics and physics identity was borrowed from the SaGE Survey (2011)
and the instrument for engineering identity was borrowed from Godwin (2016). Students were asked
to rate, on a scale of 0 (Strongly disagree) to 6 (Strongly agree) the extent to which they agree or disagree
with statements about their interest, recognition, and performance/competence beliefs in mathematics,
physics and engineering. The Cronbach alpha estimates for the measures that were significant in our
study were α = 0.89 for engineering interest, α = 0.90 for engineering performance/competence, α = 0.89
for physics interest, α = 0.90 for physics recognition, α = 0.92 for physics performance/competence, and
α = 0.91 for mathematics performance/competence. Composite scores were created for engineering,
physics, and mathematics identity using the three constructs, with Cronbach alpha values of α = 0.90
for engineering identity, α = 0.90 for physics identity and α = 0.94 for mathematics identity.

5.1.5. Career Outcome Expectations

The career-related outcome expectation items used in this analysis are borrowed from
Lent et al. (2003) and Potvin et al. (2013). Using a scale of 0 (Not at all) to 6 (Very much so), participants
were asked to rate how important the following factors were for their future career satisfaction:
making money, becoming well known, helping others, supervising others, working with people,
inventing/designing things, and developing new knowledge and skills. These items did not have
a factor structure; thus, each item was investigated separately and no construct reliability measures
(Cronbach alpha values) are reported.

5.1.6. Career Aspirations

The career aspirations list was developed by the research team based on common career
pathways after graduation for engineers. Using a scale of 0 (Not at all likely) to 6 (Extremely likely),
participants were asked to rate the currently likelihood of choosing a career in the following
fields: academia (higher education), engineering (industry), entrepreneurship/start a company,
government/policy, K-12 education, law, medicine/health, non-profit/non-government organization,
and other. These items are similar to the career outcome expectations in that they do not have a factor
structure. Each item was investigated separately, and no construct reliability measures are reported.

6. Results

First, assumptions of outliers, univariate and multivariate normality, and multicollinearity were
examined. Data were then examined for multivariate outliers using Mahalanobis distance. Based on
these metrics, 43 cases were removed from the analysis. Univariate normality was found to be within
acceptable range of skewness (within an absolute value of less than 2.0) and kurtosis (absolute value
of less than 7.0; (Muthen and Kaplan 1992; Curran et al. 1996)). Multivariate normality did not hold;
however, using ordinary least squares is sufficient for non-normality distributed data. The correlation
matrix of all predictor variables was examined to test for multicollinearity, analysis revealed no
variables were highly correlated, i.e., above 0.80. Similarly, the variance inflation factor (VIF) and
tolerance statistic was examined for indication of multicollinearity. VIF indicates whether there is
a high linear relationship with other predictor variables; Menard (1995) suggests values above 5 are
cause for concern. Tolerance statistic is the reciprocal of the VIF; Menard (1995) suggest values below
0.20 are cause for concern. The VIF values of all regression models ranged from 1.07 to 1.94. Tolerance
statistics ranged from 0.82 to 0.96. The collinearity statistics and diagnostics indicate no concern for
multicollinearity. We then tested the construct reliability of all the latent variables used in this analysis.
Only the measures that were significant in the analysis are reported. All measures used in this study
had construct reliability within the 0.70 to 0.95 range, indicating that the items are in fact closely related
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(Tavakol and Dennick 2011). The mean, standard deviation, and correlation matrix can be found online
for all variables used in this analysis (Supplementary Materials).

We then used multiple regressions to predict differences in women’s attitudes, beliefs, and career
goals based on membership the below average, average, and above average female representation
groups. Results for attitudes and beliefs are shown in Table 3, results for career outcome expectations
are shown in Table 4, and results for career aspirations are shown in Table 5.

6.1. Attitudinal Outcomes

We found results that are consistent with our hypotheses. Women in the below average female
representation group were significantly higher in self-reported measures closely related to masculine
social norms i.e., engineering identity (β = 0.12, p < 0.01), engineering interest (β = 0.17, p < 0.001),
engineering performance/competence (β = 0.11, p < 0.05), physics identity (β = 0.17, p < 0.001), interest
in physics (β = 0.19, p < 0.001), feeling recognized as a physics person (β = 0.13, p < 0.01), and physics
performance/competence (β = 0.12, p < 0.01).

Women in the above average female representation group demonstrated less stereotypical
masculine norms in that they were less likely to identify as a physics person (β = −0.09, p < 0.05),
and feel recognized by others as a physics person (β = −0.09, p < 0.01). Similarly, women in the above
average female representation group were significantly higher in a personality trait that are categorized
as more feminine, agreeableness (β = 0.18, p < 0.001).

Grit may be a gender-neutral personality trait as both women in the below average and above
average female representation groups demonstrated significantly high measures of grit: persistence of
effort (β = 0.11, p < 0.01) and (β = 0.09, p < 0.05), respectively.

Table 3. Standardized Estimates of Multiple Regression Analysis for Factors for Attitudinal Outcomes.

Predictor Variables Below Average Female
Representation

Average Female
Representation

Above Average Female
Representation

Instrumentality 0.08 −0.001 0.09 *
Perceptions of Future 0.12 ** −0.02 −0.02

Agreeableness 0.05 −0.03 0.18 ***
Conscientiousness −0.04 −0.06 −0.10 *

Grit: Persistence of Effort 0.11 ** −0.02 0.09 *
Grit: Consistency of Interest −0.11 * −0.02 −0.04

Engineering Identity 0.12 ** 0.02 0.02
Engineering Interest 0.17 *** 0.01 0.01

Engineering Performance/Competence 0.11 * 0.03 0.02
Physics Identity 0.17 *** 0.02 −0.09 *

Physics Recognition 0.19 *** 0.01 −0.07
Physics Performance/Competence 0.13 ** 0.05 −0.09 *

Mathematics Identity 0.12 ** 0.00 −0.05
Mathematics Performance/Competence 0.03 0.09 * −0.04

Note. * p < 0.05, ** p < 0.01, *** p < 0.001.

6.2. Career Outcome Expectations

In examining factors for future career satisfaction, as hypothesized, women in the below average
female representation group demonstrated significantly greater interest in outcomes perceived as
masculine traits, i.e., making money (β = 0.11, p < 0.05), becoming well known (β = 0.11, p < 0.05),
supervising others (β = 0.13, p < 0.01), and inventing/designing things (β = 0.09, p < 0.05).

We hypothesized that women in the above average female representation group were significantly
more interested in careers satisfaction outcomes aligned with feminine traits. Our results confirmed
that this group was more interested in helping others (β = 0.22, p < 0.001) and working with people
(β = 0.11, p < 0.05) career expectations that are perceived as more feminine.



Soc. Sci. 2018, 7, 44 12 of 25

Table 4. Standardized Estimates of Multiple Regression Analysis for Factors for Career Outcome Expectations.

Predictor Variables Below Average Female
Representation

Average Female
Representation

Above Average Female
Representation

Making money 0.11 * 0.07 −0.06
Becoming well known 0.11 * −0.03 0.01

Helping others 0.04 −0.03 0.22 ***
Supervising others 0.13 ** −0.02 0.08

Working with people 0.03 −0.03 0.11 *
Inventing/designing things 0.09 * −0.03 −0.07

Developing new knowledge and skills 0.06 −0.01 0.03

Note. * p < 0.05, ** p < 0.01, *** p < 0.001.

6.3. Career Aspirations

Lastly, we analyzed career choice for the women in each group. Women in the below average
female representation group and average female representation group were more likely to be interested
in an engineering industry career, (β = 0.08, p < 0.05) and (β = 0.01, p < 0.05) respectively, and starting
a company, (β = 0.12, p < 0.01) and (β = 0.10, p < 0.05) respectively, both career fields perceived as
masculine. Women in the below average and average female representation group were significantly
less likely to be interested in medicine/health careers (β = −0.15, p < 0.001) and (β = −0.08, p < 0.05),
respectively. This analysis confirms our hypothesis that women in the average female representation
group would have career aspirations that are both masculine and feminine.

Women in the above average female representation group were significantly less likely to be
interested in an engineering industry career (β = −0.14, p < 0.001) and more likely to be interested in
a medicine/health career (β = 0.12, p < 0.01), fields that are known to have more women. Women in the
above average female representation group were significantly more likely to be interested in a career
in nonprofit/non-governmental organization (β = 0.16, p < 0.001).

Table 5. Standardized Estimates of Multiple Regression Analysis for Career Aspirations in the Following.

Predictor Variables Below Average Female
Representation

Average Female
Representation

Above Average Female
Representation

Academia (Higher Education) 0.06 −0.02 0.07
Engineering (Industry) 0.08 * 0.01 * −0.14 ***

Entrepreneurship/Start a Company 0.12 ** 0.10 * −0.04
Government/Policy 0.04 0.05 0.02

K-12 Education −0.03 0.10 * 0.06
Law 0.11 * 0.04 0.13 **

Medicine/Health −0.15 *** −0.08 * 0.35 ***
Non-profit/Non-government organization 0.03 0.02 0.16 ***

Other 0.03 0.12 ** 0.07

Note. * p < 0.05, ** p < 0.01, *** p < 0.001.

7. Discussion

Our study conducted a broad examination of attitudes, beliefs, career outcome expectations,
and career aspirations of women grouped in engineering disciplines that have above average, average,
and below average female representation. Our discussion is broken down by theoretical constructs
to allow for a broad review of the literature in each space and a discussion of how each construct
may or may not be perceived as gendered. We hypothesized that women in the above average
female representation group would display attitudes, beliefs, career outcome expectations, and career
aspirations that were in line with feminine qualities, whereas the opposite would be true for women
in the below average female representation group. We also hypothesize that women in engineering
disciplines with average female representation would have a mixture of feminine and masculine
attitudes and beliefs. For each subsection, we discuss how our results coincide with masculine or
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feminine social norms, based on prior literature, and the implications this has on engineering disciplines
with below average and above average female representation.

7.1. Future Time Perspective

Future time perspective (FTP) is understood as the degree to which an individual’s awareness
of his/her future becomes integrated in the current way they set goals (Husman and Shell 2008).
Our literature review found no indication that future time perspective is more or less salient for
women than for men (gendered), nevertheless in our study, women in engineering disciplines with
below average female representation reported significantly higher measures of perceptions of future
(β = 0.12, p < 0.01). Individuals with high measures of FTP are able to “perceive their behavior as more
instrumental in achieving a broader range of both immediate and future goals” (McInerney 2004, p. 143).
FTP has been found to relate to one’s career decision-making self-efficacy (Walker and Tracey 2012),
where self-efficacy is the belief in one’s ability to achieve a desired goal or outcome (Bandura 1986).
Thus, women in the below average female representation group may be more confident in their
decision towards pursuing a career in in construction management engineering, electrical engineering,
mechanical engineering, and aerospace engineering, and information technology irrespective of
the lack of gender representation. Women in the above average female representation group were
significantly higher in self-reported measures of instrumentality (β = 0.09, p < 0.05), meaning they have
positive perceptions of how their present tasks will become useful for their future goals (Nelson et al. 2017).
Perhaps women in the above average female representation group have had more experiences
connecting courses they’ve taken throughout high school (e.g., biology or chemistry) to their future
careers. These results have implications for how women in these disciplines may persist and see their
engineering education as relevant to their future goals.

7.2. Psychological Personality Traits

Only two psychological personality traits, from the Big Five list, were examined, agreeableness and
conscientiousness. We found significant differences by interest in above average female-representation
disciplines and below average female-representation engineering disciplines as hypothesized. Women
in engineering disciplines with above average female representation were more likely to demonstrate
the agreeableness personality trait (β = 0.18, p < 0.001). Individuals high on agreeableness tend
to act cooperatively and demonstrate unselfish mannerisms (VandenBos 2007; Graziano and
Tobin 2009). Other characteristics of individuals high in this taxonomy include trustworthiness,
collaboration, service oriented, conflict resolution, modesty, tendermindedness, and compliance
(Pellegrino and Hilton 2012). Agreeableness has been positively associated with intrinsic motivation,
which is associated with behaviors that are “done out of pleasure or for the sake of enjoyment”
(Clark and Schroth 2010, p. 19). Studies have found that women tend to be higher on the agreeableness
personality trait (Costa et al. 2001; Schmitt et al. 2008). Our findings indicate that women in the above
average female representation group tend to endorse a personality trait that has been “correlated with
femininity and not with masculinity” (Stake and Eisele 2010, p. 28). Perhaps women that are higher
on agreeableness find that engineering fields with increased representation of women are compatible
with their personality trait.

Conversely, women in engineering disciplines with above average female representation were
less likely to demonstrate the conscientiousness personality trait (β = −0.10, p < 0.05), which implies
an individual has a “tendency to be organized, responsible, and hardworking” (Pellegrino and Hilton
2012, p. 4). Gender differences in conscientiousness in various studies have been small and scattered,
most concluding that virtually no differences between women and men exist (Costa et al. 2001;
Stake and Eisele 2010). A study of Dutch engineers found that when compared to the general Dutch
population, engineers were significantly more likely to be high on conscientiousness and less likely to be
agreeable, however the authors recommended that “engineers should try to learn to be more agreeable
in professional communication situations” (Van Der Molen et al. 2007, p. 499). We hypothesize that
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these results show differential factors for why women may be enrolling in engineering disciplines that
they perceive to fit their own ways of interacting in the world and endorse more socially acceptable
gender norms.

7.3. Grit

There has been continuous debate over achievement-focused measures (e.g., intelligence) and
an increase interest in non-cognitive traits such as grit (Duckworth et al. 2007; Shechtman et al. 2013).
Jaeger et al. (2010) posit that “in engineering, it is generally agreed that a baseline level of intellect,
perception and ingenuity should be combined with a sufficient amount of perseverance, or grit, in order
to succeed” (p. 1). While another study of first-year engineering students found that grit: persistence of
effort predicted one- and two-year retention beyond, mathematics grades (Choi et al. 2017). Our results
demonstrate that women in engineering disciplines with below average and above average female
representation were more likely to have the intrapersonal characteristic of grit: persistence of effort.
Our study shows that grit is present in students from certain engineering disciplines.

Grit has been connected to growth mindsets (Perkins-Gough 2013), where having a growth
mindset is believing in the capacity to cultivate and improve one’s abilities through continuous
practice and effort (Dweck 2006). Our prior work has found that grit: persistence of effort is fostered
through seeing oneself as the type of person that can do engineering (engineering identity) and
feelings of belonging in the engineering major and classroom (Verdín et al. 2018). Conversely, there was
a significantly negative association between women in the below average group and grit: consistency
of interest. Having a negative association with grit: consistency of interest pertains to having a lack
of maintained interest in ideas, topics, and goals over the long-term. Our finding calls into question
whether women interested in the fields of construction management engineering, electrical engineering,
mechanical engineering, and aerospace engineering, and information technology will remain interested
in these fields or are more likely to lose interest and do so quickly.

7.4. STEM Identities

Results demonstrate the significant differences in STEM identities for women in fields that have
a below average, average, and above average female representation. Women who rated being highly
interested in the below average female representation group (construction management engineering,
electrical engineering, mechanical engineering, and aerospace engineering, and information technology)
were the only group to identify as engineers (β = 0.12, p < 0.01). Subsequently, women in the below
average female representation group were significantly more likely to be interested in engineering
(β = 0.17, p < 0.001) and believe they can understand and perform well in engineering (β = 0.11,
p < 0.05). Both being interested in engineering and believing one can perform well and understand
concepts are critical components to seeing oneself as the type of person that can be an engineer (Godwin
2016; Godwin et al. 2016). The development of an engineering identity has important implications
for academic and personal development (Stevens et al. 2008, 2005), retention (Walden and Foor
2008; Godwin and Potvin 2015), persistence, especially for women (Jones et al. 2013), and the future
formation of a professional identity (Tonso 2006; Downey and Lucena 2003). Identifying as an engineer
is not simply acquiring the necessary skills or knowledge, it also involves changing the “type of
people we become and how someone understands him or herself in relation to a particular disciplinary
practice” (e.g., mechanical engineering or aerospace engineering; (Stevens et al. 2008, p. 357)). The act
of changing oneself to fit into the mold of engineering means that, especially for women, they must
negotiate who they are and subscribe to engineering social norms that were created through and for
a masculine image. Our results raise concerns about the type of engineering identity women in the
below average female representation group are implicitly or explicitly ascribing to. Often, students
are implicitly expected to choose between one aspect of who they are versus what it means to be an
engineer. Matusovich et al. (2010) affirm this notion by drawing awareness to a disconnect between
students’ personal identities (aspects of individuals that make them unique) and engineering identity
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and emphasizing the need for these types of identities to be associated throughout the students
engineering pathway. It is important to know who students are expected to be; enculturation into an
engineering community of practice often requires that educators understand how students associate
with, withdraw from, and/or negotiate the cultural norms of the community and their identities.

Lave and Wenger (1991) note that individuals seeking to develop their identity within
their community of practice begin this journey through peripheral participation. From the
“peripheral perspective, apprentices gradually assemble a general idea of what constitutes the
practice” (Lave and Wenger 1991, p. 95) and for many first-year engineering students their peripheral
participation to engineering are physics and mathematics courses in high school. Prior work has
found that a physics identity significantly predicts choice of an engineering major, regardless of
the engineering subfield (Godwin et al. 2016). Similarly, in a study that sought to understand
how pre-college science experiences affected interest in engineering, the study found that students
who were consistently interested in physics were more likely to remain interested in engineering
throughout middle school, high school and the beginning of college (Cass et al. 2011). Our findings
suggest that a physics identity is more salient among women in engineering disciplines with below
average female representation (β = 0.17, p < 0.001), whereas women in disciplines with above
average female representation i.e., industrial engineering, chemical engineering, biological and
agricultural engineering, biomedical engineering, environmental engineering, were less likely to
identify as a physics person (β = −0.09, p < 0.05). These results are consistent with related work,
from a sample of over 2000 male and female first-year engineering students, that found physics identity
to be a positive, significant predictor of interest in aerospace engineering, mechanical engineering,
electrical engineering and construction management engineering, and negatively related to biomedical
engineering (Doyle 2017).

When we parsed out the constructs that make up a physics identity, women in engineering
disciplines with below average female representation were significantly more likely to be interested
in physics (β = 0.19, p < 0.001), be recognized by instructors, family, and peers as the type of person
that can do physics (β = 0.13, p < 0.01), and have internalized beliefs about performing well and
understanding physics concepts (β = 0.13, p < 0.01). In contrast, women in engineering disciplines with
above average female representation were less likely to be recognized by others as someone that can
be a physics person (β = −0.09, p < 0.05). The popular discourse of physics, as with engineering, is that
it is incompatible with femininity and is an embodiment of a masculine activity (Gonsalves et al. 2016).
Not surprising is our finding that women in disciplines that have below average female representation
tend to identify more with physics, whereas women in above average female representation disciplines
have a negative association with physics. Perhaps the identity construction of women interested in
disciplines that are perceived as more masculine (per the below average female representation statistic)
requires them to take on multiple forms of bids for recognition in the form of being more interested
and believing in their performance/competence in both physics and engineering.

Lastly, upon examining women’s identification with mathematics, our results reveal that
women in engineering disciplines with average female representation (i.e., civil engineering, nuclear
engineering, materials engineering, engineering physics, computer engineering, and other engineering)
were more likely to identify as mathematics people, (β = 0.09, p < 0.05), and subsequently have
higher beliefs about their performance/competence in mathematics (β = 0.12, p < 0.01). Godfrey and
Parker (2010) note that mathematics is “essential as a key to access understanding and thinking like
an engineer” (p. 8). Most interesting was the fact that only fields that had an average representation of
women had statistically significant beliefs about performing well in mathematics and identifying with
mathematics. This may indicate that mathematics could be a gateway subject for women, in fields that
are more gender neutral. Conversely, identifying with physics may be an indication that physics is
a gateway subject for women interested in fields that have a lower representation of women.
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7.5. Career Outcome Expectations

We found that women in the below average representation group were significantly higher than
their peers in their desire to make money (β = 0.11, p < 0.05), become well known (β = 0.11, p < 0.05),
supervise others (β = 0.13, p < 0.01), and invent or design things (β = 0.09, p < 0.05) in their careers.
These outcomes are more aligned with the masculine personality and cognitive traits that Cejka
and Eagly (1999) defined for masculine disciplines (see Table 1). This finding indicates that women
who are more interested in engineering disciplines with below average female representation may
have attitudes that conform more with the social norms in engineering that are seen as masculine.
Other work in engineering education also demonstrated that certain outcome expectations like
inventing new things (Orr et al. 2009), making money (Matusovich et al. 2010), and applying math
and science (Godwin and Potvin 2014) were important for engineering career choice. In examining
engineering career choice for all students, the attitudes reflected are largely those of men because they
are overrepresented in engineering (Yoder 2015). Additionally, prior work found that the interaction
effect between gender and inventing and designing things and applying math and science were
negative (Godwin and Potvin 2014). This prior work indicates that women who valued these outcomes
in their careers were less likely to choose engineering disciplines (Godwin and Potvin 2014). We find
similar trends in our data overall, but for women interested in engineering disciplines with below
average female representation, the career outcome expectations more closely match those of the
dominant group in engineering, men.

In contrast, we found that women interested in engineering disciplines with above average female
representation had significantly higher desire to help others (β = 0.22, p < 0.001) and work with people
(β = 0.11, p < 0.05) than their peers. This result is consistent with prior work showing that female
engineering students reported wanting to help people in their careers at a significantly higher rate
than their male counterparts did (Orr et al. 2009).

The women in our study may not have had exposure to specific disciplinary cultures as they were
surveyed in the first few weeks of their first year in a university. Our results indicate that outcome
expectations attracting women towards a particular engineering discipline are not homogeneous;
some women may be more motivated by one outcome expectation while others are more motivated
by different expectations. Women with outcome expectations that are more closely aligned with
the dominant outcome expectations that are culturally situated as masculine (e.g., making money,
becoming well known, supervising others, and inventing or designing things) have higher interest in
engineering disciplines with below average female representation. This result indicates that women
with more masculine-normed attitudes may be more comfortable in choosing and participating in
male-dominated career pathways. Conversely, women with more stereotypical female career outcome
expectations were more likely to be interested in engineering disciplines with above average female
representation. These results point to potential motivating factors and perceptions about engineering
disciplines that have implications for how students are normed in engineering disciplines with more
or less female representation and why particular trends in engineering enrollment occur. Additionally,
the directionality of these outcomes cannot be inferred from our data. These women may have
these particular goals, which attract them to particular disciplines, or their goals may be normed
to the expectations of a highly male dominated field. However, we hypothesize that these may be
particular individual differences that attract particular women to engineering disciplines with below
average female representation versus above average female representation because the women in
our study have not had the social exposure to particular disciplinary cultures yet. Instead, they are
making decisions about their interests on engineering disciplines based on limited perceptions of what
these engineers do and the larger social discourse on engineering in general (National Academy of
Engineering NAE).



Soc. Sci. 2018, 7, 44 17 of 25

7.6. Career Aspirations

While women remain in engineering majors at the same rate as men during their university years
(Ohland et al. 2008), significantly fewer enter engineering industry positions than earn degrees in
engineering (National Center for Education Statistics 2015). We examined women’s self-reported
career aspirations after graduation. Women in engineering disciplines with below average and
average female representation were more likely than their above average representation peers to
enter engineering industry (below average: β = 0.08, p < 0.05; average: β = 0.01, p < 0.05; above
average: β = −0.14, p < 0.001). This finding may explain some of the trends seen overall for women in
engineering. The disciplines with above average female representation have higher numbers of women
enrolled, but these women are much less likely to pursue engineering industry after graduation than
their peers. Women in more male-dominated disciplines are more likely to choose an engineering
industry as a career pathway. The overall trend of fewer women choosing engineering industry when
engineering is treated as a monolith is more nuanced when examining women by different disciplines
with more or less female representation. Women in male-dominated disciplines may receive messages
that engineering industry is the more normative pathway for engineering graduates than women in
other above average representation disciplines.

Women in engineering disciplines with below average (β = 0.12, p < 0.01) and average (β = 0.10,
p < 0.05) female representation are more likely to want to start a company after graduation. Drawing
on the broader gender literature, reviews of research in economics find robust evidence that women
are more risk averse than men in most situations and particularly when making gambling or
investment decisions (Blais and Weber 2001). Women perceive greater risk related to entrepreneurship
(Brindley 2005; Masters and Meier 1988), which is characterized as an issue of economics, in that
gender differences in risk aversion “will be reflected in all aspects of their decision making, including
choice of profession” (Eckel and Grossman 2008, p. 1061). Our results show that these trends may
be true of women in general, but female engineering students in more male-dominated disciplines
are more aligned in their attitudes about entrepreneurship with men, based on prior literature, than
with the female engineering counterparts in less male-dominated disciplines. Women who chose
engineering disciplines that have more male-dominated contexts may be exposed to a different culture
or risk taking and potential for entrepreneurship than their counterparts.

In contrast, women in engineering disciplines with above average female representation
were more likely than their peers to enter medicine/health professions (β = 0.35, p < 0.001) and
non-profits/NGOs (β = 0.16, p < 0.001). Indeed, women in engineering disciplines with below average
(β = −0.15, p < 0.001) and average (β = −0.08, p < 0.05) female representation were less likely to
enter medicine/health professions and were not significantly different on entering non-profits/NGOs.
These career pathways are more in line with the prior discussion of career outcome expectations of
helping others and working with people, which were significantly higher for women in disciplines
with above average female representation. These career pathways also better align with career gender
stereotypes that place importance on feminine personality characteristics (e.g., being nurturing and
cooperative) for gender-aligned pathways (Cejka and Eagly 1999; Miller et al. 2015). As calls for
branding engineering as a more people-oriented and helping profession have been made (National
Academy of Engineering NAE; Su and Rounds 2015; Thaler 2005), these trends may not remain true
for all women in engineering over time. Changing the messaging of engineering may continue to drive
women, based on interests, into engineering disciplines that were previously seen as uninteresting.

Women in engineering disciplines with below average (β = 0.11, p < 0.05) and above average
(β = 0.13, p < 0.01) female representation were more likely than their peers to want to enter law.
Women have had significant gains in representation in law over the past few decades (Hill et al. 2010).
The types of law that these women are interested in practicing may or may not be different from their
particular career interests (Su and Rounds 2015). However, it is not surprising to find that women
across engineering disciplines are interested in a career pathway that has seen significant growth in
female representation over time (unlike other career pathways listed).
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We also found significant differences for women in average female representation disciplines
from their peers for interests in K-12 education (β = 0.10, p < 0.05) and other careers (β = 0.12, p < 0.01).
These differences may be due to the particular engineering disciplines categorized as average female
representation (i.e., civil engineering, nuclear engineering, materials engineering, engineering physics,
computer engineering, and other engineering). These engineering disciplines have the least traditional
career pathways based on the disciplinary topics and diversity of foci (Godfrey and Parker 2010).
Interestingly, we also found no significant differences in female engineering students’ desire to enter
academia/higher education or government/policy.

7.7. Overall Findings

In this work, we hypothesized that women in the above average female representation group
would display attitudes, beliefs, career outcome expectations, and career aspirations that were in line
with feminine qualities, whereas the opposite would be true for women in the below-average female
representation group. We did find that women who were most interested in engineering disciplines
with above average female representation had attitudes and career goals more aligned with feminine
traits including higher agreeableness, lower physics identities, higher interest in helping others and
working with people in their careers, lower interest in entering engineering industry and higher interest
in law, medicine, and non-profit organizations as career pathways than their female peers. Women
most interested in engineering disciplines with below average female representation showed stronger
masculine attributes including higher engineering and physics identities, stronger persistence of effort,
more desire to make money and supervise others, and a stronger desire to enter engineering industry or
start a company than their female peers. Women most interested in the average female representation
engineering disciplines had higher mathematics identities, interest in entering engineering industry
and other career pathways than their female peers. Together, these results point to particular attitudes
and beliefs that may differentially attract women to engineering as a male-dominated discipline overall
and may have some effect in engineering disciplinary choices in the university setting.

8. Limitations and Future Work

This study utilized a cross-sectional survey design. This data represents one specific point in time,
and based on this data, we are unable to draw causal inferences or conclusions. We hypothesized that
women enter engineering with different attitudes that may make them more or less inclined to choose
particular above or below average female representation engineering disciplines. However, we have
no way to determine the causality of such hypotheses with the data used in this study, nor can we
account for the many other factors that affect engineering disciplinary choices.

Future work is needed to understand how women’s attitudes across engineering disciplines
change over time. For example, additional research is needed to understand how students, specifically
women, perceive disciplinary cultures in engineering once they have entered their chosen majors.
To date, only one study has looked at how the climate of an engineering discipline (industrial
engineering) attracts more women.

Our study did not focus on students living with intersecting social identities (e.g., race/ethnicity,
first-generation college student, or domestic/international status); we only focused on gender.
Future work should focus on how these varying social identities differentially affect women’s attitudes
and pathways in engineering as a male-dominated discipline.

Because our study aimed to investigate differences in women’s attitudes as they enter engineering
degree programs, the male population was not included in our analyses. The limitations to this
approach include the inability to make comparisons across gender. Whereas this study intentionally
focused on understanding women across engineering disciplines, there is also merit in understanding
how men vary across engineering disciplines and the comparison between genders. Future work will
seek to understand how both men and women in different engineering disciplines vary in terms of
attitudes, beliefs, and motivation.
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9. Conclusions

The results of this study indicate the women who are interested in engineering disciplines with
different representations of women (i.e., are more or less male-dominated) have significantly different
attitudes and beliefs, career goals, and career plans. These findings have implications for how women
do or do not conform to the masculine social norms of engineering overall and why women may be
enrolling in engineering disciplines at different rates. While this work did not examine the cultural
factors that may influence women in their engineering disciplines, it is the first systematic examination
of women’s attitudes across engineering disciplines and provides information about the perceptions
that women may have and attitudes that they bring with them into particular engineering pathways.
The results of this study provide a starting point to understand how women may be recruited into
engineering disciplines with below average female representation and how they can be retained in
disciplines where there is a higher representation of women.

Supplementary Materials: The following are available online at www.mdpi.com/2076-0760/7/3/44/s1,
The mean, standard deviation, and correlation matrix can be found online for all the variables used in this analysis.
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