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Abstract It is generally accepted that engineering requires a strong aptitude for mathe-
matics and science; therefore, students’ judgments regarding their competence in these
areas as well as engineering likely influence their confidence in engineering. Little is
known about how self-confidence in science, mathematics, and engineering courses
(STEM confidence) varies at the intersection of race/ethnicity and gender. To fill this gap,
this study examined the STEM confidence of multiple groups in undergraduate engineering
programs. Results indicated that although some underrepresented groups may have lower
STEM confidence overall, this finding no longer applies to all groups after controlling for
personal, environmental, and behavioral factors. Specifically, African-American and His-
panic men report higher average STEM confidence than White men after controlling for
these associated measures. In addition, White women continue to report lower average
STEM confidence than White men after controlling for these measures, while other groups
do not differ from White men. Further, many elements of student perception, including
student views of professors, comparisons to peers, perceptions of the field as rewarding,
and desirability of chosen major are positively associated with student STEM confidence.
The changing patterns of significance for race/ethnicity and gender groups between the two
models indicate that personal, environmental, and behavioral factors have different rela-
tionships with STEM confidence levels for different groups. This study contributes an
understanding that gender differences in STEM confidence are not indifferent to racial and
ethnic context. Social-cognitive theory provides a valuable framework for studying student
academic confidence and would improve future self-confidence research.
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Currently, the U.S. has a shortage of skilled domestic workers; and jobs requiring
knowledge and skills in the areas of science, technology, engineering, and mathematics
(STEM) continue to grow (Jiang and Freeman 2011; Marra et al. 2012; May and Chubin
2003; Terrel 2007). In fact, the Bureau of Labor Statistics projects that STEM occupations
will increase by 22 % between 2004 and 2014 (Terrel 2007). At the same time these types
of jobs are increasing, studies indicate that the ethnic make-up of the workforce is rapidly
changing (Cole and Espinoza 2008; May and Chubin 2003). In fact, underrepresented
groups are estimated to increase from about a quarter of the workforce to almost half by
2050 (Cole and Espinoza 2008; May and Chubin 2003). While the need for STEM
workers, particularly engineers, is on the rise, women and minorities also make up an
increasing proportion of the labor pool; yet these groups continue to receive proportionally
fewer engineering degrees than White men (Anderson et al. 2006; Brown et al. 2005; Cole
and Espinoza 2008; French et al. 2005; Johnson 2007; Kissinger et al. 2009; Marra et al.
2012; Tate and Linn 2005). Research focused on attracting and retaining a diverse pop-
ulation of students is crucial to the continued development, innovation, growth, and
maintenance of STEM-related industries, such as engineering (French et al. 2005; Jiang
and Freeman 2011; May and Chubin 2003).

Multiple studies indicate that self-confidence and self-efficacy influence college stu-
dents’ academic achievement (Brown et al. 1989; Hackett et al. 1992; Lent et al. 1986;
Pascarella et al. 1987; Santiago and Einarson 1998). Further, numerous studies demon-
strate a strong link between student self-confidence and persistence in engineering
undergraduate programs (Brainard and Carlin 1998; Burtner 2004; Goodman et al. 2002;
Huang and Brainard 2001; Metz et al. 1999; Seymour and Hewitt 1997; Tate and Linn
2005). Research also indicates that strong correlations exist between self-efficacy and
persistence (Bandura 1986; Brown et al. 1989; Cordero et al. 2010; Hackett et al. 1992;
Lent et al. 1986; Marra et al. 2012; Multon et al. 1991; Pajares 1996; Santiago and
Einarson 1998; Schunk 1989; Seymour and Hewitt 1997). A close relationship exists
between self-confidence and self-efficacy, whereby self-efficacy informs self-confidence
(Schunk 1991). While various studies assess students’ self-confidence and/or self-efficacy
beliefs and various outcomes associated with these beliefs, much still needs to be under-
stood, especially regarding how self-confidence in science, mathematics, and engineering
courses (STEM confidence) varies across the intersection of gender and race, in addition to
how student experiences influence STEM confidence.

Because women and particular minority groups, including African Americans, Latinos,
Native Americans, and Pacific Islanders, continue to be underrepresented in the engi-
neering field, this study seeks to unpack how the undergraduate engineering experiences of
these students influence their STEM confidence. Data from the Project to Assess Climate in
Engineering (PACE) enables analysis of these underrepresented groups because of the
large number of student respondents across multiple schools. The close relationship
between self-confidence and self-efficacy points to social cognitive theory as an appro-
priate framework for examining: (1) how student STEM confidence levels vary by racial/
ethnic group and gender, and (2) how STEM confidence is affected by personal, envi-
ronmental, and behavioral factors. Personal factors include perceptions of the engineering
field and major desirability; environmental factors include perceptions of professors,
comparisons with other students, and interactions with other students; and behavioral
factors include student performance as measured by grade point average (GPA). In order to
better understand how these aspects of engineering undergraduate experiences influence
and impact student STEM confidence, the article starts by unpacking social cognitive, self-
efficacy, and self-concept theories, followed by a review of existing research focused on
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self-confidence and self-efficacy in relation to: gender, race/ethnicity, personal factors,
environmental factors, and behavioral factors. The article next describes the research
methods used for the study, and culminates with the analysis results, discussion, and finally
conclusions and implications.

Social Cognitive, Self-Efficacy and Self-Concept Theories

Social Cognitive Theory, as embodied in Bandura’s (1977, 1978, 1986) triadic reciprocal
determinism model, emphasizes how human functioning is shaped by (a) personal attri-
butes, such as internal cognitive and affective states, (b) environmental events, and
(c) behavior, all interacting to determine motivation and actions (Bandura 1986; Crothers
et al. 2008; Lent et al. 1994). Because self-reflection helps move people from knowledge to
action, one of the most influential aspects of human motivation and action in people’s
everyday lives is self-efficacy beliefs (Bandura 1986). Self-efficacy expectations vary in
magnitude, generality, and strength, and research indicates that four primary sources of
information influence self-efficacy expectations: performance accomplishments, vicarious
experience, verbal persuasion, and physiological and affective states, or emotional arousal
(Bandura 1977, 1978, 1986, 1997; Byars and Hackett 1998; Vogt 2005). Performance
accomplishments refer to the experience of success in performing a task, and this has been
shown to increase an individual’s self-efficacy with regard to that particular task (Bandura
1977, 1982; Campbell and Hackett 1986; Hackett and Campbell 1987). Vicarious expe-
rience refers to seeing others succeed or fail (Bandura 1982; Gist 1987; Gist et al. 1989;
Schunk 1981; Schunk 1982). Receiving messages regarding one’s ability to perform a task
successfully offers an example of verbal persuasion, and emotional arousal often takes the
form of anxiety or tension which provides physiological information regarding one’s
competence (Busch 1995).

These sources of information can be categorized into the three broad areas of Bandura’s
triadic reciprocal determinism model (Bandura 1986). They take the form of personal
attributes, such as beliefs and attitudes; behavior, or the responses one makes in given
situations; and environmental events, such as the role that people in the environment play
(Bandura 1986; Lent et al. 1994). For example, performance accomplishments would be
considered behavior, whereas vicarious experiences and verbal persuasion would both fall
under environmental events. Although the theory asserts that the aforementioned factors
inform and influence self-efficacy, the social cognitive model also assumes ongoing,
reciprocal interactions among factors (Byars and Hackett 1998).

Self-concept, an individual’s collective self-perceptions, encompasses self-esteem, self-
confidence, stability, and self-crystallization (Rosenberg and Kaplan 1982; Schunk 1991).
Experiences with and interpretations of the environment, as well as external assessments
and reinforcements, all work to form and influence an individual’s self-concept (Shavelson
and Bolus 1982). Further, an individual’s perceptions of specific behaviors likely influence
subarea, or domain-specific self-concepts, such as mathematic abilities. These subject-
specific beliefs or self-concepts combine to form an individual’s academic self-concept
(Schunk 1991). Important to understand, however, is that within academics, a high self-
concept does not necessarily mean that students are highly confident in all areas.

Self-efficacy, which is closely related to self-confidence, plays a role in academic self-
concept (Schunk 1991). Longstanding definitional and measurement problems for both
self-efficacy and self-confidence have muddied our understanding of the importance of
each (Pajares 1996). Self-confidence can be defined as an individual’s general belief that he
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or she has the ability to produce results, accomplish goals, or perform tasks competently,
and perceptions of self-confidence can vary by domain (Pajares 1996; Schunk 1991; Vogt
2008; Vogt et al. 2007). Student self-confidence is understood to be informed by self-
esteem as well as general self-efficacy (Schunk 1991), and typically an individual bases
these confidence beliefs on “memories of past experiences or upon people’s judgments of
their capabilities to organize and execute courses of action to attain specific goals” (Vogt
et al. 2007, p. 341).

General self-efficacy refers to a person’s beliefs in his/her capacity to complete certain
tasks required to reach specific attainments within a particular domain (Marra et al. 2012).
What distinguishes self-efficacy from self-confidence is the task and domain-specific
nature of self-efficacy. An individual’s perception of self-efficacy may vary from one
domain to another or from one task to another (Pajares 1996; Schunk 1991; Vogt 2008). An
individual may exhibit high levels of self-efficacy within one domain, while at the same
time exhibiting low levels of self-efficacy within another domain (Cassidy and Eachus
2002).

Because self-efficacy informs self-confidence, social cognitive theory provides a useful
framework for understanding how various factors found to influence academic self-efficacy
also may influence academic self-confidence, and in the case of this study, STEM confi-
dence (Bandura 1989; Schunk 1989). The concept of STEM confidence represents stu-
dents’ academic confidence within science, engineering, and math domains; it is domain-
specific but not task-specific, so it measures confidence rather than efficacy. Given the
relationship between self-confidence and self-efficacy, the literature review offers insights
from both of these bodies of research.

Self-Confidence, Self-Efficacy, Gender, and Race/Ethnicity

Evidence indicates that in some cases gender and ethnicity differences may exist with
regard to self-confidence, self-efficacy, and persistence (Besterfield-Sacre et al. 2001;
Brainard and Carlin 1998; Goodman et al. 2002; Huang and Brainard 2001; Metz et al.
1999; Pajares and Kranzler 1995; Santiago and Einarson 1998; Seymour and Hewitt 1997,
Tate and Linn 2005). For example, female students often cite self-confidence as a reason
for their decision to abandon engineering (Brainard and Carlin 1998; Huang and Brainard
2001; Kissinger et al. 2009; Metz et al. 1999; Seymour and Hewitt 1997).

Both self-confidence and self-efficacy have been found to play important roles in the
academic and career development of women in STEM (Betz and Hackett 1997; Cech et al.
2011; Hackett and Betz 1981; Hackett et al. 1992; Huang and Brainard 2001; Vogt 2003).
They are particularly critical to the success of women pursuing non-traditional careers,
such as engineering (Betz 2001; Cech et al. 2011; Lapan et al. 1989; Marra et al. 2005;
Marra et al. 2009; Nauta et al. 1998). In male-dominated professions such as engineering,
women tend to be less likely to develop professional role confidence because of the need to
overcome cultural biases that men are naturally fit for and better at these professions (Cech
et al. 2011). In addition, women often exhibit significantly lower levels of self-efficacy
than men (Betz and Hackett 1981; Hackett and Betz 1981; Lindley 2006).

In male-dominated fields, women’s self-confidence and self-efficacy beliefs can be
heavily influenced by social persuasion and vicarious experiences (Cech et al. 2011;
Cordero et al. 2010; Huang and Brainard 2001; Hutchison et al. 2006; Zeldin and Pajares
2000). Male faculty and peers may perceive women pursuing these professions as unfit
simply because they deviate from the conventional image of such professionals (Cech et al.
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2011). Therefore, women often bear the burden of proving that, despite gendered expec-
tations, they are skilled in male-typed professions (Cech et al. 2011). Frequently, women
engineering students lack a sense of inclusion due to negative social cues from both
students and faculty regarding their presence in engineering (Marra et al. 2009; Zeldin and
Pajares 2000). These types of messages function as the kind of social persuasion that can
influence one’s self-confidence and self-efficacy beliefs (Huang and Brainard 2001; Zeldin
and Pajares 2000).

Generally, women tend to underestimate their abilities in math and science, which can
lower their confidence and self-efficacy perceptions (Betz 1997; Huang and Brainard 2001;
Seymour and Hewitt 1997). Also, women studying engineering compare themselves
unfavorably to male peers and judge themselves more harshly than the men judge them-
selves (Hawks and Spade 1998), which often leads them to express lower levels of con-
fidence than men with regard to their abilities (Besterfield-Sacre et al. 2001; Cech et al.
2011). Further, women are more likely than men to attribute their failures to low ability
and less likely to attribute their successes to high ability (Colbeck et al. 2006). As a result,
women may develop different levels of career confidence in engineering than men, which
may lead to different rates of persistence (Cech et al. 2011).

A lack of role models and little encouragement can result in women having lower self-
confidence and self-efficacy than men (Betz and Hackett 1981; Cordero et al. 2010; Gainor
2006; Huang and Brainard 2001; Lent et al. 1996; Marra et al. 2012). Marra et al. (2009)
contend that this phenomenon may be amplified for underrepresented minority women
studying engineering due to their small numbers. All students of color, regardless of
gender, tend to lack role models and frequently have their self-confidence undermined by
the perception that white faculty and students regard them (especially black students) as
possessing lower ability (Seymour and Hewitt 1997).

Underrepresented minority students in engineering also tend to lack peers, with whom
they share a common ethnic and cultural background (Anderson et al. 2006; Bonous-
Hammarth 2000; Brown et al. 2005; Johnson 2007; May and Chubin 2003; Seymour and
Hewitt 1997). This can result in students’ social identity being characterized by feelings of
difference and lack of a sense of belonging (Cole and Espinoza 2008; Tate and Linn 2005);
sense of belonging has been associated with students’ confidence in their ability to com-
plete an engineering degree (Huang and Brainard 2001; Marra et al. 2012). As is the case
for women, these kinds of contextual factors could influence the STEM confidence of
underrepresented minority students.

Understanding the application of academic confidence and self-efficacy across diverse
groups is critical, given the variability that can exist (Lindley 2006). In their study of
graduate students in science and engineering, Santiago and Einarson (1998) found that U.S.
minority students reported significantly higher academic self-efficacy than Anglo students,
despite lower GRE scores and indications that they felt less prepared by their under-
graduate experiences. In another study, African American high school students, in par-
ticular, reported above average confidence in their math capability, yet they demonstrated
lower mathematics self-efficacy than their peers (Pajares and Kranzler 1995). In other
studies, no self-efficacy differences emerged between White and African American
undergraduate students with regard to their perceptions of mathematics and investigative
abilities (Betz and Gwilliam 2002; Gwilliam and Betz 2001; Lindley 2006). Similar to
women, forms of social persuasion have been found to be a strong predictor of self-efficacy
among Black undergraduate students; however, unlike with women, its impacts are similar
to performance in strength (Gainor and Lent 1998).
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One study found that Mexican American engineering students had lower levels of self-
efficacy than European Americans with regard to requirements in their academic program
(Hackett et al. 1992). Asian American undergraduate self-efficacy scores were found to be
the lowest when compared to Black, Latino and White undergraduates, and significantly
lower than the average score for Latino undergraduate students, who demonstrated the
highest level of academic self-efficacy in this particular study (Greenstein 2000). Focus
group data provided additional support for these findings, and suggested that low academic
self-efficacy scores could reflect Asian American undergraduates feeling that they were not
living up to model minority myth expectations (Greenstein 2000). While some literature
touches on the confidence, self-efficacy and persistence of students of different racial and
ethnic backgrounds, the data tends to be limited, or show mixed results, and does not delve
deeply enough into these areas. Specifically, more research is needed to understand how
controlling for student perceptions and other demographic variables can influence STEM
confidence differently across groups. More research is also needed with regard to simi-
larities and differences across race/ethnicity and gender, with particular attention on how
race/ethnicity and gender intersect.

Self-Confidence, Self-Efficacy, and Personal Factors

Student perceptions of the engineering field function as personal factors, or beliefs and
attitudes that can serve as one source of information for self-confidence and self-efficacy
beliefs. Although very little research examines how student perceptions of the engineering
field relate to student self-efficacy, student perceptions of the engineering field have been
found to play a role in student confidence levels as they progress through engineering
programs (Besterfield-Sacre et al. 2001; Burtner 2004; Cech et al. 2011; French et al. 2005;
Seymour and Hewitt 1997).

Students who switch out of engineering majors express concerns about the kinds of
work that will be available to them in engineering and the corresponding lifestyles of those
careers (Seymour and Hewitt 1997). For example, some students believe that the careers
they would be eligible for post-graduation would not be fulfilling, enjoyable, or have a
worthwhile purpose, and they anticipate that they would have to develop and embrace a
persona very different from their own personality (Seymour and Hewitt 1997). In addition
to the mastery of core intellectual skills, professional success requires the cultivation of
confidence in, identification with, and commitment to the profession, or professional role
confidence (Cech et al. 2011). The more confident students are that they will find engi-
neering work satisfying and aligned with their interests and values, the greater their
intentions to remain in engineering beyond graduation (Cech et al. 2011). While one study
found that Hispanic students had significantly higher ratings than White students regarding
general impressions of engineering (Besterfield-Sacre et al. 2001), more research focused
on the perceptions of underrepresented minority engineering students is required to inform
and improve retention efforts. For example, how, if at all, do student perceptions of the
engineering field influence underrepresented students’ STEM confidence?

Student satisfaction with their chosen major and the extent to which they want to be in
their major function as personal factors that can serve as a source of information for self-
confidence and self-efficacy. Major satisfaction relates to identification with the major,
technical interest, and perceptions of a positive climate (Ngambeki and Evangelou 2011).
Ngambeki and Evangelou (2011) found a strong positive correlation between students’
satisfaction with their major and their confidence in their ability to complete engineering
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tasks. This study also found that students’ self-efficacy negatively correlated to compliance
motivation, indicating that being pushed into a particular major could have detrimental
effects on self-efficacy (Ngambeki and Evangelou 2011).

Self-Confidence, Self-Efficacy, and Environmental Factors

Student perceptions of faculty function as environmental factors that inform academic
confidence and self-efficacy beliefs. Student-faculty interactions play an important role in
success for all students (Huang and Brainard 2001; Marra et al. 2012), and faculty efforts
can have important influences on student self-perceptions (Colbeck et al. 2006). In one
study, students who expected positive interactions with program faculty demonstrated
higher levels of academic self-efficacy (Santiago and Einarson 1998). Faculty activities,
such as sharing with students, showing an interest in them, and providing them with
opportunities, all relate positively to self-efficacy (Marra et al. 2009; Vogt et al. 2007).
Distant faculty relationships, on the other hand, have been associated with lower self-
efficacy, confidence, and GPA (Huang and Brainard 2001; Marra et al. 2012; Vogt 2008).
Through forms of social persuasion, faculty can enhance self-confidence and self-efficacy
by letting students know that they are capable of particular skills (Marra et al. 2012; Ponton
et al. 2001).

Comparing oneself to others acts as an example of a vicarious experience and functions
as another source of information in one’s environment. When students face a situation in
which they have little or no experience, perceptions of outcomes that others have achieved
when performing similar tasks may influence their self-efficacy beliefs (Hutchison et al.
2006). For example, students who observe peers performing a task will likely believe that
they can also accomplish the same task simply because they have seen others do it
(Colbeck et al. 2006; Schunk 1989). When students work in teams with other students, or
seek help from them, they often shape their beliefs about their own abilities based on the
outcomes of other students (Hutchison et al. 2006). Students’ self-confidence and self-
efficacy beliefs can also stem from verbal feedback they receive through interactions with
peers (Colbeck et al. 2006; Hutchison et al. 2006; Schunk 1991). This verbal feedback
functions as another form of social persuasion, which can be particularly salient for
women’s self-confidence and self-efficacy beliefs (Marra et al. 2012; Ponton et al. 2001).

Self-Confidence, Self-Efficacy, and Behavioral Factors

Performance accomplishments, also known as mastery experiences, function as behavioral
factors informing self-confidence and self-efficacy beliefs. Bandura (1997) describes this
source of information as the raw knowledge, skills, and experience required for success-
fully completing a specific task or goal. In academic environments, such as engineering
programs, this translates into successful completion of particular courses, which is typi-
cally measured using GPA. Much of the research focused on performance and its rela-
tionship to self-confidence and self-efficacy looks at GPA as an outcome, indicating that
self-confidence and self-efficacy beliefs impact GPA (Burtner 2004; French et al. 2005;
Huang and Brainard 2001; Jiang and Freeman 2011; Meece and Courtney 1992; Multon
et al. 1991; Pajares and Miller 1994; Reichert and Absher 1997; Seymour and Hewitt
1997). However, some studies examine how mastery experiences, such as demonstrated
understanding and learning of course material, influence students’ self-efficacy. For
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example, in one study, students demonstrated higher self-efficacy when they felt they
understood and learned course material (Hutchison et al. 2006). While the aforementioned
studies offer a glimpse into the relationship between student GPAs, confidence, and self-
efficacy in engineering programs, more research is needed to understand how GPA
influences STEM confidence, particularly for specific underrepresented student groups.

Existing literature regarding student persistence in undergraduate engineering programs
demonstrates a strong link between student confidence, self-efficacy, and academic per-
sistence, yet it does not offer a great deal of insight into the experiences of underrepre-
sented groups, especially ethnic minority men and women. This is particularly true with
regard to what influences, both negatively and positively, students’ STEM confidence. Due
to small numbers of participants, those studies that do examine underrepresented student
perceptions and beliefs offer limited results (Besterfield-Sacre et al. 2001; French et al.
2005; Marra et al. 2012; Vogt 2008). This study aims to address some of these literature
gaps by examining social cognitive influences on engineering student STEM confidence,
with a particular focus on women and underrepresented minorities.

Method
Sample

The data for this research came from a large-scale 2008 online survey of 10,366 under-
graduate engineering students for the PACE study, funded by the Alfred P. Sloan Foun-
dation. The 21 participating PACE schools were chosen from a list of 351 schools that
granted bachelor’s degrees in engineering. PACE schools were chosen from this list based
on a variety of criteria. Enrollments of women and/or underrepresented minorities that
were above or below the national average were used to create a distribution of schools that
were doing well and doing poorly recruiting/graduating women and minorities. Invited
schools also had to have enrollments of at least 1,000 engineering students. In addition, to
reduce variation across sites, PACE schools were restricted to programs that either enroll
students directly from high school into the College/School of Engineering and/or provide
an engineering advisor during the first year to students who indicated an interest in
engineering on their college application form. The majority of the 21 engineering schools
involved with PACE are public schools (81 %), although some small and private schools
are included. In addition, 14 % of the PACE schools are minority-serving institutions,
52 % are in the top 50 US News engineering rankings, and 57 % are classified by Carnegie
as having very high research activity (RU/VH).

The list of all enrolled undergraduate engineering students age 18 or older was stratified
by race/ethnicity and gender prior to sampling. Due to the low representation of women
and particular minorities (African-Americans, Hispanics, Native Americans and Native
Hawaiian/Pacific Islanders) in engineering, these groups were intentionally oversampled,
to ensure they would be well-represented among survey respondents. The size of the
population of women and underrepresented minority men was matched by a random
sample of White, Asian, and International men.

Because women and underrepresented minorities were oversampled, they were
expected to represent a higher proportion of respondents compared to the population of
engineering undergraduate students in 2008. Within the PACE data, schools varied with
respect to the percent of female respondents, ranging from 21 % female to 63 % female,
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with a mean of 43 %. In 2008, 18 % of the engineering undergraduate student population
was female (Commission on Professionals in Science and Technology 2009).

The population of engineering undergraduates in 2008 was 5 % African American, 1 %
Native American, 7 % Hispanic, 70 % White, and 12 % Asian (Commission on Profes-
sionals in Science and Technology 2009). The percentage of each racial/ethnic group
among respondents varied in the PACE schools. Table 1 shows the representativeness of
PACE respondents in this analysis by race and ethnicity. The PACE analytic sample is
relatively representative of the national population of engineering undergraduates except
that Hispanic students are overrepresented and Asian students are underrepresented among
respondents, which was somewhat expected given the oversample of underrepresented
groups. International students were excluded from this analysis.

The proportion of the PACE respondents in various majors was compared with the
population of undergraduate engineering students in 2008 in those majors (Gibbons 2008).
The difference in percentages ranges from 4 % (biomedical engineering and environmental
engineering) to less than 1 % (electrical/computer engineering) indicating that the PACE
data is generally representative of the population with regard to the distribution of majors.

Students were recruited for the online survey via email. Three strategies were used to
address and reduce the low response rate typically associated with web-based surveys.
First, students received up to four total emails. Second, each email was sent from the local
engineering dean or site liaison. Third, schools were given 100 dollars to use as an
incentive which they could supplement with their own funds, and some did. Because the
survey was anonymous, reminders were not sent to those students who filled out the
incentive drawing page or who requested no more emails. The mean school response rate
for the online survey was 29 %; the median was 28 % with a minimum and maximum of 7
and 53 %, respectively. The response rate is similar to other web-based surveys (Kaplowitz
et al. 2004; Kwak and Radler 2002).

A total of 21 schools and 7,833 students were included in the analysis after listwise
deletion. Listwise deletion was chosen as the best method among conventional methods for
handling missing data to minimize the potential for biased estimates (Allison 2002). In
total, these 21 schools enrolled about 18 percent of the full-time undergraduate engineering
students within the United States in 2008 (ASEE 2008), meaning that although schools
were not randomly sampled, it is possible to generalize these results with caution to similar
types of schools.

Instrument

The PACE survey was designed to measure the engineering educational climate at uni-
versities in the United States. Questions on the survey drew from previously administered
and tested surveys (Brainard et al. 1999; Laanan 2004). The PACE survey instrument was
pre-tested on undergraduate engineering students at a non-PACE university, subsequently
modified based on the feedback, and reviewed by a panel of science and engineering
diversity experts. The survey was analyzed for internal consistency and found to have a
mean o of 0.77 (Litzler and Young 2012).

Measures
The outcome of interest was student STEM confidence. Three survey items were averaged

and then standardized (M = 0, SD = 1) to create the STEM confidence variable. The three
items asked about confidence in a student’s ability to succeed in college engineering
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Table 1 Percentage of under-

. - . Race/ethnicity Population PACE respondents
graduate engineering population
and PACE respondents by race/ . .
ethnicity African American 5
Native American 1 2
Hispanic 7 13
PACE respondent data based on Asian 12 9
the analytical sample of 7,833 White 70 7

students

courses; college science courses; and college math courses (See Table 2 for details). These
three items were combined into one variable since the literature indicates that engineering
is closely tied to science and math skills in public perception (Sinkele and Mupinga 2011),
and the public generally assumes that students must excel in science and math in order to
succeed in engineering (Committee on Public Understanding of Engineering Messages,
National Academy of Engineering 2008; Sinkele and Mupinga 2011). Further, it is com-
mon to combine multiple survey items to reduce the risk of using an unreliable or invalid
measure (Silvey 1975). Students responded to each item on a five-point rating scale
(strongly disagree, somewhat disagree, neutral, somewhat agree, strongly agree). The
Cronbach’s Alpha estimate of reliability for this STEM confidence variable is 0.83
(Cronbach 1951), which was estimated using the multilevel package (Bliese 2012) in R (R
Development Core Team 2011).

A set of predictor variables drawn from social cognitive theory were included in the
models (See Table 3). Since this paper examines STEM confidence by race/ethnicity and
gender, the main predictor of interest is called race/gender and includes 12 distinct groups.
White men were the reference category, and each intersection of race/ethnicity and gender
was included as a dichotomous variable; for example, Hispanic women compared with
White men is one variable and Asian men compared with White men is another race/
gender variable.

Six predictor variables represent the three areas hypothesized by social cognitive theory
to have a relationship with confidence. Environmental factors include Good Professors,
Student Community, and Comparison to Peers; Personal factors are Engineering
Rewarding and Major Desirability; the Behavioral factor is cumulative GPA. Of the six
measures, four were created from multiple survey items, while Comparison to Peers and
GPA were single survey items. Comparison to Peers asked the students “Compared to
other students in my classes, I think my academic abilities in my engineering classes are:”
with five response choices (far below average; below average; average; above average; far
above average). GPA measured the students’ self-reported cumulative GPA. Both items
were standardized (M = 0, SD = 1) for analysis.

The four aggregate predictor variables created from multiple survey items included
Good Professors (10 items; o = 0.76), Student Community (6 items; o = 0.78), Engi-
neering Rewarding (6 items; oo = 0.71), and Major Desirability (4 items; o = 0.60). All
survey items used to create these aggregates were measured with response categories based
on a five-point Likert scale. Selected survey items (See Table 2) were averaged and then
standardized (M = 0, SD = 1) to create the aggregates, and negatively worded items were
reverse coded prior to averaging. Good Professors measures the extent to which students
have positive interactions with their engineering professors. Student Community is a
measure of the extent to which students feel like part of a community. Engineering
Rewarding is a measure of one’s perceptions of the engineering field, including a student’s
level of agreement about whether society values the work engineers do or whether an
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Table 2 Aggregate variable survey items and Cronbach’s alpha estimates of reliability

STEM confidence (o0 = 0.83)
I am confident in my ability to succeed in my college engineering courses
I am confident in my ability to succeed in my college science courses
I am confident in my ability to succeed in my college math courses
Good professors (o0 = 0.76)
Do your professors care whether or not you learn the course material?
Do your professors treat you with respect?
Do your professors think you have a lower ability than you actually have?
Do your professors take your suggestions and comments in class seriously?
Are you comfortable meeting with your professors for academic help?
Do your professors inspire you to study engineering?
Engineering rewarding (o = 0.71)
Society values the work engineers do
Engineering is boring
Engineering is an occupation that is respected by other people
Engineers help to make the world a better place
I expect that engineering will be a rewarding career
My engineering coursework will prepare me for a job in engineering
Student community (o0 = 0.78)
Are group projects valuable?
Do you feel like you are a part of an engineering community?
Do you like studying with other students in a group?
Are you involved with student study groups?
Do engineering students help each other succeed in class?
Do other students take your comments/suggestions in class seriously?
Major desirability (oo = 0.60)
I have no desire to declare a non-engineering major
I can think of other majors that I would like better than engineering
It is my choice to study engineering

I intend to complete my engineering degree

Response categories for each item were on a five-point Likert scale

engineering career will be rewarding. Major Desirability includes the desire to stay in
engineering and the extent to which the study of engineering is the student’s choice.

In order to create these four aggregate predictor variables, along with the aggregate
outcome variable, a principal components analysis was conducted for each respective
survey subsection based on the polychoric correlation matrix, which is appropriate for use
with ordinal data (Garrido et al. 2011). Principal component structure was determined
based on a combination of Velicer’s MAP criteria (Garrido et al. 2011) and the very simple
structure (VSS) criteria (Revelle and Rocklin 1979), and items were retained based on
examination of item loadings and communalities. In addition to statistical means, items
were considered for inclusion based on theoretical grounds and the content of each item.

The following demographic variables were included as control variables: class year (1st
year, 2nd year, 3rd year, 4th year, 5th year, 6th year and beyond); whether the student was
a first-generation American citizen or not; whether the student used need-based
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Table 3 Descriptive statistics for the variables in the analysis

Variable N M SD Min Max
STEM confidence® 7,833 4.29 0.72 1 5
Good professors® 7,833 3.87 0.57 1.33 5
Student community® 7,833 3.53 0.66 1 5
Comparison to peers” 7,833 3.57 0.72 1 5
Major desirability® 7,833 4.17 0.70 1 5
Engineering rewarding® 7,833 4.27 0.54 1 5
GPA* 7,833 3.23 0.50 1 43
Not first generation 6,341 0.81 0 1
Prior experience 1,168 0.15 0 1
Need-based scholarship 2,703 0.35 0 1
White male® 2,946 0.38 0 1
African-American male 167 0.02 0 1
Native American male 73 0.01 0 1
Hispanic male 741 0.09 0 1
Asian male 369 0.05 0 1
Hawaiian/Pacific Islander male 16 0.00 0 1
White female 2,653 0.34 0 1
African-American female 134 0.02 0 1
Native American female 44 0.01 0 1
Hispanic female 329 0.04 0 1
Asian female 343 0.04 0 1
Hawaiian/Pacific Islander female 18 0.00 0 1
First year” 1,616 0.21 0 1
Second year 1,760 0.22 0 1
Third year 1,912 0.24 0 1
Fourth year 1,783 0.23 0 1
Fifth year 624 0.08 0 1
Sixth year or more 138 0.02 0 1
Aerospace 452 0.06 0 1
Biomedical 564 0.07 0 1
Chemical 810 0.10 0 1
Civil 1,047 0.13 0 1
Computer science 285 0.04 0 1
Electrical and computer 1,197 0.15 0 1
Industrial 467 0.06 0 1
Mechanical 1,864 0.24 0 1
Other major 1,147 0.15 -1 -1

* Standardized for analysis (M = 0, SD = 1)

® Used as reference category

scholarships to pay for college; and the student’s major field of study. For class year, 1st
year students were the reference category. For the student’s field of study, each field was
compared to the mean STEM confidence value rather than a reference category. For this
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reason, no model coefficient for the “other” field of study category could be estimated. The
eight most popular fields of study were used as control variables, while the remaining
students were grouped into the “other” field of study category.

This study focuses on STEM confidence as an outcome due to the critical role it can
play in engineering undergraduate persistence (Bandura 1986; Brainard and Carlin 1998;
Brown et al. 1989; Burtner 2004; Cordero et al. 2010; Goodman et al. 2002; Hackett et al.
1992; Huang and Brainard 2001; Lent et al. 1986; Marra et al. 2012; Metz et al. 1999;
Multon et al. 1991; Pajares 1996; Santiago and Einarson 1998; Seymour and Hewitt 1997;
Schunk 1989; Tate and Linn 2005), particularly for women (Betz 2001; Lapan et al. 1989;
Marra et al. 2005; Marra et al. 2009; Nauta et al. 1998). Social cognitive theory posits the
reciprocal nature of self-efficacy and various variables (Byars and Hackett 1998).Given
that self-confidence is informed by self-efficacy, of interest to this study is how particular
personal, environmental, and behavioral factors influence engineering student STEM
confidence and how, if at all, those influences vary across different race/ethnicity and
gender groups.

Data Analysis

Analysis involved two multilevel linear regression models run using the Ime4 package
(Bates et al. 2011) in R (R Development Core Team 2011). Both models use STEM
confidence as the outcome. Multilevel modeling was used to account for the nesting of
students within schools in the data (Gelman and Hill 2007; Snijders and Bosker 1999). This
model is appropriate even with a school sample size of only 21 (Gelman and Hill 2007).
Although the distribution of the outcome measure is negatively (left) skewed, visual
examination of the residuals (predicted minus observed) revealed an approximately normal
distribution of the residuals for each model, making the assumption of normality tenable.
In addition, the normality assumption of the conditional distribution is less important when
the sample is large, so linear regression is a good fit for this analysis (Agresti and Finlay
1997).

Two models were used to first isolate any race/gender direct effects on STEM confi-
dence and then assess changes to these effects once additional social-cognitive and control
variables were added. Model 1 included 11 binary predictors: each category of race/gender
was compared with the reference category of White men. Model 2 included additional
predictor variables in order to see how these variables were related to STEM confidence, as
well as to understand how the relationship between confidence and each race/gender
category changed after controlling for these additional predictors. All predictors were
student-level variables; no school-level variables were included.

Results

Students in the sample are approximately evenly distributed between first, second, third,
and fourth year students, with an additional 762 students (about 10 %) in their fifth or sixth
year or beyond. Students report an average cumulative GPA of 3.23 with a minimum GPA
of 1.00 and a maximum GPA of 4.3. Women represent 45 % of the sample. The analytic
sample is 71 % White, 4 % African-American, 1 % Native American, 14 % Hispanic, 9 %
Asian, and <1 % Hawaiian/Pacific Islander students. In addition, 81 % report not being
first-generation Americans; 15 % report taking an engineering course prior to college; and
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35 % report using need-based scholarships to pay for college (for more descriptive sta-
tistics see Table 3).

Table 4 contains the results for both models. Model 1 shows that all race/gender groups
have either lower STEM confidence or confidence not significantly different from White
men. Groups with lower STEM confidence than White men include all female race/gender
groups, except Hawaiian/Pacific Islander and Native American women, and Asian and
Hawaiian/Pacific Islander men. The STEM confidence outcome ranges from one to five,
with five being the highest level of STEM confidence. Based on the estimates in this
model, an Asian man would be expected, on average, to be about 0.3 standard deviations
lower on STEM confidence than a White man. Since the standard deviation of STEM
confidence is 0.72, this difference is equivalent to about 0.2 points lower on a rating scale
of 1-5. Of the groups included in this model, the largest gap is between Hawaiian/Pacific
Islander men and White men, with Hawaiian/Pacific Islander men at over half a standard
deviation lower, on average.

Model 2 adds eleven additional covariates. Results indicate that Good Professors,
Student Community, Comparison to Peers, Major Desirability, Engineering Rewarding,
and GPA all have a significant, positive relationship with STEM confidence. Whether the
student is a first-generation American, has prior engineering class experience, or uses need-
based scholarships to pay for college are not significant predictors of STEM confidence.
Students whose field of study is aerospace engineering or chemical engineering have
significantly higher STEM confidence than the average; students whose field of study is
computer science have significantly lower STEM confidence than average; while students
in biomedical engineering, civil engineering, electrical and computer engineering, indus-
trial engineering, or mechanical engineering did not have significantly different STEM
confidence than the average confidence value in the sample.

In addition, race/gender categories show different significance patterns compared to
Model 1. In Model 1, African-American and Hispanic males did not have significantly
different STEM confidence compared with White males; however, in Model 2, after
controlling for associated covariates, African-American and Hispanic males actually have
significantly higher STEM confidence. In Model 2, White females continue to have lower
STEM confidence than White males while Native American males and females and
Hawaiian/Pacific Islander females remain not significantly different on confidence com-
pared with White males. Asian females and males, African-American females, Hispanic
females, and Hawaiian/Pacific Islander males all showed lower STEM confidence in
Model 1, but in Model 2 none of these groups is significantly different from White males
on confidence. Since the aggregate perception variables were standardized for analysis, as
was the STEM confidence outcome, the slope coefficients for these standardized variables
may be interpreted as standardized coefficients (Snijders and Bosker 1999). For example,
the model indicates that experience with supportive, respectful professors is positively
related to STEM confidence, with an increase of one standard deviation in students’ ratings
of satisfaction with their professors associated with a 0.15 standard deviation increase in
STEM confidence, after controlling for the effects of all the covariates in the model.
Students in their third year or later all show higher STEM confidence than first year
students, as expected. Second year students do not show a significantly different level of
confidence from those in their first year.

The multilevel model indicated very little evidence of school effects on STEM confi-
dence. The intra-class correlation coefficient (ICC) was computed to be 0.02 from the
unconditional model (a model with no predictors) with STEM confidence as the outcome.
The ICC can be interpreted as the correlation among students within the same school
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Table 4 Multilevel linear regression model results, STEM confidence outcome (PACE 2008 Survey Data)

Variable Model 1 Model 2

b SE t b SE t
Intercept 0.13%%%* 0.03 4.10 —0.12%* 0.04 —3.22
African-American male —0.11 0.08 —1.41 0.19%%* 0.06 2.95
Native American male —0.16 0.12 —1.36 0.08 0.09 0.86
Hispanic male —0.03 0.04 —0.66 0.11%%* 0.04 3.16
Asian male —0.30%** 0.06 —5.40 —0.03 0.05 —0.71
Hawaiian/Pacific Islander male —0.57* 0.25 —2.30 —0.16 0.20 —0.78
White female —0.18%** 0.03 —6.65 —0.07%* 0.02 —3.25
African-American female —0.34%%* 0.09 —3.89 0.09 0.07 1.26
Native American female —0.28 0.15 —1.87 0.03 0.12 0.24
Hispanic female —0.23%** 0.06 —3.84 0.03 0.05 0.52
Asian female —0.37%%* 0.06 —6.39 —0.08 0.05 —1.68
Hawaiian/Pacific Islander female —0.10 0.23 —0.42 0.16 0.19 0.88
Good professors® 0.13%%#% 0.01 12.26
Student community® 0.04%3* 0.01 3.66
Comparison to peers” 0.33%** 0.01 30.32
Major desirability® 0.12%%#% 0.01 11.34
Engineering rewarding® 0.13%%* 0.01 11.93
Not first generation 0.01 0.03 0.33
Prior experience —0.01 0.03 —-0.22
Need-based scholarship —0.01 0.02 —0.28
Second year 0.04 0.03 1.28
Third year 0.16%#* 0.03 5.71
Fourth year 0.24%** 0.03 8.57
Fifth year 0.35%#* 0.04 9.08
Sixth year or more 0.30%** 0.07 4.11
Aerospace 0.08* 0.03 2.16
Biomedical 0.06 0.03 1.83
Chemical 0.07%* 0.03 2.62
Civil —0.04 0.02 —1.63
Computer science —0.10* 0.04 —2.23
Electrical and computer 0.00 0.02 —0.09
Industrial —0.04 0.03 —1.22
Mechanical 0.00 0.02 —0.12
GPA* 0. 17%%% 0.01 15.49
BIC 22,217 19,080
Percent variance explained 2 % 37 %

All models based on a sample of 7,833 students and 21 schools. STEM confidence dependent variable
standardized (M = 0, SD = 1). White male used as reference category for race/gender variables; freshmen

used as reference category for class year variables

# Standardized for analysis (M = 0, SD = 1)
* p < 0.05; #* p < 0.01; #** p < 0.001
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(Gelman and Hill 2007). This small value indicates that although students are nested within
schools in the dataset, very little of the variance in STEM confidence outcomes is actually
happening at the school level.

The Bayesian Information Criterion (BIC) was used to assess model fit (Raftery 1995).
A lower BIC value indicates a better model and a difference of greater than 10 indicates
very strong evidence for the more complex model (Raftery 1995). The BIC values for these
two models are 22,217 and 19,080, respectively, with the value decreasing by more than 10
points. This indicates that the inclusion of the various demographic, student perception,
and GPA variables in Model 2 provides a better fitting model as compared with Model 1.

Results indicate that Model 1 explains 2 % of the variance in individual outcomes and
Model 2 explains 37 % of the variance in individual outcomes. These quantities were
computed based on the level one explained proportion of variance formula (7.2) in Snijders
and Bosker (1999).

Discussion

Research has shown that the academic confidence of engineering students is influenced by
a variety of factors and related to particular outcomes (Besterfield-Sacre et al. 2001;
Brainard and Carlin 1998; Burtner 2004; Goodman et al. 2002; Huang and Brainard 2001;
Metz et al. 1999; Santiago and Einarson 1998; Seymour and Hewitt 1997; Tate and Linn
2005; Vogt et al. 2007).

The extant literature sheds some light on self-efficacy and self-confidence for engi-
neering students in general, yet little is known about how academic confidence, and par-
ticularly, STEM confidence varies across the intersection of gender and race/ethnicity.
Given the underrepresentation of women and minorities in engineering, and continued
concerns about these students’ retention, this research study is unique in that it examines
how outcomes such as STEM confidence vary by specific student demographic group. It
also unpacks how STEM confidence is affected by other factors, including environmental
factors, such as experiences with professors and other students; personal factors, such as
perceptions of engineering as a field and major desirability; and behavioral factors, such as
student GPA.

After controlling for various perception and demographic variables in Model 2, we
found that two groups, with respect to race and gender, are significantly more confident
than White men; one group is still significantly less confident than White men; the
remaining groups are not significantly different from White men on STEM confidence.
When examining only the relationship between race/gender and STEM confidence (Model
1), the vast majority of the race/gender groups reported significantly lower STEM confi-
dence than White men. But once the effects of student experiences, perceptions, GPA, and
other demographic characteristics, such as year in school, are partialled from the model,
interesting findings regarding race/gender emerge.

African American and Hispanic men report higher levels of STEM confidence than
White men, after controlling for the other variables in the model. STEM confidence for
African American and Hispanic men is conditional on variables in Model 2, since these
groups did not have higher confidence than White men in Model 1. It is possible that these
students may have entered their engineering programs with significantly higher levels of
self-confidence and self-efficacy than students who did not choose engineering. That is,
there may be a selection effect occurring here. Given the disproportionate academic,
economic, and social disadvantages these students often face in high school, overcoming
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these challenges and being selected to enroll in engineering could indicate that they already
had high levels of STEM confidence.

African American men report higher STEM confidence than White men, but African
American women report similar levels to White men, after accounting for student expe-
riences and GPA. Similarly, Hispanic men report higher STEM confidence than White
men, but Hispanic women are no different than White men on reported STEM confidence.
White women, on the other hand, were lower on STEM confidence than White men, even
after controlling for various demographic and perception variables. This indicates that
there are key STEM confidence gender differences among particular race and ethnicity
groups: African American, Hispanic, and White.

Gender differences in self-confidence, specifically in the STEM fields, are not a new
finding in the education literature. Research indicates that females in engineering generally
report lower self-confidence and self-efficacy than males (Brainard and Carlin 1998; Cech
et al. 2011; Kissinger et al. 2009; Metz et al. 1999; Seymour and Hewitt 1997; Tate and
Linn 2005). Our results indicate that the gender difference in STEM confidence is pri-
marily located among White, African American, and Hispanic students. This study con-
tributes an understanding that gender differences are not indifferent to racial and ethnic
context. In fact, prior research that failed to make distinctions between different races and
ethnicities yielded findings that may have been erroneously generalized to all women.
Even after controlling for Comparison to Peers, White women still have lower STEM
confidence than White men. That is, even if a White woman and a White man both feel
they are doing relatively well compared to their peers, the woman generally has a lower
belief in her ability to succeed in STEM domains (STEM confidence).

Some research indicates that the self-confidence and self-efficacy of students of color,
particularly African American students, regardless of gender, may be undermined by the
perception that White faculty and students regard them as of lower ability, and this may be
exacerbated by the typical dearth of minority engineering faculty and students (Anderson
et al. 2006; Bonous-Hammarth 2000; Brown et al. 2005; Johnson 2007; May and Chubin
2003; Seymour and Hewitt 1997). However, the findings here do not necessarily reflect
this. To understand the findings from this study regarding African American STEM con-
fidence, the broader literature on African American students in college is instructive. For
example, Griffin (2006) suggests that African American high-achieving students have a
high sense of self-efficacy and draw on mostly internal sources of motivation for their
academic effort. Further, another study demonstrates that African American men in college
report feeling the need to work harder to prove their skills and overcome negative
impressions that others at the university might have of them (Davis et al. 2004). This
suggests that, especially for African American men, the need to over-perform might
realistically be associated with an increased sense of confidence.

A post hoc explanation for the Hispanic versus White men STEM confidence finding
also comes from the literature about Hispanic/Latino men. Specifically, some research
suggests that the second most common coping response of Latino men in college is to
utilize self-reliance and examination of past experiences (Gloria et al. 2009). This differs
from research suggesting that utilization of one’s social network of trusted others is the
primary method used by Latino men to get through difficult times (Vazquez and Garcia-
Vazquez 1995). The findings regarding self-reliance (Gloria et al. 2009) are supported by
other literature, which indicates that in Latino culture, men are often expected to solve
problems on their own and provide for their families (Aranda et al. 2001; Gloria and
Segura-Herrera 2004). These cultural expectations of self-reliance could help explain why
Hispanic men demonstrated higher levels of STEM confidence.
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Several perception and demographic variables were related to academic STEM confi-
dence. Consistent with research showing the importance of faculty relationships for student
self-confidence and self-efficacy (Huang and Brainard 2001; Marra et al. 2012; Vogt
2008), this study found the environmental variables: Good Professors, Student Community,
and Comparison to Peers, were all significantly positively related to STEM confidence.
This was also the case for the personal variables, Engineering Rewarding and Major
Desirability, and the behavioral variable, GPA. Additional demographic variables,
including class year and field of study, were also significantly related to STEM confidence.
The class year relationship was expected; as students progress in their engineering pro-
grams they should become more confident in their ability to succeed in their chosen field.

Conclusion

Distinct from other research, this study uses a social cognitive framework to examine how
student confidence in science, mathematics, and engineering courses, or STEM confidence,
varies across race/ethnicity and gender. The results demonstrate that although some
underrepresented groups may have lower STEM confidence than White men overall, this
finding no longer applies to all groups after controlling for personal, environmental, and
behavioral factors. Specifically, African-American and Hispanic men report higher average
STEM confidence than White men after controlling for student experiences, perceptions,
demographics, and GPA. In addition, White women continue to report lower average
STEM confidence than White men after controlling for these associated measures, while
other groups do not differ from White men. The results also demonstrated that many
elements of student perceptions, including those of professors, ability relative to peers,
extent to which the field is rewarding, and the desirability of chosen major, are all posi-
tively associated with student STEM confidence. As illustrated by the changing patterns of
significance in the two models, these perceptions and demographic variables have different
relationships with confidence levels for different groups. This study shows the utility of the
social cognitive framework for research related to domain-specific self-confidence.
Existing research demonstrates clear connections among self-confidence, self-efficacy,
and persistence (Bandura 1986; Brainard and Carlin 1998; Brown et al. 1989; Burtner
2004; Cordero et al. 2010; Goodman et al. 2002; Hackett et al. 1992; Huang and Brainard
2001; Lent et al. 1986; Marra et al. 2012; Metz et al. 1999; Multon et al. 1991; Pajares
1996; Santiago and Einarson 1998; Schunk 1989; Seymour and Hewitt 1997; Tate and
Linn 2005; Vogt et al. 2007); however, the literature on URM self-confidence and self-
efficacy offers mixed findings regarding differences between URM groups and majority
groups (Betz and Gwilliam 2002; Betz 2001; Gainor and Lent 1998; Pajares and Kranzler
1995; Santiago and Einarson, 1998). Understanding differences in student STEM confi-
dence for different racial/ethnic and gender groups within engineering can help educators
and policy-makers improve retention among underrepresented groups in the field. For
example, African American and Hispanic men report higher levels of STEM confidence
than White men, and African American and Hispanic women report similar levels of
STEM confidence as White men, after accounting for student experiences, perceptions and
performance. This signifies that personal, environmental, and behavioral factors play a
critical role in students’ confidence that they will be successful in STEM courses; edu-
cators can exert influence over some of these factors. In contrast, White women maintain
lower average STEM confidence than White men, even after controlling for all variables in
the models. This indicates that unmeasured factors may be the reason White women
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continue to have lower average confidence in their ability to be successful in science,
mathematics and engineering courses. These results highlight critical areas for adminis-
trators, professors, and researchers to explore further in order to develop strategies that can
improve engineering climates, help increase the STEM confidence of all students, and
contribute to student persistence in engineering.

This data came from 21 selected schools within the United States. Although these schools
represent a large proportion of enrollments in undergraduate engineering programs, the
sample of schools was not random and results should be generalized with caution. In
addition, although students were randomly sampled, certain groups were oversampled in
order to have sufficient numbers of women and minorities for analysis. As a result, the
proportions in the sample are not fully representative of the engineering undergraduate
population. In addition, the sample of Native American and Hawaiian/Pacific Islander stu-
dents in this study was not large enough to have the statistical power to make many claims
about these groups. Future research, perhaps qualitative in nature, that focuses on these
groups could provide evidence to deepen our understanding of their experiences in relation to
STEM confidence and potentially improve the retention of these students.

This analysis was limited by the survey items available. Ideally, additional associated
measures would be included, such as variables related to physiological and affective states,
also known as emotional arousal. This could help us understand if and how stereotype
threat might come into play with regard to STEM confidence, specifically for women and
underrepresented minority students (Marra et al. 2009). Given that vicarious experiences
have been found to be particularly influential on women’s self-efficacy (Cordero
et al. 2010; Hutchison et al. 2006; Zeldin and Pajares 2000), additional variables mea-
suring this concept could help illuminate how these experiences impact women’s confi-
dence. Further, outcome measures of STEM confidence specific to each domain (i.e. math,
science, and engineering) could have been used if multiple survey items were available for
each domain, which would allow for more nuanced outcomes without suffering the reli-
ability and validity limitations of using single-item measures (Silvey 1975). This study was
not able to measure any persistence outcomes directly and instead relied on claims from
the literature regarding links between confidence, self-efficacy, and persistence (Brainard
and Carlin 1998; Burtner 2004; Goodman et al. 2002; Huang and Brainard 2001; Metz
et al. 1999; Schunk 1991; Seymour and Hewitt 1997; Tate and Linn 2005).

Although this study extends the collective understanding of academic confidence,
specifically STEM confidence, for various underrepresented groups, there are still unan-
swered questions. In the future, research should investigate why some of these relation-
ships exist and attempt to explain causation. For example, interview data could be used to
further investigate why certain groups might feel more or less confident with respect to
their success in STEM courses. In addition, the relationships between student experience
variables and STEM confidence should be further investigated for each group to gain a
more nuanced view into how these relationships vary by group.

Acknowledgment Funding for the Project to Assess Climate in Engineering comes from the Alfred P.
Sloan Foundation.

References

Agresti, A., & Finlay, B. (1997). Statistical methods for the social sciences (3rd ed.). Upper Saddle River,
NJ: Prentice Hall, Inc.

@ Springer



Res High Educ (2014) 55:810-832 829

Allison, P. D. (2002). Missing data. Sage University Papers Series on Quantitative Applications in the Social
Sciences, Series No. 07-136. Thousand Oaks, CA: Sage.

American Society for Engineering Education (ASEE). (2008). 2008 undergraduate engineering enrollment
data [Data mining tool]. Retrieved from http://edms.asee.org/.

Anderson, E. L., Kim, D., & American Council on Education. (2006). Increasing the success of minority
students in science and technology. Washington, DC: American Council on Education.

Aranda, M. P., Castaneda, I., Pey-Jinan, L., & Sobel, E. (2001). Stress, social support, and coping as
predictors of depressive symptoms: Gender differences among Mexican Americans. Social Work
Research, 25, 37-49.

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavioral change. Psychological Review,
84, 191-215.

Bandura, A. (1978). The self system in reciprocal determinism. American Psychologist, 33(4), 344.

Bandura, A. (1982). Self-efficacy mechanism in human agency. American Psychology, 37, 122—147.

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs,
NI: Prentice Hall.

Bandura, A. (1989). Social cognitive theory. In R. Vasta (Ed.), Annals of child development (Vol. 6,
pp. 1-60). Greenwich, CT: JAL

Bandura, A. (1997). Self-efficacy: The exercise of control. New York: Freeman.

Bates, D., Maechler, M. & Bolker, B. (2011). Ime4: Linear mixed-effects models using S4 classes. R
package version 0.999375-42. http://CRAN.R-project.org/package=Ime4.

Besterfield-Sacre, M., Moreno, M., Shuman, L. J., & Atman, C. J. (2001). Gender and ethnicity differences
in freshmen engineering student attitudes: A cross-institutional study. Journal of Engineering Edu-
cation, 90(4), 477-489.

Betz, N. (1997). What stops women and minorities from choosing and completing majors in science and
engineering? In D. Johnson (Ed.), Minorities and girls in school: Effects on achievement and per-
formance (pp. 105-140). Thousand Oaks, CA: Sage.

Betz, N. (2001). Career self-efficacy. In F. Leong & A. Barak (Eds.), Contemporary models in vocational
psychology (pp. 55-78). Mahwah, NJ: Lawrence Erlbaum Associates.

Betz, N. E., & Gwilliam, L. R. (2002). The utility of measures of self-efficacy for the Holland themes in
African American and European American college students. Journal of Career Assessment, 10,
283-300.

Betz, N. E., & Hackett, G. (1981). The relationship of career-related self-efficacy expectations to perceived
career options in college women and men. Journal of Counseling Psychology, 28, 399—410.

Betz, N. E., & Hackett, G. (1997). Applications of self-efficacy theory to the career assessment of women.
Journal of Career Assessment, 5, 383-402.

Bliese, P. (2012). Multilevel: Multilevel functions. R package version 2.4. http://CRAN.R-project.org/
package=multilevel.

Bonous-Hammarth, M. (2000). Education pathways to success: Affirming opportunities for science,
mathematics, and engineering majors. The Journal of Negro Education, 69(1/2), 92-111.

Brainard, S. G., & Carlin, L. (1998). A six-year longitudinal study of undergraduate women in engineering
and science. Journal of Engineering Education, 87(4), 369-375.

Brainard, S. G., Metz, S. S., & Gillmore, G. M. (1999). National WEPAN pilot climate survey: Exploring
the environment for undergraduate engineering students. In 7999 WEPAN national conference
proceedings.

Brown, S. D., Lent, R. W., & Larkin, K. C. (1989). Self-efficacy as a moderator of scholastic aptitude—
academic performance relationships. Journal of Vocational Behavior, 35, 64-75.

Brown, A. R., Morning, C., & Watkins, C. (2005). Influence of African American engineering student
perceptions of campus climate on graduation rates. Journal of Engineering Education, 94(4), 263-271.

Burtner, J. (2004). Critical-to-quality factors associated with engineering student persistence: The influence
of freshman attitudes. In ASEE/IEEE frontiers in education conference proceedings.

Busch, T. (1995). Gender differences in self-efficacy and attitudes towards computers. Journal of Educa-
tional Computing Research, 12(2), 147-158.

Byars, A. M., & Hackett, G. (1998). Applications of social cognitive theory to the career development of
women of color. Applied and Preventative Psychology, 7, 255-267.

Campbell, N. K., & Hackett, G. (1986). The effects of mathematics task performance on math self-efficacy
and task interest. Journal of Vocational Behavior, 28, 149-162.

Cassidy, S., & Eachus, S. (2002). Developing the computer user self-efficacy (CUSE) scale: Investigating
the relationship between computer self-efficacy, gender and experience with computers. Journal of
Educational Computing Research, 26(2), 133-153.

@ Springer


http://edms.asee.org/
http://CRAN.R-project.org/package=lme4
http://CRAN.R-project.org/package=multilevel
http://CRAN.R-project.org/package=multilevel

830 Res High Educ (2014) 55:810-832

Cech, E., Rubineau, B., Silbey, S., & Seron, C. (2011). Professional role confidence and gendered persis-
tence in engineering. American Sociological Review, 76(5), 641-666.

Colbeck, C. L., Cabrerea, A. F., & Terenzini, P. T. (2006). Learning professional confidence: Linking
teaching practices, students’ self-perceptions, and gender. The Review of Higher Education, 24(2),
173-191.

Cole, D., & Espinoza, A. (2008). Examining the academic success of Latino students in science technology
engineering and mathematics (STEM) majors. Journal of College Student Development, 49(4),
285-300.

Commission on Professionals in Science and Technology. (2009). Data derived from Engineering Work-
force Commission (EWC), Engineering and Technology Enrollments, 2008. Provided to University of
Washington Center for Workforce Development.

Committee on Public Understanding of Engineering Messages, National Academy of Engineering. (2008).
Changing the conversation: Messages for improving public understanding of engineering. PDF
downloaded from http://www.nap.edu/catalog/12187.html.

Cordero, E. D., Porter, S. H., Israel, T., & Brown, M. T. (2010). Math and science pursuits: A self-efficacy
intervention comparison study. Journal of Career Assessment, 18, 362.

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests. Psychometrika, 16, 297-334.

Crothers, L. M., Hughes, T. L., & Morine, K. A. (2008). Theory and cases in school-based consultation.
New York: Routledge.

Davis, M., Dias-Bowie, Y., & Greenberg, K. (2004). “A fly in the buttermilk:” Descriptions of university
life by successful Black undergraduate students at a predominately white southeastern university. The
Journal of Higher Education, 75(4), 420—445.

French, B. F., Immekus, J. C., & Oakes, W. C. (2005). An examination of indicators of engineering students’
success and persistence. Journal of Engineering Education, 94(4), 419-425.

Gainor, K. A. (2006). Twenty-five years of self-efficacy in career assessment and practice. Journal of Career
Assessment, 14, 161-178.

Gainor, K. A., & Lent, R. W. (1998). Social cognitive expectations and racial identity attitudes in predicting
the math choice intentions of Black college students. Journal of Counseling Psychology, 45, 403—413.

Garrido, L. E., Abad, F. J., & Ponsoda, V. (2011). Performance of Velicer’s minimum average partial factor
retention method with categorical variables. Educational and Psychological Measurement, 17(2),
551-570.

Gelman, A., & Hill, J. (2007). Data analysis using regression and multilevel/hierarchical models. New
York: Cambridge University Press.

Gibbons, M. (2008). Profiles of engineering and engineering technology colleges. Washington, DC:
American Society for Engineering Education.

Gist, M. E. (1987). Self-efficacy: Implications for organizational behavior and human resource management.
Academy of Management Review, 12, 472-485.

Gist, M. E., Schwoerer, C., & Rosen, B. (1989). Effects of alternative training methods on self-efficacy and
performance in computer software training. Journal of Applied Psychology, 74, 884-891.

Gloria, A. M., & Segura-Herrera, T. A. (2004). Ambrocia and Omar go to college: A psychosociocultural
examination of Chicana/os in higher education. In R. J. Velasquez, L. M. Arellano, & B. W. McNeill
(Eds.), The handbook of Chicana/o psychology and mental health (pp. 401-425). Mahwah, NJ:
Lawrence Erlbaum.

Gloria, A. M., Castellanos, J., Scull, N. C., & Villegas, F. J. (2009). Psychological coping and well-being of
male Latino undergraduates : Sobreviviendo la universida. Hispanic Journal of Behavioral Sciences,
31(3), 317-339.

Goodman, I. F., Cunningham, C. M., Lachapelle, C., Thompson, M., Bittinger, K., & Brennan, R. T. et al.
(2002). Final report of women’s experiences in college engineering (WECE) project. Retrieved
November 10, 2003, from http://www.gginc.com.

Greenstein, B. (2000). Students’ perceptions of the racial climate on campus and in the classroom and the
relationship with academic self-efficacy and academic and intellectual development. Dissertation
Abstracts International, 61(4), 1316A (UMI No. 9967904).

Griffin, K. (2006). Striving for success: A qualitative exploration of competing theories of high-achieving
Black college students’ academic motivation. Journal of College Student Development, 47(4),
384-400.

Gwilliam, L. R., & Betz, N. E. (2001). Validity of measures of math- and science-related self-efficacy for
African Americans and European Americans. Journal of Career Assessment, 9, 261-281.

Hackett, G., & Betz, N. E. (1981). A self-efficacy approach to the career development of women. Journal of
Vocational Behavior, 18, 326-339.

@ Springer


http://www.nap.edu/catalog/12187.html
http://www.gginc.com

Res High Educ (2014) 55:810-832 831

Hackett, G., & Campbell, N. K. (1987). Task self-efficacy and task interest as a function of performance on a
gender-neutral task. Journal of Vocational Behavior, 30, 203-215.

Hackett, G., Betz, N. E., Casas, J. M., & Rocha-Singh, I. (1992). Gender, ethnicity, and social cognitive
factors predicting the academic achievement of students in engineering. Journal of Counseling Psy-
chology, 39, 527-538.

Hawks, B. K., & Spade, J. Z. (1998). Women and men engineering students: Anticipation of family and
work roles. Journal of Engineering Education, 87(3), 249-256.

Huang, P. M., & Brainard, S. G. (2001). Identifying determinants of academic self-confidence among
science, math, engineering and technology students. Journal of Women and Minorities in Science and
Engineering, 7, 317-339.

Hutchison, M. A., Follman, D. K., Sumpter, M., & Bodner, G. M. (2006). Factors influencing the self-
efficacy beliefs of first-year engineering students. Journal of Engineering Education, 95(1), 39-47.

Jiang, X., & Freeman, S. (2011). An analysis of the effect of cognitive factors on students’ attritions in
engineering: A literature review. In Proceedings of the American Society for Quality STEM agenda
conference.

Johnson, A. C. (2007). Unintended consequences: How science professors discourage women of color.
Science Education, 91(5), 805-821.

Kaplowitz, M. D., Hadlock, T. D., & Levine, R. (2004). A comparison of web and mail survey response
rates. Public Opinion Quarterly, 68, 94-101.

Kissinger, J., Campbell, R. C., Lombrozo, A., & Wilson, D. (2009). The role of gender in belonging and
sense of community. In Proceedings of the 39th IEEE international frontiers in education conference.

Kwak, N., & Radler, B. (2002). A comparison between mail and web surveys: Response pattern, respondent
profile and data quality. Journal of Official Statistics, 18, 257-273.

Laanan, F. S. (2004). Studying transfer students: Part I: Instrument design and implications. Community
College Journal of Research and Practice, 28, 331-351.

Lapan, R. T., Boggs, K. R., & Morrill, W. H. (1989). Self-efficacy as a mediator of investigative and
realistic General Occupational Themes on the Strong-Campbell Interest Inventory. Journal of Coun-
seling Psychology, 36(2), 176-182.

Lent, R. W., Brown, S. D., & Larkin, K. C. (1986). Self-efficacy in the prediction of academic performance
and perceived career options. Journal of Counseling Psychology, 33, 165-169.

Lent, R. W., Brown, S. D., & Hackett, R. G. (1994). Toward a unifying social cognitive theory of career and
academic interest, choice, and performance [Monograph]. Journal of Vocational Behavior, 45, 79-122.

Lent, R. W., Hackett, G., & Brown, S. D. (1996). A social cognitive framework for studying career choice
and transition to work. Journal of Vocational Education Research, 21(4), 3-31.

Lindley, L. D. (2006). The paradox of self-efficacy: Research with diverse populations. Journal of Career
Assessment, 14, 143-160.

Litzler, E., & Young, J. (2012). Understanding the risk of attrition in undergraduate engineering: Results
from the project to assess climate in engineering. Journal of Engineering Education, 101(2), 319-345.

Marra, R. M., Schuurman, M., Moore, C., & Bogue, B. (2005). Women engineering students’ self-efficacy
beliefs—The longitudinal picture. In Proceedings of the annual meeting of the American Society for
Engineering Education annual conference and exposition, Portland, OR.

Marra, R. M., Rodgers, K. A., Shen, D., & Bogue, B. (2009). Women engineering students and self-efficacy:
A multi-year, multi-institution study of women engineering student self-efficacy. Journal of Engi-
neering Education, 98(1), 27-38.

Marra, R. M., Shen, D., Rodgers, K. A., & Bogue, B. (2012). Leaving engineering: A multi-year single
institution study. Journal of Engineering Education, 101(1), 6-27.

May, G. S., & Chubin, D. E. (2003). A retrospective on undergraduate engineering success for underrep-
resented minority students. Journal of Engineering Education, 92(1), 27-39.

Meece, J. L., & Courtney, D. P. (1992). Gender differences in students’ perceptions: Consequences for
achievement-related choices. In D. H. Schunk & J. L. Meece (Eds.), Students’ perceptions in the
classroom (pp. 209-228). Hillsdale, NJ: Lawrence Erlbaum.

Metz, S. S., Brainard, S., & Gillmore, G. (1999). WEPAN pilot climate survey: Exploring the environment
for undergraduate engineering students. In Proceedings of the 1999 IEEE/ISTAS conference on women
and technology: Historical and professional perspective (pp. 61-71).

Multon, K. D., Brown, S. D., & Lent, R. W. (1991). Relation of self-efficacy beliefs to academic outcomes:
A meta-analytic investigation. Journal of Counseling Psychology, 38(1), 30-38.

Nauta, M. M., Epperson, D., & Kahn, J. (1998). A multiple-groups analysis of predictors of higher level
career aspirations among women in mathematics, science, and engineering majors. Journal of
Counseling Psychology, 45(4), 483—496.

@ Springer



832 Res High Educ (2014) 55:810-832

Ngambeki, I. B., & Evangelou, D. (2011). Exploring the motivations for migration among engineering
students. In 2011 ASEE conference proceedings.

Pajares, F. (1996). Self-efficacy beliefs in academic settings. Review of Educational Research, 66(4),
543-578.

Pajares, F., & Kranzler, J. (1995). Self-efficacy beliefs and general mental ability in mathematical problem-
solving. Contemporary Educational Psychology, 20(4), 426—443.

Pajares, F., & Miller, M. D. (1994). Role of self-efficacy and self-concept beliefs in mathematical problem
solving: A path analysis. Journal of Educational Psychology, 86(2), 193-203.

Pascarella, E. T., Smart, J. C., Ethington, C., & Nettles, M. (1987). The influence of college on self-concept:
A consideration of race and gender differences. American Educational Research Journal, 24(1),
49-717.

Ponton, M. K., Edmister, J. H., Ukeiley, L. S., & Seiner, J. M. (2001). Understanding the role of self-efficacy
in engineering education. Journal of Engineering Education, 90(2), 247-251.

R Development Core Team. (2011). R: A language and environment for statistical computing. R Foundation
for Statistical Computing, Vienna. ISBN 3-900051-07-0. http://www.R-project.org/.

Raftery, A. E. (1995). Bayesian model selection in social research. Sociological Methodology, 25, 111-163.

Reichert, M., & Absher, M. (1997). Taking another look at educating African American engineers: The
importance of undergraduate retention. Journal of Engineering Education, 86, 241-253.

Revelle, W., & Rocklin, T. (1979). Very simple structure: An alternative procedure for estimating the
optimal number of interpretable factors. Multivariate Behavioral Research, 14, 403—414.

Rosenberg, M., & Kaplan, H. B. (1982). Social psychology of the self-concept. Arlington Heights, IL: Harlan
Davidson.

Santiago, A. M., & Einarson, M. K. (1998). Background characteristics as predictors of academic self-
confidence and academic self-efficacy among graduate, science and engineering students. Research in
Higher Education, 39(2), 163—-198.

Schunk, D. H. (1981). Modeling and attributional effects on children’s achievement: A self-efficacy ana-
lysis. Journal of Educational Psychology, 73, 93-105.

Schunk, D. H. (1982). Self-efficacy perspectives on achievement behavior. Based on an address given at the
90th annual convention of the American Psychological Association, Washington, DC, August 23-27,
1982.

Schunk, D. H. (1989). Self-efficacy and cognitive skill learning. In C. Ames & R. Ames (Eds.), Research on
motivation in education: Goals and cognitions (Vol. 3, pp. 13-44). San Diego: Academic.

Schunk, D. H. (1991). Self-efficacy and academic motivation. Educational Psychologist, 26, 207-231.

Seymour, E., & Hewitt, N. M. (1997). Talking about leaving: Why undergraduates leave the sciences.
Boulder, CO: Westview Press.

Shavelson, R. J., & Bolus, R. (1982). Self-concept: The interplay of theory and methods. Journal of
Educational Psychology, 74, 3—17.

Silvey, J. (1975). Deciphering data: The analysis of social surveys. New York: Longman Group Limited.

Sinkele, C. N., & Mupinga, D. M. (2011). The effectiveness of engineering workshops in attracting females
into engineering fields: A review of the literature. The Clearing House, 84(1), 37-42.

Snijders, T., & Bosker, R. (1999). Multilevel analysis: An introduction to basic and advanced multilevel
modeling. London: Sage Publications.

Tate, E. D., & Linn, M. C. (2005). How does identity shape the experiences of women of color engineering
students? Journal of Science Education and Technology, 14(5/6), 483-493.

Terrel, N. (2007). STEM occupations: High-tech jobs for a high-tech economy. Occupational Outlook
Quarterly Online, 51(1). Retrieved from http://www.bls.gov/opub/ooq/2007/spring/artO4.htm.

Viazquez, L. A., & Garcia-Vazquez, E. (1995). Variables of success and stress with Mexican American
students. College Student Journal, 29, 221-226.

Vogt, C. (2003). An account of women’s progress in engineering: A social cognitive perspective. Journal of
Women and Minorities in Science and Engineering, 9, 217-238.

Vogt, K. E. (2005). Asian American women in science, engineering, and mathematics: Background con-
textual and college environment influences on self-efficacy and academic achievement. Doctoral
Dissertation. Retrieved from ProQuest.

Vogt, C. M. (2008). Faculty as a critical juncture in student retention and performance in engineering
programs. Journal of Engineering Education, 97(1), 27-36.

Vogt, C. M., Hocevar, D., & Hagedorn, L. S. (2007). A social cognitive construct validation: Determining
women’s and men’s success in engineering programs. The Journal of Higher Education, 78, 337-364.

Zeldin, A. L., & Pajares, F. (2000). Against the odds: Self-efficacy beliefs of women in mathematical,
scientific, and technological careers. American Educational Research Journal, 37(1), 215-246.

@ Springer


http://www.R-project.org/
http://www.bls.gov/opub/ooq/2007/spring/art04.htm

	Breaking it Down: Engineering Student STEM Confidence at the Intersection of Race/Ethnicity and Gender
	Abstract
	Social Cognitive, Self-Efficacy and Self-Concept Theories
	Self-Confidence, Self-Efficacy, Gender, and Race/Ethnicity
	Self-Confidence, Self-Efficacy, and Personal Factors
	Self-Confidence, Self-Efficacy, and Environmental Factors
	Self-Confidence, Self-Efficacy, and Behavioral Factors
	Method
	Sample
	Instrument
	Measures
	Data Analysis

	Results
	Discussion
	Conclusion
	Acknowledgment
	References


