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May and Chubin (2003) pointed to seven key factors that contribute to the success and consequent
retention of minority students pursuing undergraduate and graduate degrees in STEM: pre-college
preparation, recruitment programs, admissions policies, financial assistance, academic intervention
programs, and graduate school preparation and admission. Arguably, these factors, while important in
STEM specifically, may be deemed crucial elements for minority students in general, regardless of
academic major. In fact, the literature on minority student retention as a whole has promoted each of these
factors in some form or another (e.g., Fenske, Porter, & DuBrock, 2000; Rivera-Mosquera et al., 2005;
Swail, Redd, & Perna, 2003). It is important to note, however, that retention concerns have not had a
blanket effect across all STEM fields and ethnic groups. For example, fields like biology and chemistry have
achieved and in some cases, exceeded relative gender equality in degrees conferred. In 2006, women
received 59.7 percent of the bachelor’'s degrees awarded in biological and agricultural sciences, and 42
percent of those awarded in physical science fields such as chemistry and physics. However, women
received only 19.5 percent of bachelor's degrees awarded in engineering (National Science Foundation,
2008).

In general, graduation rates are not proportionate to the general population across all ethnic groups. In
2004, Asian students represented approximately 11.8 percent of bachelor's degrees awarded in
engineering, despite representing only 3.7 percent of the United States population. Conversely, African
American, Hispanic, and Native American students garnered 5 percent, 6.9 percent and .5 percent of
engineering degrees while representing 12 percent, 11.5 percent and .79 percent, respectively, of the total
U.S. population (National Science Foundation, 2006). Thus, it is important to be sensitive to cultural
practices and beliefs that may contribute to students’ potential to be retained in STEM programs. For
example, the overrepresentation of Asians in STEM fields might be explained as the result of their
collectivistic, family-oriented culture, where in excelling in a chosen program of study, regardless of the
cost, ultimately serves a group goal by portraying the family in a positive way. For African American and
Hispanic students, negative views of their cultural backgrounds or family settings may interfere with
students’ ability to focus and feel positively about their academic abilities.

When gender and minority status are compounded, the scales are especially unbalanced. Bachelor's
degrees awarded to African American, Hispanic, and Native American women represented 13, 10.9, and
.01 percent, respectively, of the total number of bachelor's degrees awarded to women in 2004. However,
among women awarded bachelor’s degrees in science and engineering, the figures for African American
and Hispanic women are 10.7 and 8.1 percent. Only Native American women had a higher representation
in science and engineering than overall, garnering .8 percent of all of the bachelor's degrees awarded to
women in science and engineering.

The aim of this paper is to understand retention of underrepresented students such as women and those
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from particular ethnic backgrounds in STEM disciplines by understanding these students’ thought
processes and experiences as they navigate their programs. To do this, a brief overview of recent work on
college student retention is given, with special attention given to the applicability of that literature to women
and minorities in STEM. Then, students’ attitudes towards their STEM programs, their self-efficacy beliefs
in their ability to complete their graduate or undergraduate program, and the relationship between their self-
efficacy and motivation to do so are discussed. This discussion is followed by policy implications and
concludes with directions for further research.

Models of Retention

Drawing from the work of Van Gennep’s (1960) idea of three stages that exist in the rites of passage,
Vincent Tinto (1988) proposed three parallel stages of student departure from college: separation,
transition, and incorporation. The overarching idea behind Tinto’s application of VanGennep’s stages to
retention at the college level was that retention was most likely to occur when students were able to
transition successfully from their past associations (e.g., family home, high school, and neighborhood family
networks) to full integration into a new social role or situation (college). Tinto (1975) acknowledged that the
task of fully separating from past associations would be harder for students with a home environment
significantly different from the college atmosphere, yet insisted that such separation was necessary for full
integration into the campus climate, and consequently, for students’ retention in that climate. In 1993, Tinto
argued that it might not only be impossible to expect full separation from the students’ home lives, but that
retaining such home ties may actually aid, rather than hinder, integration and consequent retention at the
college level, especially for minority students entering a predominantly White college atmosphere.

Underlying Tinto’s (1975) original stage or status-based retention theory were psychological mechanisms
that made each stage possible. For example, the final stage in the process, incorporation, involves a
complete relinquishing of past associations and a full involvement in the new environment. Such a switch
suggests a shift in identity. It was the goal of Bean and Eaton (2000) to revise Tinto's (1975) model,
explicitly indicating the psychological processes inherent in that model. Noting the failure of Bean and
Eaton (2000) to consider the role that culture and racialized experiences may play in the retention of
minority students, particularly those attending predominantly White institutions (PWIs), Rodgers and
Summers (2008) proposed and tested revisions to Bean and Eaton’s (2000) model (Figure 1). The authors
suggested that, due to unique cultural experiences, the retention process (or those constructs deemed
important for retention) likely looked different for minority student populations.

As suggested by Rodgers and Summers (2008), it is important to question our assumptions regarding the
elements that are deemed necessary for success and retention of students in programs and general
academic spaces in which they are the minority due to race, ethnicity, or gender. In the following sections,
several psychological processes deemed important in the retention process and their implications for the
retention of women and other underrepresented students in STEM disciplines will be discussed.
Specifically, this overview focuses on students’ attitudes, self-efficacy and motivation, and the relationship
of each to retention outcomes.

Attitudes

One of the most significant adjustments that Rodgers and Summers (2008) made to Bean and Eaton’s
(2000) model was positioning attitudes toward the institution (or in the present discussion, toward the
major) as a precursor to, rather than an outcome of, psychological processes. The authors contend that in

order to positively influence students’ psychological processes (e.qg., self-efficacy, motivation), institutions
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must first positively affect students’ attitudes, particularly students operating in an environment in which
they are the minority. Bean and Eaton proposed that students’ attitudes were the result of a reciprocal
commitment between student and institution: institutional commitment to the student and students’ feelings
of commitment to the institution. Institutions demonstrate their commitment to students via visible faculty
and academic support, and by demonstrating a respect for things students of particular ethnic or gender
groups find important. For example, university support of cultural events like concerts, speakers and special
student groups. Reciprocally, students’ commitment to the institution can be the result of perceptions of
campus climate and feelings of belongingness.

Entry Environmental
characteristics Interactions Attitudes Psychological Processes
Self-efficacy
Mastery experiences
Student background Commitment to the Role models
e Socil & e Emotionl responses
Academic . . .
Cultural norms | | ; — Perceived —> to education program |-  Retention
. o Interactions L .
Prior motivation Institutional fit /
Belongingness Motivation
Expectancy of success
Value placed on degree
completion

Figure 1. Retention Model (adapted from Bean & Eaton, 2000; Rodgers & Summers, 2008).

Campus & STEM Climate

Cabrera, Nora, Terenzini, Pascarella, and Hagedorn (1999) describe retention models that emphasize a
reciprocal commitment between students and their universities as demonstrating a Student-Institution Fit
perspective. This perspective is useful in explaining the institutional maladjustment of some minority
students. According to the authors, when students perceive the campus climate to be intolerant of a
particular subculture (ethnic, gender, sexuality-based, etc.), this creates a barrier between student
members of that subculture and institutional resources deemed useful and necessary for academic success
and satisfaction. When they encounter problems, students become less likely to seek academic support
from faculty and peers. They are less willing to be involved with campus activities that might serve to
increase their feelings of social and academic integration (Tinto, 1975), thereby decreasing the likelihood
that they will remain at the institution.

Hurtado, Griffin, Arellano, and Cuellar (2008) describe the psychological climate as only one component of
the total campus climate. The authors differentiate it from the structural climate, which refers mainly to the
physical representation (in the context of the present discussion) of women and underrepresented students
in STEM programs at undergraduate and graduate levels. Thus, in fields such as the physical sciences that
have reached equity in attracting and retaining traditionally underrepresented students, students may
continue to enroll in these programs while not necessarily perceiving the psychological climate to be
welcoming, but due, in part, on the visibility of other underrepresented students.
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The diverse sample ofundergraduate male and female students in de Pillis and de Pillis’ (2008) study of
gender-based undertones in engineering school mission statements expressed that there were clear
masculinized sentiments inherent in the mission statements that evoked a sense of intolerance for traits
and behaviors generally associated with women, such as being soft spoken, eager to soothe feelings, or
likable. Instead, participants inferred a preference for students who might be described as “forceful” or
“dominant,” characteristics often associated with men. The African American, Hispanic, and Native
American female graduate students in Johnson’s (2007) study also pointed to a science culture in which
one must be visible and vocal to be successful. . This is in opposition to the socialization of many women,
wherein women are sometimes expected to be seen and not heard. These criteria were strengthened for
women of color, despite Hanson’s (2004) contention that, due to cultural beliefs regarding womanhood and
the family structure, African American women in particular should be ideal candidates for survival in a
STEM program.

Belongingness

The women in Johnson’s (2007) study of science professors’ discouragement cited the oft-used lecture-
style courses as a serious barrier to their feelings of belongingness. Indeed, lecture style classes have long
been discussed in terms of the significant challenges that they propose for all students while proposing a
bevy of solutions (e. g. Jones, 2007; Cooper & Robinson, 2000; Saville, Zinn, Neef, Van Norman & Ferreri,
2006). . However, the format may be especially damaging for women and members of ethnic minority
groups. The accessibility of faculty relationships in many STEM fields is crucial for women, especially those
from underrepresented ethnic groups. Faculty relationships have been shown to be effective in influencing
academic achievement and persistence, particularly for students in academic spaces where they are the
minority (see Cabrera, et al., 1999; Cokley & Chapman, 2008; Hurtado & Ponjuan, 2005).

In her qualitative examination of the dynamics of graduate students in a research methods course,
Diangelo (2006) observed a lack of participation on the part of several Asian and Asian American female
students. This result was especially curious because in this particular class on a predominantly White
campus, Asian students were in the majority; yet most of the participation was aimed at and included the
few White male students, and to a lesser extent, White females. A woman in Robinson and Mcllwee’s
(1991) study explained her decision to leave her engineering position for a position in marketing partially as
the result of feelings of alienation by male students:

[In the lab] it was hard, | had to fight all the time. Marketing was more natural for me. | seemed to

be much more accepted.... [In the lab] | wouldn't get the feedback from the other guys, so | was

constantly feeling like | wasn’t as good... (p. 412)

In the graduate research methods course, Diangelo (2006) also observed that the professor engaged the
White male students more and was noticeably dismissive of the contributions of female students and
completely overlooked non-White students.

Blickenstaff (2005) also cites pedagogical style as a possible deterrent of women and underrepresented
students from pursuing or being retained in STEM fields. However, this deterrent extends beyond
pedagogical implications. The women in Johnson’s study (2007) expressed that the aggressive and
competitive pedagogical style that tends to favor White males not only put the women at an academic
disadvantage, but also left them feeling alienated and unable to forge relationships with professors. This is

a crucial element of success in STEM programs, because close relationships with faculty are necessary for
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letters of recommendation to graduate and professional schools and additional opportunities to participate
in grant research. As a result, women and students from cultural backgrounds that eschew this aggressive
and competitive approach to education end up in danger of being left out, resulting in feelings of exclusion
and lack of belongingness within the program.

Psychological Aspects of Retention

Rodgers and Summers (2008) proposed the inclusion of several psychological constructs in any discussion
of minority college student retention. Among them, the authors addressed the role of self-efficacy and
motivation in the retention process. Both will be discussed in the following sections.

Self-efficacy

Bandura (1977) described self-efficacy as “the beliefs in one’s capacity to organize and execute the
courses of action required to produce given attainments” (p. 3). That is, self-efficacy refers to one’s belief
that he or she can deal with a specific task or situation and reach a particular goal. This discussion of self-
efficacy will specifically address students’ beliefs in the likelihood that they can complete an undergraduate
or graduate degree in a STEM discipline. Pajares (1996) states that self-efficacy affects the choices that
one makes, how hard one works at a task, and how long one perseveres when the task is problematic and
difficult. One’s self-efficacy regarding a task or situation also has implications for the affective domain.
Bandura (1977) indicated four sources from which we assess the likelihood that we can successfully reach
a given attainment: 1) mastery experiences, 2) social persuasion, 3) vicarious experiences, and 4)
emotional and physiological states. (For more on Self-Efficacy, see the ARP series by Rittmayer (2008).

Mastery experiences refer to the opportunities that one has had in accomplishing similar tasks or goals. It
also encompasses the discrete knowledge that one possesses that is deemed necessary for completion of
the attainment. This includes not only having an appropriate background in key academic areas, but also
having experienced a measure of academic success. In fact, the findings of Besterfield-Sacre, Moreno,
Shuman, and Atman (2001) and Arnette (2004) suggests that simple preparation in math and science fields
is insufficient for the positive mastery experience that is important for high self-efficacy in the completion of
degrees in STEM fields.

Instead, these authors indicate that another of Bandura’s sources, social persuasion, may more fully
explain the gap that exists between the ability of STEM disciplines to attract and retain women and other
underrepresented students. Social persuasion refers to the influence that others have in a particular
context. In the academic context it describes, for example, faculty encouraging and offering students
support. Parents, friends, and significant others can also serve as effective social persuaders in that they
may provide the social support necessary for students to thrive in an academic environment where they are
underrepresented and sometimes overlooked. The literature on the importance of social support,
particularly for the academic success of ethnic minority and female students in college and STEM
disciplines, is extensive. Much of the literature focuses on the support, or lack thereof, that ethnic and
gender minority students perceive in their relationships with faculty (e.qg., Aluede, Imahe, & Imahe, 2002;
Bradburn, 1995; Solarzano, Ceja, & Yo0sso, 2000; Zeldin & Pajares, 2000).

Solarzano, Ceja, and Yosso (2000) examined the concept of racial microagressions (covert incidences of
racially-charged experiences) and the effect these microaggressions had on relationships undergraduate
students had with classmates and faculty. The authors found that such incidences created a barrier of

discomfort between minority students and many White faculty to the extent that students did not deem
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faculty to be supportive or approachable when problems and concerns with the course arose. Students also
indicated these poor relationships with faculty, combined with microaggressions, instilled feelings of self-
doubt about their academic abilities. Similarly, in their study of women in STEM disciplines, Zeldin and
Pajares (2000) found that faculty support was linked to women'’s positive self-efficacy in STEM fields.

Bandura'’s third source of efficacy expectations, vicarious experiences, points to the importance of relevant
role models for women and underrepresented students pursuing careers in STEM disciplines. Among the
possible relevant models are female and ethnic minority STEM professionals, both in the university
classroom and in other spaces in which students might operate (e.g., labs, internship companies, career
mentor programs). In examining the relationship between faculty models and students’ major choice, Rask
and Bailey (2002) found a correlation between the number of women who pursue careers in STEM
disciplines and the number of female faculty in these disciplines.

The major contribution of relevant models in STEM is the creation of possible selves for women and
underrepresented students (Packard & Nguyen, 2003). High school girls of varying ethnic backgrounds in
Packard and Nguyen’s (2003) study of the factors influencing students’ intended career path indicated that
mentoring relationships with women in STEM were influential in their perceived possible selves, making it
easier for them to envision themselves pursuing studies in similar areas. Similar results regarding the
importance of female mentors and role models have been found in a plethora of studies (e.g., Bettinger &
Long, 2005; Cohoon, 2002; Downing, Croshy, & Blake-Beard, 2005) as well as in work addressing role
modeling and mentoring for students from underrepresented ethnic groups (Gasbarra & Johnson, 2007,
Habrowski & Maton, 2009). Contact with relevant role models can play a role in influencing students’
motivation to pursue and complete a course of study that leads to a STEM-related career.

The most oft utilized mentoring model is the expert-protégé model, wherein students interact with faculty
and others serving in a mentoring capacity on a one-on-one basis. However, other mentoring models that
stem from gender and cultural norms may be used in conjunction with the expert-protégé model to enhance
the functionality of the mentoring relationships. For example, in their study of academic persistence of
Native American college students, Jackson, Smith, and Hill (2003) found that family support, faculty
warmth, and “structured” social support (peer groups, other faculty) were instrumental in students’
persistence. These various modes of mentoring indicate the effectiveness of a community style of
mentoring for Native American students, as well as for women and students from ethnic backgrounds that
emphasize group goals and responsibility over individual expectations (e.g., Gloria & Rodriguez, 2005;
Sanchez, Esparza, & Colon, 2008).

Steele and Aronson (1995) proposed the idea of stereotype threat, which is described by Marra, Rodgers,
Shen, and Bogue (2009) as “debilitating performance anxiety for individuals who are members of a group
for which there is a negative stereotype related to the task” (see also Singletary, Ruggs & Hebl, 2009)
Stereotype threat effectively illustrates Bandura’s (1977) idea of emotional andphysiological states as
significantly affecting one’s self-efficacy. Although originally conceptualized to offer partial explanation of
the lower test performance of African Americans compared to students of other racial and ethnic groups,
stereotype threat has also been tested and found to be a significant contributor to the academic
performance of women and students from underrepresented ethnic backgrounds in STEM disciplines
(Bergeron, Block, & Echtenkamp, 2006; Kellow & Jones, 2008; Kiefer & Sekaquaptewa, 2007; Ryan &
Ryan, 2005). Thus, the anxiety associated with women'’s fears that they might confirm the negative

stereotypes associated with female achievement in STEM actually hinders their performance on academic
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tasks. The African American and Hispanic men and women interviewed in Hurtado, Cabrera, Lin, Arellano,
and Espinosa’s (2008) study of the experiences of underrepresented minority undergraduate students in
science expressed concern regarding how their abilities were perceived, both as the result of their
participation in minority-focused research programs and the assumptions others made based on their
enrollment at minority-serving institutions. For more on stereotype threat, see the ARP series by Singletary,
Ruggs & Hebl (2009).

Motivation

In 1983, Eccles, Adler, Futterman, Goff, Kaczala, Meece, and Midley proposed that motivation was the
result of an interaction between expectancy for success and task value; symbolically, Motivation =
Expectancy x Value. This model is useful when thinking about what influences women and
underrepresented students to seek and complete STEM-based college degrees.

Cox and Whaley (2004) state that expectancy for success has two components: beliefs about the self and
one’s perception of the likelihood for success. Rodgers (2008) places the authors’ description within an
academic realm, describing these components as referring to academic self-concept (“beliefs about the
self”) and task-specific self-efficacy (“what individuals view as their probability for success at a specific
task”). The present discussion will particularly address students’ global sense of themselves as
mathematicians, scientists, engineers, etc., and what they believe to be their chances of completing a
STEM degree at either the undergraduate or graduate level. The previous section addressed students’ self-
efficacy in STEM and its effects on program involvement and retention, so duplication of that discussion will
be avoided here with the focus placed on students’ self-concept in STEM.

In his self-concept implementation theory, Super (1953) proposed that in choosing a career path,
individuals attempt to coordinate their own self-image with one that is associated with a possible career
choice. So, in the context of Eccles et al.’s (1983) model, students’ derive their perceptions of themselves
as mathematicians, scientists, engineers, etc., at least in part, from the images of existing professionals in
those fields.

The Black female high school students who participated in Parsons’ (1997) examination of the images
Black females held of scientists generally (11 out of 20 participants) described a typical scientist as “an
unattractive, funny-looking, middle-aged White man” (p. 757). Such perceptions of scientists may influence
female and ethnic minority students’ conceptualization of their possible selves, which can negatively affect
their perceptions of the likelihood they can succeed in fields dominated by professionals unlike themselves.
Their viewpoint also suggests an inherent belief that only “middle-aged White” men complete degrees in
science. Such thinking points to external attributions (Weiner, 1979) and creates a convenient “out” when
students encounter hurdles during their programs. That is, perceptions of STEM professionals as non-
female and non-minority may promote reasoning such as, “My struggles are not due to my lack of effort and
commitment to completing my degree but to the likelihood that this degree is not really for people like me.”

Lent et al. (2005) applied the tenets of social cognitive theory (Bandura, 1989), which envelops expectancy
for success, to a sample of African American engineering students attending two historically Black colleges
(HBCU) and one predominantly White institution (PWI). Students attending HBCUs expressed higher self-
efficacy, more positive outcome expectations, technical interests, and perceived more social support than
did those students attending the predominantly White institution. The authors explain this finding as
possibly indicative of an emphasis on same-race mentoring and role-modeling at HBCUs compared to

PWIs, suggesting that HBCUs, particularly in STEM fields, may offer African American students an
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advantage. Seymour (1995) suggested similar experiences among students of different ethnic groups in
varying academic environments. For example, in a sample of Latino/a undergraduate students from various
disciplines, Gloria, Castellanos, Lopez, and Rosales (2005) found that social support and university comfort
were the stronger predictors of non-persistence than student self-beliefs. Gloria and Rodriguez (2000)
emphasized the particular importance of Hispanic/Latino mentors for Hispanic/Latino students’ academic
success and persistence, pointing to the community orientation of many Hispanic cultures.

Eccles et al. (1983) identified four components of task value: cost, interest value, utility value, and
attainment value. Cost refers to what one must give up in order to pursue a goal or task. Interest value
refers to the extrinsic or intrinsic rewards or incentives that one receives as the result of participating in a
task (Cox & Whaley, 2004). Utility value and attainment value describe students’ perceptions of the
usefulness of a task and what one has to gain by completing the task, respectively.

The cost dimension of task value is of particular interest when discussing retention of women and
underrepresented students in STEM. The literature on the retention of underrepresented students in
college in general has largely pointed to issues related to perceived costs of developing a bicultural identity
that allows students to become integrated into the campus (usually predominantly White) culture while also
maintaining an identity associated with their particular ethnic group (e.g., Furr & Elling, 2002; Rendon,
Jalomo, & Nora, 2001; Rodgers & Summers, 2008; Tinto, 1993; Torres, 2003). Fordham and Ogbu'’s (1986)
conceptualization of “acting White” has been fairly prominent in discussions of Hispanic and African
American students’ supposed resistance to academic domains in general. This conceptualization has been
examined at the college level (e.g., Harper, 2006; Smedley, Myers, & Harrell, 1993) to explain academic
achievement, integration, and ultimate retention of these students. Fordham and Ogbu’s (1983) theory of
“acting White” proposes that some students of color, primarily Black and Hispanic, resist academic
achievement because they associate it with acting White. Acting White assumes that academic
achievement or pursuing a college education comes at the cost of relinquishing one’s ethnic identity. This
theory of anti-intellectualism has been challenged. Cokley (2003) cites three studies (Cokley, 2001;
Fordham, 1986; Graham, 1997) that he believes are supportive of not only a peaceful coexistence of
African American students’ academic and ethnic identities, but that also demonstrate higher levels of racial
identity are actually conducive for academic achievement.

Narrowing the view from the general college level to retention patterns specifically within STEM disciplines,
the impact of cost as a contributor to overall motivation and ultimately to retention adopts a different look.
Here, it is necessary to consider the characteristics of programs in STEM disciplines, where
underrepresented students may perceive costs of participation, including a loss of identity as they attempt
to adopt the value system of predominantly male and European fields STEM disciplines are often viewed
as competitive; success often depends on standing out from one’s peers, sometimes in an aggressive
manner. This aggressive characterization is of particular note. Seymour (1995) points to the competitive
nature of some STEM disciplines, such as engineering, as one explanation for the loss of women from
related programs and careers. Similarly, Gneezy, Niederle, and Rustichini (2003) suggest that as the
competitive nature of an environment increases, women’s performance decreases while men’s
performance increases. Despite indicating few barriers to persistence in the first year, by senior year, the
female engineering students in Brainard and Carlin’s (1998) study indicated feelings of intimidation as
being a barrier to their persistence and comfort in their programs. In their examination of the career choices
and mobility of a sample of male and female engineers, Robinson and Mcllwee (1991) assert that the

“culture of engineering” favors men more than women, and the stronger the competitive component of this
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culture, the more women suffer in their continuing pursuit and success in engineering careers. Indeed,
results indicate that the pursuit of a STEM career may come at the cost of relinquishing, at least in part, a
more “feminine” approach to academic and career success that emphasizes social interaction and support
among classmates and colleagues. A similar assumption can be made about the fit between the
“engineering culture” and students from ethnic backgrounds that emphasize collectivistic rather than
individualistic goals (Triandis, 1989). African American, Hispanic, Native American, and Asian cultures are
among those considered to emphasize group efforts. For more on motivation in STEM, see the ARP series
by Beier and Rittmayer (2008) and Rittmayer (2008).

Implications for Policy

The discussion in the previous sections point to several ways in which STEM programs, particularly at the
college level, can increase the satisfaction and consequent retention of women and ethnic minority
students. Some of these retention methods include:

- Continuation of recruitment efforts directed at female faculty and faculty of color (see
Anderson, 1995; Gilmartin, Denson, Li, Bryant, & Aschbacher, 2007; Rutherford, 2008;
Sonnert, Fox, & Adkins, 2007; Suresh, 2006).

- Visible and accessible academic support resources (tutoring, lab groups, etc.).

- Structured programs that offer a variety of mentoring opportunities, both one-on-one as well as
community-style mentoring that involves students’ social systems (faculty, professional
mentors, family, etc.; Gloria & Rodriguez, 2005; Sanchez, Esparza, & Colon, 2008).

- Additional financial support, especially important for first generation undergraduate or graduate
students (Perna, Lundy-Wagner, Drezner, Gasman, Yoon, et al., 2007).

- Analysis of pedagogical practices that may not be conducive for the learning for women and
other underrepresented students (Schull & Weiner, 2002; Uekawa et al., 2007).

- Summer math and science enrichment courses at the undergraduate level to help prepare
students for possible success in STEM fields (Tyson, Lee, Borman, & Hanson, 2007).

- Attention to language barriers, especially for American-born students learning English as a
second language.

- Culturally-inclusive curricula. For example, seeking to use engineering concepts to solve
problems that exist in central American countries, necessitating both students and faculty
acquire background knowledge about the target country before solving the problem.

Existing support programs should also receive frequent assessment and revision when necessary.

Directions for Future Research

As we continue to encourage women and students from minority backgrounds to seek careers in STEM
disciplines, we need to evolve our methods of examining their experiences and successes in order to meet
the needs of this growing, but still small, population in STEM. Due to the small number of women and
particularly underrepresented students in STEM, much of the research focused on these populations has
been qualitative (e.g., Chinn, 1999; Diangelo, 2006; Johnson, 2007; Robinson & Mcllwee, 1991). Such
qualitative investigations are useful in that they serve to paint a vivid picture of how women and ethnic
minority students experience their STEM programs and thus provide a window into students’ experiences
and concerns that quantitative research does not allow. However, qualitative research has limitations.
Qualitative research lacks generalizability, which limits our ability to look for trends and nuances that may
paint a clearer picture of retention needs of special STEM populations.

For example, new quantitative research may investigate self-efficacy or campus climates as they relate to
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specific universities, and even as they may relate to particular STEM disciplines (e.g., math versus science
versus different engineering specialties). With the Longitudinal Assessment of Engineering Self-Efficacy
(LAESE) instrument (Marra, Schuurman, Moore, & Bogue, 2005), Marra and her colleagues are using a
multi-institutional approach to garner sufficient quantitative data to investigate a variety of social cognitive
factors involved in women and minorities’ engineering success and retention. However, many of the
researchers gathering quantitative data about STEM students have not utilized instruments geared solely
towards students in the sciences. Most have involved popular but not STEM-specific instruments, such as
the Multidimensional Multiattributional Causality Scale (Lefcourt, von Baeyer, Ware, & Cox, 1979) to
measure attributions of female engineering students (Nauta, Epperson, & Waggoner, 1999). Lent, Brown
and Larkin’s (1986) self-efficacy for academic milestones measure has also been used to assess self-
efficacy among women and students attending historically Black institutions (Lent et al., 2005). The Journal
of Engineering Education Special Report (2006) identified the need for engineering-specific measures,
particularly quantitative measures, as one of the most important elements necessary for the continued
progress of engineering (and more largely, STEM) education.

Indeed, the research base would benefit from more research, qualitative or quantitative, on women and
ethnically underrepresented students in engineering and other STEM disciplines in general. Specifically,
future research on the retention of women and underrepresented students in STEM disciplines should
cover several areas:

- Why is the retention of STEM students attending HBCUs higher than predominantly White
institutions? How do admissions standards, pedagogy, and climate differ? What is their secret
and how can PWIs simulate it?

- What effects do different pedagogical practices/approaches have on persistence? How might
STEM pedagogy be adjusted so that it becomes more gender-neutral?

- When women and minorities leave STEM, do they leave school altogether or switch to another
discipline? What guides these decisions?

- How effective is inclusiveness training for STEM faculty?

- What makes STEM disciplines such as biology more successful at attracting and retaining
women of varying cultural backgrounds than physical sciences in which women are still
underrepresented and engineering?

- How might we use what we know about the success of women of varying ethnic backgrounds
in STEM, particularly engineering and physical sciences, to design a retention model that can
guide retention and academic program development?

- What part does social encouragement from family, faculty, friends, and significant others play
in the persistence of women in general and women from underrepresented ethnic
backgrounds?

Through these and other investigations, we can continue the ever-evolving process of understanding what
guides, excites, and retains women and underrepresented students in STEM disciplines.
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