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Abstract: Over the past three decades, research efforts and interventions
have been implemented across the United States to increase the

persistent underrepresentation of minority (URM) students in science,
technology, engineering, andmath (STEM). This Element systematically
compares STEM interventions that offer resources and opportunities
related to mentorship, research, and more. We organize the findings of
this literature into a multiphase framework of STEM integration and
identity development. We propose four distinct phases of STEM

integration: Phase 1: High School; Phase 2: Pre-College Summer; Phase
3: College First Year; and Phase 4: College Second Year through
Graduation. We combine tenets of theories about social identity,

stereotypes and bias, and the five-factor operationalization of identity
formation to describe each phase of STEM integration. Findings
indicate the importance of exploration through exposure to STEM

material, mentorship, and diverse STEM communities. We generalize
lessons from STEM interventions to URM students across institutions.
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1 Introduction

The United States faces a pressing need to fill nearly one million new science,

technology, engineering, and math (STEM) jobs over the next decade (Fayer,

Lacey, &Watson, 2017). Not only will STEM jobs remain underfilled at current

STEM graduation rates, but these rates are also disproportionately lower among

Black, Latinx, and Native American students when compared with White and

Asian students (Fayer et al., 2017; National Science Foundation, 2019). Adults

from underrepresented minority (URM) groups account for 35 percent of the

US population, but they only earn 24 percent of STEM bachelor’s degrees,

23 percent of STEM master’s degrees, and 15 percent of STEM doctoral

degrees (National Science Foundation, 2019). Moreover, URM students are

more likely than non-URM students to exit STEM majors (Graham, Frederick,

Byars-Winston, Hunter, & Handelsman, 2013; Griffith, 2010); when do they

earn STEM degrees, URM students are less likely than non-URM students to go

to graduate school (Allen-Ramdial & Campbell, 2014). Altogether, the data

suggest that the United States is losing qualified and talented URM individuals,

thus maintaining a mostly homogenous STEM workforce.

When URM students choose STEM pathways, multiple societal benefits

follow. First, increasing STEM graduation rates among URM groups can

ameliorate economic ramifications of the labor shortages in STEM (National

Science Board, 2015). Second, it helps the United States remain a global leader

and competitor in STEM innovation (Griffith, 2010; Hulton, 2019; National

Academies of Science, 2007; National Science Board, 2015). Third, increasing

diversity in STEM fields improves scientific innovation and business perform-

ance through the diversity of perspectives (Lee & Buxton, 2010; Richard,

2000). For example, ethnic-racial diversity in teams improves collective strat-

egizing leading to institutional competitive advantages (Richard, 2000). Finally,

opportunity, access, and participation in high-status STEM fields (e.g., engin-

eering, academia) are fundamental to increasing ethnic-racial equity (Lacy,

2015). These four benefits coalesce to address and improve social and economic

justice in the United States.

The trend of increased URM attrition in STEM degrees and careers is known

metaphorically as the STEM leaky pipeline, which generally refers to how

URMs and women, when compared with non-URMs and men, respectively,

are “leaked” at each juncture of the STEM educational and career trajectories

(Berryman, 1983). However, researchers and practitioners have recently recom-

mended replacing the metaphor with STEM pathways to emphasize the import-

ance of being intentional when providing high-quality education and training

opportunities to URMs (National Science Board, 2015). Consistent with this

1Underrepresented Minority Students
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shift, research is focusing less on person-based deficits – understanding why

URM students as individuals are not pursuing advanced STEM degrees – and

more on the role of structural and contextual factors that ensure access to quality

STEM education, research, and mentorship opportunities that promote the

pursuit of a successful STEM career (National Science Board, 2015).

The lack of URMs in STEM fields is rooted in historic systems of stratifica-

tion, namely institutional discrimination, negative cultural stereotypes, less

access to opportunities, and lack of encouragement to pursue STEM

(Braddock & McPartland, 1987; Oakes, 1990). Researchers continue to seek

the best structural strategies to increase access to high-quality STEM education

and training among URMs (National Science Board, 2015; National Science

Foundation, 2005). Accordingly, wide-ranging intervention efforts have been

introduced and tested over the past three decades (National Academies of

Science, 2007; National Science Foundation, 2005). Although many STEM

interventions aim to increase STEM participation among all college students,

a subset is tailored to increase and maintain URM student recruitment and

retention. Despite intervention efforts to get URM students on STEM pathways,

minimal gains, at best, have been achieved (National Science Foundation,

2019).

For URM students, STEM disciplines pose unique obstacles. White and

Asian (non-URM) students and faculty members are overrepresented in

STEM fields (National Science Foundation, 2019; Rendón, Garcia, & Person,

2004). Relatedly, and probably consequently, URM students in STEM are more

likely than non-URM students to experience feelings of isolation (Grossman &

Porsche, 2014; Malone & Barbino, 2009; Seymour & Hewitt, 1997), lack of

effective mentorship (Pfund, Byars-Winston, Branchaw, Hurtado, & Eagan,

2016), and subtle (Brown et al., 2016) and overt (Rankin & Reason, 2005;

Swim, Hyers, Cohen, Fitzgerald, & Bylsma, 2003) experiences of bias. Indeed,

URM students often associate the STEM campus climate with negative ethnic-

racial experiences (Hurtado & Carter, 1997; Johnson, 2012; Strayhorn, 2015).

Equally important, STEM disciplines pose additional challenges that coexist

with ethnicity and race, namely, that URM students tend to be first-generation

college students and come from low-socioeconomic families (Allen-Ramdial &

Campbell, 2014; Choy, 2001; McCarron & Inkelas, 2006). First-generation

college students often experience weaker integration into college environments

and are retained at lower rates due in part to the lack of social capital transmitted

by their families (Atherton, 2014). Parents of first-generation college students

did not attend college, so they are unable to communicate higher education

norms, expectations, and experiences to their children. As it relates to socioec-

onomic factors, URM students are more likely to come from high schools that

2 Applied Social Psychology
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are underfunded and lack resources (The Commonwealth Institute, 2016). High

schools that predominately serve URM students are less likely to offer advanced

STEM courses, have proper research equipment and updated textbooks, and

have an adequate student-teacher ratio (The Commonwealth Institute, 2016).

Experiencing one or a combination of these obstacles and challenges under-

mines a sense of belonging in STEM, STEM identity, and integration into

STEM, which are all theorized to influence STEM persistence and success

(Chang et al., 2014; Wang, 2013).

2 About This Element

This Element evaluates STEM interventions that sought to increase STEM

recruitment, retention, and persistence among URM students in high schools

and colleges across the United States. We focus on the United States because it

has an increasingly diverse culture with an unparalleled history of intergroup

dynamics that persist today, and the country’s ethnic-racial marginalized groups

underrepresented in STEM face a unique set of structural barriers and chal-

lenges rooted in historic and systemic racism. Also, the United States predicted

a “STEM crisis” (National Science Foundation, 2005) that resulted in signifi-

cant public and private funding of STEM interventions nationally over the past

two decades. This provides a unique opportunity to systematically evaluate

URM experiences in STEM interventions across the United States.

This Element evaluates STEM interventions that provide insight into the

relation between structural and contextual factors and psychological processes –

specifically, opportunities for wide-ranging STEM exposure, participation in

STEM communities, and mentorship relationships and their relation to STEM

identity development and integration. There is variability in the theoretical

frameworks that researchers apply to their STEM interventions, if they apply

any theory at all. We evaluate STEM identity development among URMs

through the perspectives of social psychology theories, namely, social identity

theory (Tajfel, 1981; Tajfel & Turner, 1979, 1986; Turner & Reynolds, 2011)

and the stereotype inoculation model (Dasgupta, 2011). Also, we draw from

Erickson’s theory of identity development (Erikson, 1968) and its extension, the

five-dimension model of identity formation (Luyckx et al., 2006, 2008) to

classify and explain the STEM integration process.

3 STEM Identity Development and Integration

STEM identity is the social cognitive association between the self and (a) STEM

disciplines (Dennehy & Dasgupta, 2017; Kuchynka, Reifsteck, Gates, & Rivera,

2020) and (b) the groups of individuals in STEM disciplines (e.g., advanced

3Underrepresented Minority Students
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students, academics, industry professionals; McDonald, Zeigler-Hill, Vrabel,

& Escobar, 2019; Starr, 2018). STEM identity is further moderated by how

central and important group membership in STEM is to one’s self-concept

(e.g., “being a STEM student is an important part of my self-image”; Ramsey,

Betz, & Sekaquaptewa, 2013) and by how typical one appraises oneself as

a group member (e.g., “I feel like I’m just like people who are good at STEM”;

McDonald et al., 2019; Starr, 2018). We focus on STEM identity because it is

a consistent social cognitive predictor of STEM performance outcomes (Chen

et al., 2020; Hernandez, Schultz, Estrada, Woodcock, & Chance, 2013).

Among URM students, strong STEM identities are related to higher STEM

grades, higher retention and graduation rates, and greater persistence in and

commitment to STEM even after college graduation (Chemers et al., 2011;

Estrada et al., 2018; Estrada, Woodcock, Hernandez, & Schultz, 2011). Given

these achievements, developing and maintaining a strong STEM identity are

especially important in URM students because they encounter unique obs-

tacles in STEM settings (Brown et al., 2016; Rankin & Reason, 2005;

Strayhorn, 2015; Swim et al., 2003). URM students often report negative

ethnic-racial experiences in STEM because of cultural stereotypes (Chang

et al., 2011; Grossman & Porche, 2014), which can lead to dis-identification to

protect their self-image (Major et al. 1998), and to high rates of STEM

attrition (Beasley & Fischer, 2012).

Connected to STEM identity development is STEM integration.

Academic integration is broadly conceptualized as the degree to which

a student participates in university culture inside and outside the classroom

(Davidson & Wilson, 2013; Tinto, 1975, 1987, 1988). We refer to STEM

integration as the formal academic and the informal social behavioral

participation in STEM. Formal academic aspects include, but are not

limited to, taking STEM classes, joining research labs, attending confer-

ences, delivering presentations, and mentorship. The informal social

aspects include, but are not limited to, extracurricular activities, study

groups, and casual interactions with peers and faculty. Weaker integration

in STEM results in higher STEM exit rates among URM students compared

with non-URM students (Estrada et al., 2011), but this inequality can be

reduced with greater STEM integration (Mahoney & Cairns, 1997). STEM

identities and STEM integration develop simultaneously and are synergis-

tic, which is consistent with the fundamental social psychological hypoth-

esis that cognitions influence behaviors, but behaviors influence cognitions

(for a review, see Fazio & Zanna, 1981). Therefore, a feedback loop exists

between STEM identity and integration, each exerting mutually reinforcing

effects.

4 Applied Social Psychology
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3.1 Social Identity Theory

Social psychological theories on social group membership provide a lens

through which to understand STEM identity development. The social self

consists of multiple identities that include social (race/ethnicity, gender), pro-

fessional (career), and intimate (family, friends) categories (Brewer, 1991).

STEM identity represents a distinct, professional group membership developed

through cognitively associating the self with STEM group members and STEM

disciplines (Dennehy & Dasgupta, 2017; McDonald et al., 2019). When profes-

sional identities become central to the self, they function as a source of motiv-

ation to achieve long-term goals and aid in short-term persistence, particularly

in challenging domains (Eccles, 2009). Students who hold STEM central to

their self-concept subsequently reap the functional benefits of professional

group identification.

Social identity theory suggests that the self-concept consists of one’s personal

identity and one’s social identity (Tajfel, 1978, 1981; Tajfel & Turner, 1979,

1986). Personal identity is the individual self, defined by important and distinct

individual attributes. By comparison, social identity is the collective self,

defined by group memberships and important and distinct group attributes.

Depending on the situation, individuals will self-categorize with either their

social or their personal identity (Turner et al., 1987). Social (group) identities

are often activated in situations that require an individual to interact with

ingroup versus outgroup members (Tajfel, 1982; Tajfel & Turner, 1979).

Because individuals develop a positive emotional attachment to their social

groups (Tajfel, 1979; Turner, Reynolds, Haslam, & Veenstra, 2006), social

identities can be a source of belonging and value (Swann & Bosson, 2010).

Individuals need to feel socially connected to and have positive emotions

toward a group to incorporate group membership into their self-concept.

These social identity components are constructed through interactions with

group members who exhibit the cognitive elements of identity (e.g., ingroup

stereotypes) through group-based consensus (Postmes, Baray, Haslam, Morton,

& Swaab, 2006). Individual group members need to perceive the commonalities

among the collective perspectives of the ingroup rooted in a shared social reality

(Ashforth & Mael, 1989). Further, group leaders exert an especially strong

influence through their individual actions; their verbal and nonverbal commu-

nications with ingroup members continuously inform the content of social

identity (Hogg & Reid, 2006).

Social identity researchers further distinguish between identity centrality and

identity typicality (Leach et al., 2008;Wilson,&Leaper, 2016). Identity centrality

is how important and valued a group membership is to one’s self-concept (Tajfel

5Underrepresented Minority Students
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& Turner, 1986). Identity typicality is the perception of oneself as a prototypical

group member (Leach et al., 2008; Wilson & Leaper, 2016) and highlights the

need to feel recognized and accepted as a member of a social group (Kim, Sinatra,

& Seyranian, 2018). Both identity centrality and identity typicality are important

to a sense of belonging to, and feeling accepted by, a group and its community

(Ashforth & Mael, 1989; Carlone & Johnson, 2007; Kim, Sinatra, & Seyranian,

2018; Postmes et al., 2006).

As applied to STEM identity development, social identity theory implies that

incoming students need to first learn the content – beliefs, norms, roles, stereo-

types – of the STEM group and disciplines and then associate these components

with their self-concept (Herrera, Hurtado, Garcia, & Gasiewski, 2012). During

this process, students also need to form a sense of belonging to a STEM

community – to feel connected to and accepted by other STEM group members

(Carlone & Johnson, 2007; Kim, Sinatra, & Seyranian, 2018; Lewis, 2003).

Indeed, perceptions of group support predict identification with academic

domains over time (Bizumic, Reynolds, & Meyers, 2012), feeling accepted by

a STEM community facilitates academic and social adjustment (Ostrove &

Long, 2007), and being recognized as a scientist by fellow scientists is particu-

larly important for URM women (Carlone & Johnson, 2007). Because of the

importance of acceptance and recognition, STEM identity researchers inter-

ested in URM group members highlight identity typicality because it is chal-

lenged by cultural stereotypes that portray non-URM groups of people as more

“fit” for STEM (Starr, 2018). Taken together, these findings highlight the need

for a welcoming STEM community to facilitate STEM identity development

among new URM students.

Social identity development also involves intergroup comparisons (Oakes,

Haslam, & Turner, 1994). Individuals often compare the behaviors, interests,

and values of the ingroup with those of outgroups and conclude that their own

behaviors, interests, and values align more closely with the ingroup. Intergroup

comparisons result in ingroup favoritism. Though ingroup favoritism often has

negative consequences in the contexts of prejudice and discrimination (Brewer,

1999; Crocker & Schwartz, 1985), it may benefit URM students’ identification

with STEM. As students integrate into STEM, they may develop stronger

preferences toward their majors and ingroup members, compared with alterna-

tive majors and outgroup members, respectively. Ingroup favoritism may work

in tandem with STEM identity development to solidify students’ status as

STEM group members. To illustrate, individuals in general exhibit a stronger

implicit association between STEM and men relative to women, but female

STEM group members actually demonstrate a stronger implicit association

between STEM and women relative to men (Farrell & McHugh, 2017, 2020),

6 Applied Social Psychology
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suggesting that ingroup favoritism can develop even among marginalized and

underrepresented groups in STEM.

Notably, forming a STEM identity need not come at the expense of other

central social identities such as ethnic-racial identities. In fact, maintaining

multiple group memberships and identities benefits the process of transitioning

to a new social identity, because they provide psychological resources to cope

with stressful life changes (Iyer, Jetten, Tsivrikos, Postmes, & Haslam, 2009).

However, as noted earlier, STEM identity development presents obstacles for

URMs who face pervasive cultural stereotypes that portray their ethnic-racial

(and gender for women) identity as incompatible with STEM (Eaton, Saunders,

Jacobson, & West, 2020; Starr, 2018). Being in an environment where one’s

social group is stereotyped can lead URMs to diminish the importance of an

identity or push them to find alternative environments that are more inclusive

(Deaux, 1994). In STEM, URMs may either disregard their ethnic-racial iden-

tity to “fit in” or leave STEM to find other more accepting domains. However,

we posit in this Element that URM STEM students do not need to relinquish

their ethnic-racial identity to succeed or belong in STEM. Academic and

professional settings that are inclusive and diverse expand the STEM prototype

and facilitate STEM identity development in URM students without diminish-

ing the centrality of their ethnic-racial identity.

STEM stereotypes also exacerbate belonging uncertainty, the concern about

one’s social acceptance (Walton & Cohen, 2007). Because URMs are more

likely to experience a lack of fit in STEM, any perceived threat to belonging

results in a variety of negative downstream consequences including reduced

motivation (Walton & Cohen, 2007). Coping with perceived threats to social

belonging among URM students in STEM promotes higher academic achieve-

ment and well-being (Walton, & Cohen, 2011). In addition, fear of confirming

negative STEM stereotypes often leads URMs to feel as if they need to over-

perform (Steele, 1997). These stereotype threat experiences lead to domain dis-

identification over time (Woodcock et al., 2012). Therefore, identity belonging-

ness concerns are important to understanding URM student experiences in

STEM environments.

3.2 Stereotype Inoculation Model

To combat STEM stereotypes, the stereotype inoculation model proposes that

in-group peers and mentors serve as a “social vaccine” and function to increase

social belonging (Dasgupta, 2011; Stout et al., 2011). URM students may feel

like imposters in STEM due to their historic and continued underrepresentation,

leading to divergence between their self-concept and STEM. URM students

7Underrepresented Minority Students
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may doubt their ability and performance because of subtle and sometimes overt

cues that they do not fit with the prototypic representation of a STEM group

member. URM students inoculate themselves against these barriers by forming

relationships with other URM STEM group members. Observing nonprototy-

pical or exemplar ingroup members can enable students to imagine their future

self achieving specific goals (Markus & Nurius, 1986; Morgenroth, Ryan, &

Peters, 2015). URM STEM exemplars diverge from the STEM prototype and

demonstrate that someone from a similar background can achieve success in

STEM. Peers and mentors are two primary types of STEM group members who

serve as STEM exemplars.

3.2.1 Peers

Since social identities develop from incorporating the prototypic representa-

tions of the ingroup into the self-concept (Turner et al., 1994), it is important for

URM students to be surrounded by URM STEM peers (Dasgupta, 2011). URM

peers inoculate one another against the harms of STEM stereotypes. However,

the salience of the numeric underrepresentation of URM groups often results in

URM students feeling out of place and overly visible (Bodenhausen, 2010).

Frequent exposure to diverse peers in STEM contexts alters the STEM proto-

type of White and Asian men by making URM STEM group members chronic-

ally salient. Thus, immersion into a diverse STEM community of peers

facilitates the perception of overlap between the self and other STEM ingroup

members (Dasgupta, 2011; Dasgupta & Stout, 2014).

3.2.2 Mentors

Similar to peers, mentors promote positive psychological and professional

outcomes (Allen, Eby, & Lentz, 2006). According to mentoring theories,

mentor-mentee relationship quality refers to the affective relationship compo-

nents respect, trust, and connectedness that subsequently facilitate mentees’

professional identification and competence (Kram, 1985; Ragins, 2012).

Effective mentors in STEM provide professional support (e.g., academic goal

support) and psychosocial support (e.g., trust and emotional support; National

Academies of Sciences, Engineering, andMedicine, 2019), and they role model

ingroup values, goals, and behaviors, inspiring mentees to follow suit

(Morgenroth, Ryan, & Peters, 2015).

Mentors in STEM can be upper-level undergraduate students, graduate

students, faculty members, or industry professionals. Mentors provide access

to STEM-related opportunities and improve STEM outcomes such as grade

performance among mentees (Haeger & Fresquez, 2016). Unsurprisingly, lack

8 Applied Social Psychology
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of or low-quality mentorship is consistently identified as a main contributor to

URM STEM attrition (Beasley & Fischer, 2012; Maton, Hrabowski, &

Ozdemir, 2007). Some evidence even suggests that quality, not quantity, of

interactions with faculty mentors predicts success (e.g., Foertsch, Alexander, &

Penberthy, 2000). Therefore, mentors who wish to build a strong relationship

need to pay close attention to the mentees’ psychological and social needs.

Ultimately, positive mentor experiences predict URM integration into STEM

(Anderson & Kim, 2006; Byars-Winston et al., 2015; Estrada et al., 2018;

Lisberg & Woods, 2018).

The type of mentorship that promotes the strongest STEM identity and

academic persistence is still under investigation. However, a new conceptual-

ization of mentoring coined “near-peer” mentoring emphasizes the importance

of providing mentees with a mentor who is slightly more advanced in their

educational or career trajectory (Malik, 2014; Tenenbaum et al., 2014; Trujillo

et al., 2015; Wilson & Grigorian, 2019). The “nearness” in educational and

maturity levels is theorized to have a number of benefits for the mentee such as

developing STEM-based skills (Quitadamo, Brahler, & Crouch, 2009), promot-

ing STEM interest (Wilson & Grigorian, 2019), and even increasing STEM

retention (Watkins & Mazur, 2013). Near-peer mentors also reap benefits

including stronger self-efficacy and science identity (Trujillo et al., 2015). Near-

peer mentoring may be particularly important for URM students because, as

described earlier, they lack ingroup exemplars in STEM and there are not

enough URM faculty to mentor URM students (Rendón, Garcia, & Person,

2004). Also, near-peer mentors promote social belonging (Trujillo et al., 2015),

a concern amongmarginalized groups in STEM (Walton &Cohen, 2007, 2011).

3.3 Developmental Processes Underlying Identity

While social identity theory explains the cognitive, affective, and behavioral

processes related to group membership, Erikson’s (1968) theory on identity

formation focuses on the developmental process of identity at different phases

of exploration and commitment. According to Erikson, identity formation

reflects a continuous process throughout adolescence and young adulthood in

which an individual weighs alternative social information to examine which

identities match their interests and goals. Even after an individual makes

a commitment to a future goal, they will continue the process of evaluating

alternatives to strengthen their corresponding identity. Erikson (1963) empha-

sized identity versus role confusion (i.e., uncertainty about one’s place in

society) that arises during late adolescence, marking the onset of exploring

what roles adolescents will occupy as adults.

9Underrepresented Minority Students
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Building on Erikson’s theory on identity formation, Luyckx and colleagues

(2006, 2008) operationalized five dimensions of identity development. The first

two dimensions reflect two types of exploration: breadth and depth. Exploration

in breadth focuses on the preliminary gathering of information to weigh poten-

tial alternatives to begin making commitments. Exploration in depth pertains to

gathering additional information; communicating with ingroup members about

the content of the identity; and evaluating whether their existing commitments

are compatible with their personal values, interests, and goals. The third dimen-

sion is commitment making, which refers to making specific choices, and the

fourth is identification with commitment, which reflects the degree of identifi-

cation with those choices. Once people achieve identification with commitment,

they experience a host of positive outcomes including superior decision-making

abilities and higher levels of well-being (Kunnen et al., 2008; Schwartz, 2001).

Finally, the fifth dimension is ruminative exploration, which is characterized by

indecisiveness and hesitation. Ruminative exploration is distinct from the other

dimensions in that it involves maladaptive tendencies associated with higher

depressive symptoms, which stem from feeling confused and overwhelmed

from perceiving limitless career options (Luyckx et al., 2008).

3.4 Summary

Based on the theories reviewed here, we posit that stronger and more stable

STEM identities among URM students will result from experiencing three

components during each phase of STEM integration. First, students should be

immersed in a diverse STEM community of peers. Second, students should

receive diverse, high-quality mentorship from multiple sources. Both

a community of peers and high-quality mentorship operate throughout STEM

integration to combat cultural stereotypes and change STEM prototypes. Finally,

students should have the opportunity to thoroughly explore varied potential

alternatives and commitments. Exploration should occur early and include varied

exposure to STEM to begin the iterative cycles of evaluating multiple alternatives

that then narrow in scope with each integration phase. Overall, placing URM

students in academic contexts that include these components should support the

development of a strong and stable STEM identity, including identity typicality

and centrality. The interventions presented in this Element provide evidence for

these components and their interrelations, which are displayed in Figure 1.

4 Four Phases of STEM Integration

Drawing from this review, we propose that STEM identity development is

a process that unfolds across distinct phases of exploration and commitment

10 Applied Social Psychology
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making that occur throughout integration into STEM. As displayed in Figure 2,

we classify four phases that emphasize varying degrees of exploration and

commitment making. Phase 1: High School largely consists of initial explor-

ation in breadth, whereas Phase 2: Pre-College Summer focuses on continued

exploration in breadth, initial commitment making, and initial exploration in

depth. Phase 3: College First Year emphasizes continued exploration in depth

and continued commitment making. Finally, Phase 4: College Second Year

through Graduation focuses on preventing ruminative exploration through

promoting adaptive exploration tendencies. These tendencies are actualized

via final exploration in depth and final commitment making. Ultimately, full

STEM Stereotypes
and Prototypes

Incompatibility of
URM Identity and

Belonging
Uncertainty

Four Phases of
STEM Integration
(see Figure 2)

Relationships with
Diverse Peers and

Mentors

STEM Identity
Typicality and
Centrality

Figure 1 Pathways among identity compatibility, typicality, and centrality,

mediated by STEM integration and diverse peers and mentorship for URM

students.

Phase 1: High School

Initial Commitment
Making

Continued
Exploration in Depth

Continued
Commitment Making

Phase 3: College
First Year

Phase 4: College

Second Year through

Graduation

Ruminative

Exploration

Final Exploration in

Depth

Final Commitment

Making

Full Integration

Initial Exploration in
Depth

Continued
Exploration in

Breadth

Phase 2: Pre-College
Summer

Initial Exploration in
Breadth

Figure 2 Four phases of URM students’ STEM integration and identity.
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integration is achieved. The four phases are dynamic and synergistic, and they

influence URM students’ maintenance of their STEM identity.

4.1 STEM Interventions Inclusion Criteria

We identify and review URM STEM interventions and organize them into the

four phases outlined in Figure 2. STEM interventions administer a wide variety

of measures, but, consistent with our previous review, we include those that

assess at least one of the following social psychological variables: STEM

identity, self-efficacy, STEM interest, social belonging, and STEM intentions.

We define each variable as follows:

• STEM identity, as discussed earlier, includes the cognitive associations

between the self and STEM disciplines and group members; these associ-

ations are further moderated by identity centrality and typicality. STEM

identity is our main social psychological construct because it represents

a primary predictor of URM STEM performance and persistence.

• Self-efficacy is the degree to which an individual believes they have the ability

and talent to accomplish certain tasks (Bandura, 1986). Self-efficacy is an

important predictor of academic retention (Raelin et al., 2015), STEM per-

sistence among URM and non-URM students (Lent et al., 2016), and STEM

goals among URM students (Byars-Winston, Estrada, Howard, Davis, &

Zalapa, 2010).

• STEM interest is the desire to engage with domain-specific material and the

affective states of attitudes, liking, and attraction associated with engagement

(Hidi & Renninger, 2006; Renninger, 2009; Valsiner, 1992). STEM interest is

related to STEM persistence among URM and non-URM students (Lent

et al., 2016).

• Social belonging represents the degree to which individuals feel socially

connected, which is central to motivation (Baumeister & Leary, 1995).

Applied to an academic context, social belonging is defined as feeling

accepted, valued, and supported by the STEM community and its members

(e.g., peers, faculty members; Strayhorn, 2018). Social belonging predicts

STEM identity (Kuchynka, Findley-Van Nostrand, & Pollenz, 2019)and

academic performance (Chen et al., 2020; Freeman, Anderman, & Jensen,

2007) and is particularly important for STEM persistence among URM

students (Espinosa, 2011).

• STEM intentions reflect students’ short- and long-term goals to pursue

a STEM major, attend and complete graduate school in STEM, and establish

a career in STEM. STEM intentions are associated with STEM persistence

(Maltese & Tai, 2011; Shaw & Barbuti, 2010).
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We prioritize STEM interventions that report objective outcome metrics of

STEM performance, persistence, and success, three terms often used inter-

changeably in the STEM intervention literature, and operationalized as

course grades, cumulative grade point averages (GPAs), yearly retention

rates, graduation rates, graduate school admission, and career choices.

Finally, we included STEM interventions that report a majority of URM,

relative to non-URM, students as participants. The Women in Applied

Science and Engineering Program (WISE) at Arizona State University

(Newell, Fletcher, & Anderson-Rowland, 2002), for example, targets

women, a group that is underrepresented, but it was not included because it

did not target a majority of URM students nor did it report any social

psychological variables. Finally, we excluded STEM interventions that did

not fit within one of our four phases of social integration (e.g., graduate

school or middle school interventions).

To identify papers with STEM interventions included in this Element, we

entered keywords “STEM intervention,” “STEM retention,” “STEM recruit-

ment,” “STEM identity,” “STEM persistence,” “STEM summer bridge,” and

“STEM leaky pipeline” separately into Google scholar. Then we confirmed that

the studies in these papers met our inclusion criteria. Finally, we searched

through the papers’ “cited-by” list to identify additional papers. Table 1 lists

the STEM interventions included in this review.

It is important to note that the measures (qualitative vs. quantitative), defin-

itions and types of STEM-related social psychological variables, and designs

(cross-sectional vs. longitudinal; quasi-experimental vs. experimental) are

inconsistently adopted across STEM interventions. We compare and contrast

the different interventions across multiple STEM fields, to synthesize findings

into a coherent multiphase framework.

5 Phase 1: High School

High school institutions should integrate URM students into STEM commu-

nities during adolescence because early STEM identification and interest are

robust predictors of future STEM performance (Chemers et al., 2011; Tai, Liu,

Maltese, & Fan, 2006). Moreover, high school STEM preparation, SAT

mathematics scores, and high school class rank are consistent predictors of

STEM persistence (Alkhasawneh & Hargraves, 2014; Chang et al., 2014; Lee

& Luyckx, 2006; Shaw & Barbuti, 2010; Wang, 2013). This integration phase

coincides with a sensitive period in identity development among adolescents

(Erikson, 1968). High school STEM interventions promote early opportun-

ities to develop a STEM identity through content exposure and community.
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Table 1 STEM interventions that meet inclusion criteria

Intervention
Papers

Phase of
Integration

Social
Psychological
Measure(s)
Quantitative
Qualitative

Objective
STEM
Outcome
Measure
(s)

Cohort
(s)
Total
Sample
Sizea

Bystydzienski,
Eisenhart, &
Bruning, 2015

1 Yes Yes Yes 131

Hernandez-
Matias et al.,
2019

1 Yes Yes No 25

Kuchynka,
Reifsteck,
Gates, &
Rivera, 2020

1 Yes No No 77

Bruno et al., 2016 2 Yes Yes No 64
Graham,

McIntee,
Raigoza,
Fazal, &
Jakubowski,
2016

2 No Yes Yes 48

Liu, 2018 2 Yes No No 39
Pritchard,

Perazzo, Holt,
Fishback,
McLaughlin,
Bankston, &
Glazer, 2016

2 Yes Yes Yes 26

Tomasko,
Ridgway,
Waller, &
Olesik, 2016

2 Yes Yes Yes 188

Reyes, Anderson-
Rowland, &
McCartney,
1999

2 No Yes Yes 119

Gilmer, 2007 2, 3, 4 No Yes Yes 69
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We acknowledge that students can start forming a STEM identity even prior to

high school, which, in theory, results in even stronger and more stable STEM

identities over time. However, we treat the high school experience as our

initial phase because it marks the beginning of advanced and varied STEM

course exposure and a choice to enroll in these courses. Before high school,

students are automatically enrolled in science and math courses and thereby

Table 1 (cont.)

Intervention
Papers

Phase of
Integration

Social
Psychological
Measure(s)
Quantitative
Qualitative

Objective
STEM
Outcome
Measure
(s)

Cohort
(s)
Total
Sample
Sizea

Maton et al., 2016 2, 3, 4 Yes No Yes 109
Kamangar,

Silver,
Hohmann,
Mehravaran, &
Sheikhattari,
2019

3, 4 Yes No No 46

Matsui, Liu, &
Kane, 2003

3, 4 Yes No Yes 143

Estrada, Eppig,
Flores, &
Matsui, 2019

3, 4 Yes No Yes 68

Slovacek,
Whittinghill,
Tucker, Rath,
Peterfreund,
Kuehn, &
Reinke, 2011

3, 4 Yes No Yes 198

Estrada,
Hernandez, &
Schultz, 2018

4 Yes No Yes 1420

a Sample sizes reflect the total number of participants included in the analyses from
studies in intervention papers that met our inclusion criteria. The actual total number
of participants in the intervention may be larger.
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on a STEM trajectory by default. The high school phase reflects students’ first

opportunity to make class choices related to their future in STEM – indeed,

completing more advanced STEM classes is important for future college

success (Tyson, Lee, Borman, & Hanson, 2007). Although Asian and White

students take more STEM high school classes compared with their URM peers

(Maltese & Tai, 2011), URM students who complete advanced STEM high

school courses are as likely to complete STEM college degrees (Tyson et al.,

2007). These findings indicate that under the right circumstances and given the

right opportunities in high school, URM students fare just as well as non-URM

students.

5.1 High School Programs

Though most interventions focus on URM STEM persistence during college or

the summer prior to college (reviewed in Sections 6 to 8), the available research

on Phase 1: High School elucidates the importance of promoting a STEM identity

during adolescence. To our knowledge, only three STEM high school interven-

tions that target URM students meet our inclusion criteria (Bystydzienski,

Eisenhart, & Bruning, 2015; Hernandez-Matias et al., 2019; Kuchynka et al.,

2020). Collectively, they suggest that intervening in high school benefits STEM-

related social psychological factors.

5.1.1 Initial Exploration in Breadth

At the start of Phase 1: High School, URM students will most likely have a weak

or nonexistent STEM identity due to limited prior exposure to STEM material,

opportunities, career guidance, and group members (Witkow & Fuligni, 2011).

Phase 1’s identity developmental processes via initial exploration in breadth

begin with exposure to STEM material and the guidance of mentors and

teachers. Consistent with our conceptualization of identity development, most

high school students are in a pre–commitment-making stage where they have

not explored or committed to any STEM identities nor have they developed any

STEM interests, both of which are antecedents to setting academic and career

goals and intentions in STEM (Lent, Brown, & Hackett, 1994; Lent et al., 2016;

Mangu, Lee, Middleton, & Nelson, 2015). Some research even indicates that

developing an interest in STEM during high school is a stronger predictor of

STEM persistence than high school STEM achievement (Maltese & Tai, 2011).

However, students generally show a decline in STEM interest from elementary

to secondary education (VanLeuvan, 2004; Wells et al., 2007), but this can be

prevented and even reversed by interventions that expose students to varied
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STEM material outside of traditional classroom settings (Young, Ortiz, &

Young, 2017).

A four-week summer earth, environment, and engineering program examined

the social psychological processes that promote a STEM identity and interest

among URM high school students from Newark, New Jersey (Kuchynka et al.,

2020). The program introduced students to earth science material through class-

room settings, field trips, group projects, and exposure to early career STEM

professionals who were guest speakers (most of whom were URM). Students

interacted with URM and non-URM science teachers, URM undergraduate

student mentors, and a diverse group of peers. Datawere collected using validated

psychological measurements at the start, middle, and end of the program. Relative

to when they started the program, students demonstrated stronger STEM iden-

tities, general interest in STEM material, peer-to-peer relationships, undergradu-

ate mentor–student relationships, and teacher-student relationships by the last day

of the program. In addition, the type of relationship that promoted STEM identity

among URM students was isolated by directly comparing the independent roles

of relationship quality with peers and undergraduate mentors versus teachers. Of

these three, only high-quality relationships with undergraduate mentors facili-

tated STEM identity over the course of the four-week program. Furthermore,

subjective identification with the undergraduate mentors facilitated relationship

quality, suggesting that similarities in age, race, ethnicity, socioeconomic status,

and regional background promote high-quality mentor-student relationships that

in turn strengthen STEM identity.

In another study, a three-year longitudinal intervention evaluated the impact

of a high school program in which female students who were majority URM

from low-income families and would-be first-generation college students par-

ticipated in engineering projects and field trips and received college guidance on

their interest in engineering (Bystydzienski et al., 2015). Professional engineers

and staff members who were tasked with creating a micro-community where

students felt encouraged to pursue engineering long term mentored female high

school students. This program effectively combined assumptions of identity

development by offering long-term exposure to engineering material in a range

of formats, a diverse community of like-minded female-URM students, and

a variety of mentorships from STEM group members. Participants, who com-

pleted multiple measures repeatedly over three years, reported increases in

engineering interest, content knowledge, and future goals to pursue engineer-

ing. The intervention also tracked female URM participants through college

(see Phase 4: College Second Year through Graduation).

In a third intervention, Hernandez-Matias et al. (2019) compared two one-

week high-school programswith Puerto Rican students that focused onmolecular
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biology and cancer research. Students in an experimentation group conducted

hands-on experiments, while students in a non-experimentation group were

exposed to science material (e.g., gene-editing models) but did not engage in

hands-on experiments. Students in both groups were provided mentorship (sci-

ence instructors) and participated in science laboratory tours. All students dem-

onstrated increases in STEM identity strength, but this effect was stronger among

students in the non-experimentation group. Students in the experimentation group

exhibited smaller identity strength changes and reported more difficulties with

learning content. Based on diaries and interviews, students in both groups

reported that mentorship was a key component to their science identity

development.

5.2 Discussion

The three interventions reviewed here (Bystydzienski et al., 2015; Hernandez-

Matias et al., 2019; Kuchynka et al., 2020) provided an array of mentorship

opportunities for URM students, while immersing them in a group of like-

minded URM peers. The programs also provided opportunities for students to

explore STEM material through active learning methodologies such as group

projects and using instrumentation in a science laboratory. The interventions

demonstrated increases in STEM identity strength and STEM interest.

Traditional classroom settings often evoke STEM stereotypes that threaten

and alienate stigmatized students and undermine their STEM interest (Cheryan,

Master, & Meltzoff, 2015; Cheryan, Meltzoff, & Kim, 2011; Cheryan, Plaut,

Davies, & Steele, 2009; Master, Cheryan, & Meltzoff, 2016). High school

interventions combat these issues by exposing students to STEM material

across a variety of environments (field trips, laboratories) and incorporating

active learning (group projects, conducting experiments) in more inclusive and

diverse environments (Ballen, Wieman, Salehi, Searle, & Zamudio, 2017).

Active learning components offered in nontraditional education settings are

particularly beneficial because they close academic achievement gaps between

URM and non-URM students through increased self-efficacy (Ballen et al.,

2017) and stimulate URM high school students’ interest and intent to pursue

STEM careers (Gates & Kalczynski, 2016).

The findings from high school interventions also highlight the value of

mentorship, particularly the mentorship high school students received from

undergraduate college students. STEM mentors can offer guidance, impart

knowledge, and teach expectations to high school students. According to the

stereotype inoculation model (reviewed earlier; Dasgupta, 2011), subjective

identification and perceived expertise in STEM are two mentor-related factors
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critical for inoculating URM students against negative stereotypes. Exposure to

ingroup experts is most impactful when students subjectively identify (on race,

ethnicity, age, gender, etc.) with the ingroup exemplars (Stout et al., 2011),

which facilitates URM students’ beliefs that they too can achieve future success

in STEM (Morgenroth, Ryan, & Peters, 2015). Accordingly, undergraduate

mentors may yield a stronger impact on STEM identity than STEM teachers

because the former provide a more realistic upward comparison. Teachers are

more of an established STEM expert than undergraduate students, but they may

be too advanced in their career trajectory for high school students to easily

imagine themselves following a similar path. Positive interactions with URM

undergraduate mentors facilitate STEM identity because they have achieved

admirable and attainable levels of STEM expertise and success. The overlap-

ping identities of undergraduate and high school students presumably facilitate

social bonding, familiarity, and accessibility resulting in high-quality

relationships.

The findings from Hernandez-Matias et al. (2019), which compared two one-

week high school interventions, suggest that the combination of mentorship and

science material exposure is more meaningful for identity development than the

combination of mentorship and hands-on experimentation. Since students in the

experimentation group reported lower gains in STEM identity and more diffi-

culties with the material, researchers and practitioners may need to consider the

aptitude of high school students and not overwhelm them with tasks that are too

advanced. Overwhelming challenges may have the opposite effect such that

students may associate negative affect with STEM and believe they cannot

perform adequately in STEM. In the end, such experiences and feelings may

slow identity development.

Two of the high school interventions focused on exposing students to a single

discipline (earth science in Kuchynka et al., 2020, and engineering in

Bystydzienski et al., 2015). While exposure to a single STEM discipline can

start the exploration process, a central component of exploration is the weighing

of alternatives to evaluate one’s options (Gati & Asher, 2001; Luckyx et al.,

2006). High school students should have the opportunity to assess which STEM

discipline most closely matches their interests, goals, and abilities through

exposure to a variety of STEM areas. Exposure to a breadth of STEM discip-

lines is particularly important during high school because students are still pre–

commitment making and thus need exposure to identify their interests.

There is limited research on high school STEM interventions with URM

students, which presents an important gap in the empirical literature, and an

underutilized potential solution to combat the loss of STEM interest observed

among many high school students (Chen & Soldener, 2013; Rogers & Ford,
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1997). It is well documented that pre-college characteristics (e.g., STEM

preparation) are contributors to different graduation rates between URM and

non-URM students (Alkhasawneh & Hargraves, 2014; Chang et al., 2014; Lee

& Luyckx, 2006; Shaw & Barbuti, 2010; Pascarella & Terenzini, 1983; Wang,

2013), but the vast majority of STEM interventions target URM college (or pre-

college summer) students once they have decided to pursue a STEM major

(reviewed in Sections 6 to 8). High school interventions provide unique

opportunities for young, undecided students prior to starting a STEM college

education and career trajectory. These interventions provide early-on oppor-

tunities for initial exploration in breadth that promote strong STEM identities

and interest through early exposure to varied STEM disciplines via novel

nontraditional classrooms settings with active learning components.

6 Phase 2: Pre-College Summer

Though the summer before the start of college reflects a brief two- to three-

month period, it is a discrete phase of STEM integration due to the critical

transition from high school to college. The first two psychological stages of

college integration are separation and transition (Tinto, 1988). For some stu-

dents, college represents the first time they move away from their family and

communities, which may pose challenges for students who rely on them for

social support. During the separation period, students need to be inducted into

a new social support system to begin a successful integration process (Tinto,

1988). For many students the transition to campus life may include the follow-

ing changes: (a) physical –moving to the location of their college or university,

(b) social – unfamiliar community and building new relationships, (c) psycho-

logical – shifting from a high school to a college identity and coping with self-

doubt about abilities and social belonging (Rosenthal, London, Levy, & Lobel,

2011), and/or (d) behavioral – new daily routine.

Because of the multiple types and sheer amount of changes, psychological

adaption and potential distress is relatively steep in Phase 2: Pre-college

Summer (and Phase 3: College First Year, discussed next). Incoming students

can experience maladaptive enculturation that includes feelings related to

losing identities and to isolation because of detachments from their familiar

community and routines (Hurtado, Carter, & Spuler, 1996). The transition into

college presents unique obstacles for students lower in socioeconomic status

because they are more likely to perceive an incompatibility between their old

and new academic identities (Iyer et al., 2009), an experience more likely to

occur among URM students who tend to come from lower socioeconomic

backgrounds and are first-generation when compared with non-URM students
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(Allen-Ramdial & Campbell, 2014; Choy, 2001; McCarron & Inkelas, 2006).

However, providing students with an academic environment that suits specific

group-based needs promotes academic engagement (Eccles et al., 1993), and

providing environments that facilitate perceptions of identity compatibility

among marginalized group members eases the psychological distress experi-

enced during academic transition periods (Rosenthal et al., 2011). Thus, identity

development needs close attention during this fragile transition period through

guidance, mentorship, and community. To that end, summer bridge programs

support seamless transitions into college environments.

6.1 Summer Bridge Programs

Summer bridge programs are typically made up of daylong modules and activities

that are aimed to increase content knowledge and feelings of preparedness (Ashley

et al., 2017). Most summer bridge programs offer field trips, lectures from STEM

professionals, self-reflection through journaling and group projects and may even

provide the opportunity for students to complete coursework prior to the start of the

first college semester (Ashley et al., 2017). These pre-college summer STEM

experiences prepare students for challenging gateway courses (required introduc-

tory courses for a STEM major) during the first year of college. Summer bridge

programs vary in length and content and in what each program measures and

reports, but their general approach is to increase STEM interest and corresponding

academic success to facilitate long-term retention efforts. To examine continued

exploration of breadth during this period of social and academic transition, we first

turn to summer bridge programs that target incoming URM students across a range

of STEM disciplines. Then to evaluate initial exploration in depth, we review

summer bridge programs that focus on only one STEM area.

6.1.1 Continued Exploration of Breadth

Because Phase 2 occurs prior to the start of first-year college classes, students

will begin weighing potential STEM options via exposure to varied STEM

disciplines across multiple contexts (e.g., lectures, laboratories, field settings).

To illustrate the importance of continued exploration of breadth from Phase 1 to

Phase 2, many STEM students enter college with the goal of becoming

a medical doctor and are unaware or have little knowledge of STEM research

careers. To address this issue, summer bridge programs teach students about

a variety of STEM careers beyond medicine that may better suit their interests

(Kuchynka, Findley-Van Nostrand, & Pollenz, 2019).

The AIMS summer bridge program at Bowling Green State University

exposed incoming URM students to a variety of STEM course material such
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as biology, chemistry, and geology via lectures and laboratory settings (Gilmer,

2007). Such varied exposure is important for exploration of breadth because it

allows students to learn from multiple STEM leaders, get hands-on experience

with the content, and increase the frequency of interactions with STEM group

members. In addition to acquiring STEM knowledge from college coursework,

students participate in extracurricular nonacademic activities like cookouts to

foster belonging to the STEM community. The intervention administered only

qualitative measures, on which URM students described that the summer bridge

program opened their eyes to science fields outside of medicine and that taking

classes with other URM students in addition to the leisurely activities facilitated

their sense of belonging.

HāKilo, a six-week summer bridge program in the University of Hawaii

system, assisted URM community college students with the goal of transferring

to four-year colleges (Bruno et al., 2016). Students took math courses each

morning and were exposed to different STEM disciplines each afternoon. Also,

students were offered career exploration services, participated in extracurricular

activities with their cohort, and were assigned undergraduate student mentors

who were returning students. Relative to the start of the program, quantitative

posttest measures administered six weeks later revealed that students exhibited

increased knowledge about potential STEM career options, greater self-

efficacy, and stronger intentions to pursue a STEM major.

Another summer bridge program at a predominately White institution

enrolled incoming URM STEM students in a six-week program where they

completed math and physics courses (Liu, 2018). Students attended lecture-

based courses to prepare them for the intensity they would encounter in college

STEM coursework. Researchers quantitatively tracked changes in self-efficacy

and math anxiety across the duration of the program. Interestingly, students’

physics self-efficacy decreased over the course of the program and their math

self-efficacy remained unchanged. However, students’ math anxiety signifi-

cantly decreased by the end of the summer program.

Finally, Ohio’s Science and Self-Expansion Program (OSTEP) at Ohio State

University recruited URM and first-generation students who expressed interest

in STEM to participate in a six-week summer bridge program that encompassed

exposure to all STEM disciplines (Tomasko, Ridgway, Waller, & Olesik, 2016).

OSTEP provides extensive feedback on the expectations of campus life includ-

ing a clear understanding of the STEMmajor workload, a STEM residence with

a cohort that subsequently goes through college together, and socially support-

ive class structures. Relative to the start of the program, quantitative and

qualitative data demonstrated that students had stronger feelings of prepared-

ness and a sense of belonging at the end of the six-week program. Tracking
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student academic records showed that URMOSTEP students were also retained

in STEM at higher levels than the general STEM student population.

6.1.2 Initial Exploration in Depth

For students entering college in pursuit of a specific STEM major, STEM-

specific summer bridge programs can jumpstart initial exploration in depth.

Because these students have begun the initial commitment making by intending

to major in STEM before the start of their first college year, they can begin

evaluating their commitment through more advanced content exposure and

interactions with ingroup members. Three STEM-specific summer bridge pro-

grams that met our inclusion criteria examined initial exploration in depth.

First, the Future Chemists Scholarships and Support (FoCuS) program at both

the College of Saint Benedict and Saint John’s University in Minnesota targeted

incoming URM students who sought to major in chemistry (Graham, McIntee,

Raigoza, Fazal, & Jakubowski, 2016). The program provided career exploration

options in chemistry and students completed their first chemistry course. FoCuS

students’ grades were higher than those of a matched comparison group that

completed the chemistry course during the college year. The students’ stronger

performance presumably stems from a strong support system that included

frequent interactions with faculty members, academic advising, and mentoring

by an advanced undergraduate STEM student. Undergraduate student mentors

provided extra tutoring and class support. A majority of students reported in

interviews that an undergraduate student mentor was key to their success.

The Minority Engineering Program (MEP) at Arizona State University was

designed to recruit more URM students to engineering and increase engineering

retention (Reyes, Anderson-Rowland, & McCartney, 1999). Students who

participated in the program were immersed in a diverse community of potential

URM engineers, and advanced undergraduate engineering students served as

mentors. One primary goal of the program was to prepare students for introduc-

tory engineering courses. Students were exposed to technical presentations and

completed a team design project. The program aimed to develop students’

abilities to work in teams and to better understand how to handle time pressures.

URM students who participated in the program demonstrated stronger one-year

university retention rates compared with those who did not participate. Students

reported in focus groups that the team project experience was highly beneficial

and learning about the expectations of the engineering major related to time

pressures and course requirements helped prepare them for their courses.

Finally, the University of Cincinnati: Leadership 2.0 summer program tar-

geted incoming URM nursing students (Pritchard et al., 2016). Students took
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several science classes; lived with other nursing student peers; received finan-

cial support; were exposed to research laboratories; participated in community

outreach; engaged in extracurricular activities outside of academic settings,

such as visiting museums; and were assigned three advisors – a student affairs

academic advisor, a faculty advisor, and a full-time student resident advisor.

This study utilized quantitative and qualitative measures to evaluate students’

experiences and attitudes. First, over the program’s six-week period, pre- to

posttest quantitative surveys revealed an increase in feelings of preparedness for

STEM coursework and that relationships with program peers and full-time

student resident advisors were the most important program components. In

addition, students reported in one-on-one interviews at the end of the program

that they felt a strong sense of community and connections to peers and faculty

members, and an increased passion for nursing. Finally, student performance

and retention tracked during the first year of college showed no differences in

course grades between URM student participants and the entire nursing student

population and higher grades than URM students who did not participate in the

program.

6.1.3 Initial Commitment Making

Phase 2: Pre-college Summer reflects a social and academic transition period

wherein URM students enter a new environment and begin the important

process of choosing courses, a college major, and what academic research

labs to join, which mark initial commitment making. This decision-making

period may seem overwhelming for incoming students; thus, summer bridge

programs can ease student anxiety by giving them extra time and guidance to

evaluate potential commitments that best suit their needs. By the time students

begin the first year of college, they typically start a singular STEM pathway

even though students have not officially declared a major. First-year college

students must decide on courses to fulfill a specific major, which leaves little

opportunity for exploration of alternative commitments. Summer bridge pro-

grams provide students with early STEM exposure through communicating

with peers, learning more domain-specific content knowledge, and guidance

from mentors (Bruno et al., 2016; Gilmer, 2007; Graham et al., 2016; Pritchard

et al., 2016; Reyes, Anderson-Rowland, & McCartney, 1999; Tomasko et al.,

2016).

6.2 Discussion

Three of the seven summer bridge programs reviewed earlier report relatively

superior first-year college grades among URM students (Graham et al., 2016;
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Pritchard et al., 2016; Reyes, Anderson-Rowland, & McCartney, 1999). Strong

course performance is important to STEM persistence (Alkhasawneh &

Hargraves, 2014), feelings of competence, and overall identity development

(Luyckx et al., 2009). This academic success is rooted in three common summer

bridge program features that are likely synergistic: (1) a STEM community of

diverse peers, (2) mentorship from advanced undergraduate students and fac-

ulty members, and (3) early exposure to STEM material that prepares them for

first-year STEM coursework.

The successful transition from a high school to a college identity partly relies

on the latter’s compatibility with current identities (e.g., ethnic-racial identity)

(Iyer et al., 2009). The sooner students begin identifying with a new social group,

the sooner they start reaping the psychological and behavioral benefits provided

by group membership (Greenaway, Amiot, Louis, & Bentley, 2017). New self-

categorizations allow students to connect with others who share a common

perspective and similar life goals (Ashforth & Mael, 1989). Therefore, group

memberships provide stability, meaning, and social connection during transitions

(Iyer, Jetten, & Tsivrikos, 2008). Summer bridge programs ease the transition

from high school to college by immediately immersing incoming students into

a community of like-minded peers with similar backgrounds that promotes

a meaningful STEM identity. Being surrounded by diverse peers early on in

the transition to college allows URMs to perceive identity compatibility between

their ethnic-racial identities and their new STEM identity.

A noteworthy element of some summer bridge programs is providing stu-

dents with nonacademic extracurricular activities (Bruno et al., 2016; Gilmer,

2007; Pritchard et al., 2016). These activities appear to strengthen social

bonding with the STEM community, which is particularly important for

URMs, especially female URMs, who tend to feel excluded by STEM peers

and faculty (Foor, Walden, & Trytten, 2007; Ong, 2005). Importantly, a strong

sense of belonging is tied to academic persistence and identity development

(Hausmann, Schofield, & Woods, 2007; Tajfel, 1981; Tajfel & Turner, 1979,

1986). Thus, summer bridge programs that provide extra opportunities for

social bonding beyond academic preparation are, at least in theory, important

for forming and maintaining a strong STEM identity.

A consistent outcome of summer bridge programs is that students stress the

importance of having an undergraduate peer mentor. Similar to the findings

from Phase 1: High School, providing potential STEM students with an under-

graduate mentor facilitates overlap in shared identities, social bonding, and the

ability to envision their future selves experiencing success in STEM. URM

mentors and peers counter negative subtle and overt messages about the STEM

group prototype. Although prototypes reflect learned associations, they can be
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changed by short- and long-term exposure to varied group members (Fiske &

Taylor, 1991), namely, successful URM individuals in STEM.

With respect to STEM self-efficacy, findings from summer bridge programs

indicate that it sometimes increases (Bruno et al., 2016), but sometimes decreases

(Liu, 2018). Summer bridge programs may adjust STEM expectations such that

students may go into STEM programs with relatively high confidence about their

abilities that thenwanes after they are exposed to rigorous coursework and the time

and effort required to succeed in STEM (Liu, 2018). Importantly, decreases in

STEM self-efficacy from participating in summer bridge programs need not come

at the expense of increased retention rates. Incoming students in the STEM

Academy at the University of South Florida demonstrated decreases in self-

efficacy after a one-week summer bridge program, but they demonstrated higher

retention rates compared with a matched comparison group (Findley–Van

Nostrand & Pollenz, 2017; Kuchynka et al., 2019). Notably, these findings were

replicated across multiple cohorts, suggesting that lower self-efficacy reflects

a clearer understanding of the level of ability required to succeed in STEM,

which may better prepare incoming STEM students for challenging coursework.

Research that examines identity formation processes underlying career deci-

sions emphasizes the importance of having students consider several suitable

majors and career alternatives that should be explored in depth (e.g., Gati &

Asher, 2001). Exploration is important because students need to go through

a process of identity resolution to achieve a strong commitment to their final

goals. Summer bridge programs that encompass all areas of STEM offer an

opportunity to engage in the process of choosing among multiple possible

STEM majors through exposure to a breadth of material. By comparison,

summer bridge programs that target only one STEM discipline offer valuable

exploration in depth but limit the scope of STEM opportunities.

The successful enactment of a group identity depends upon learning and

adopting the corresponding group-based behaviors and beliefs (Eccles, 2009),

and the development of an academic identity relies on perceptions of school

support as measured by providing students with clear and consistent rules and

group norms (Bizumic, Reynolds, & Meyers, 2012). Developing a STEM identity

means that one adopts new behaviors (e.g., classroom etiquette and studying

techniques), ways of thinking (e.g., problemsolving and new academic termin-

ology), and motivations (e.g., interest in learning STEMmaterial). Because URM

students often lack social support in STEM contexts (Foor et al., 2007), summer

bridge programs effectively ameliorate this issue by providing formal and informal

academic and social support systems (Bruno et al., 2016; Gilmer, 2007; Graham

et al., 2016; Pritchard et al., 2016; Reyes, Anderson-Rowland,&McCartney, 1999;

Tomasko et al., 2016).
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7 Phase 3: College First Year

Phase 3: College First Year centers on early STEM achievement because it is

one of the most robust and consistent predictors of STEM persistence

(Alkhasawneh & Hargraves, 2014; May & Chubin, 2003; Persaud &

Freeman, 2005; Reason, 2003). STEM gateway courses, typically completed

during the first year of college, often present a challenge for URM students

due to the notoriously rigorous coursework (Fries-Britt et al., 2010;

Gasiewski et al., 2012; Seymour & Hewitt, 1997). Because large lecture-

style courses are more impersonal, students often struggle with engagement

(Gasiewski et al., 2012; Johnson, 2007; Laboy, 2004). Moreover, URM

students are more likely to experience an inhospitable STEM environment

due to feelings of isolation and perceived racial bias (Hurtado, Newman,

Tran, & Chang, 2010). Feelings of stress and anxiety associated with achiev-

ing academically during Phase 3 may be buffered by a strong STEM identity

(Osbourne & Jones, 2011), which is a source of approach motivation or the

impulse to work toward external goals (Harmon-Jones, Harmon-Jones, &

Price, 2013). Strongly, compared with weakly, identified students faced with

academic challenges and pressures put forth more effort instead of disen-

gaging. Following the findings from Phases 1 and 2, STEM identity is

enhanced through undergraduate peer mentorship during the first year of

college. Undergraduate student mentors offer academic and social support

that can ease stress and enhance academic performance (Phinney, Torres,

Kallemeyn, & Kim, 2011).

7.1 Early-Stage Ongoing Academic Support Programs

First-year students are often challenged with feeling connected to a college

community, adjusting to an unfamiliar environment with new norms, and the

rigors of their first-year classes (Rosenthal et al., 2011). Early-stage ongoing

academic support programs aid first-year students via mentorship, counseling,

research opportunities, and living learning communities. They also provide

similar services as Phase 2’s summer bridge programs but with greater explor-

ation in depth. Most ongoing academic support programs are broken into

multiple parts for the duration of the students’ undergraduate career. The

number and length of the different parts vary among programs, but they

generally consist of two to three distinct time periods with different services

(Gilmer, 2007; Maton et al., 2016; Matsui, Liu, & Kane, 2003). In this section,

we describe Phase 3’s integration components of continued exploration in depth

and continued commitment making, then examine them within the contexts of

ongoing academic support programs and living learning communities.
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7.1.1 Continued Exploration in Depth and Continued Commitment Making

Exploration in depth is an adaptive process conceptualized as an interest to

continue gathering information with respect to one’s commitments (Luyckx

et al., 2006). Thus, proper internal (self-reflection) and external (information

seeking and contact with other ingroup members) explorations are important for

ensuing motivation to persist in domains that require high amounts of time and

resources (Seymour &Hewitt, 1997). Furthermore, students need to match their

personal interests, values, and abilities with an appropriate STEM major, and

they should not feel forced to pursue commitments from external sources (e.g.,

family members, teachers) without thorough self-evaluation, as this may result

in weak identification (Kaplan & Flum, 2010). Over time for URM STEM

students, exploration in depth is positively associated with feelings of compe-

tence and negatively related to perceived effort costs of their major (drawbacks

associated with time and effort; Perez, Cromley, & Kaplan, 2014). Early-stage

ongoing academic support programs play an important role in these factors and

processes related to exploration in depth and commitment making.

In the first- and second-year of the AIMS program at Bowling Green State

University (Gilmer, 2007) reviewed earlier, students received ongoing once-

a-week mentorship from a faculty member who was part of the summer bridge

phase. AIMS students were also encouraged to get involved with undergraduate

research. Students were provided continued breadth of STEM exposure via

research meetings, presentations, conferences, and organizational club meet-

ings. Through these activities, students can evaluate their STEM commitments

by observing how well their interests and abilities align with research goals and

future career options. Although a vast majority of AIMS students who majored

in STEMdid not pursue undergraduate research, theywere still exposed to research

opportunities through informal (research meetings) and formal (conferences) con-

texts. Students reported through testimonials that participation in research helped

them feel like a scientist by being around other scientists. One participant even

responded after joining a chemistry lab, “It’s nice being around real scientists and

doing chemistry. Now I know why I chose chemistry as my major.” These self-

reports indicate the importance of active participation in STEM.

Another academic support program is the Meyerhoff Scholars Program at

the University of Maryland, Baltimore County (UMBC; Maton et al., 2016).

This long-term retention program started with a summer bridge program and

followed high-achieving URM students throughout college. Researchers

investigated the mechanisms that promote STEM identity strength from the

end of the summer bridge program through sophomore year. They found that
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over the course of this time period, perceived benefits of the program medi-

ated the relation between sense of belonging and STEM identity (Maton

et al., 2016). The perceived benefits measure inquired about financial aid,

study groups, tutoring, academic advising, personal counseling from staff,

mentoring and support, organized social activities, faculty involvement, inter-

actions with UMBC administrators, the Meyerhoff community, and profes-

sional development. The Meyerhoff Scholars Program also demonstrates

excellent objective outcomes such that, students were five times more likely

to pursue STEM PhDs compared with similar students who did not participate

in the program (Maton et al., 2012).

The Biology Scholars Program (BSP) at the University of California,

Berkeley, was designed to increase the academic success and retention rates

for URM students pursuing the biological sciences (Matsui, Liu, & Kane,

2003). In addition to receiving traditional elements of ongoing academic sup-

port programs like career services, research opportunities, advising, and men-

torship, they were given resources to address personal and family issues. The

URM students who participated in BSP graduated with higher GPAs than URM

biology students not in BSP and had comparable GPAs to non-URM non-BSP

students. Also, they graduated at higher rates than both URM and non-URM

university students. These promising findings suggest that achievement gaps

between URM and non-URM students can be closed, given the right circum-

stances and opportunities.

In a separate investigation of BSP, Estrada and colleagues (2019) examined

longitudinal changes over the first year of college in BSP students’ STEM

identity, STEM self-efficacy, STEM values, and intentions to persist in STEM

across four time points. Estrada et al. (2019) found no changes in these social

psychological variables. They interpreted the stable levels as positive psycho-

logical indicators given that the first year of college marks a difficult transi-

tion period when URM STEM students are at a relatively high risk of

attrition.

7.1.2 Living Learning Communities

Living learning communities (LLCs) are a notable example of an ongoing

academic support program (Davis, John, Koch, Meadows, & Scott, 2010;

Gilmer, 2007; Maton et al., 2012; Soldner, Rowan-Kenyon, Inkelas, Garvey,

& Robbins, 2012). STEM-focused LLCs consist of residence halls for STEM

students to live together in one location. These residential communities provide

increased opportunities for mentorship and interactions with peers and STEM
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faculty. The 2007 National Study of Living-Learning Programs collected data

on STEM- and non-STEM–focused LLCs across forty-six universities (Inkelas,

2008). Soldner et al. (2012) performed structural equation modeling on these

data to examine STEM-focused psychological and academic outcomes between

URM and non-URM students. Peers and faculty members influenced all stu-

dents through two distinct pathways: academic support and social support.

LLCs provided extra opportunities for academic conversations among peers,

which consisted of study groups or discussions about content learned in classes.

Academic peer conversations and course-related faculty interactions indirectly

predicted STEM interest, college grades, and intentions to major in STEM. In

addition, non-course-related faculty interactions predicted STEM interests.

Thus, formal and informal interactions with faculty members and peers reflect

an essential component of academic success. Furthermore, STEM students in

LLCs were constantly surrounded by fellow STEM community members who

offered emotional support, which indirectly predicted intentions to major in

STEM.

7.2 Discussion

The first year of college represents a transitional period when students adjust to

a new community and daily routine. Students who decide to pursue a STEM

major start a process of academic and social integration that supports their

developing STEM identity (Estrada et al., 2018; Kelman, 2006). Social identity

development is, at least in part, a top-down process in which individuals learn

from group leaders about the values, norms, and expectations consistent with

a group identity (Postmes et al., 2006). When these beliefs are transmitted from

STEM leaders to incoming students, they are maintained in a STEM community

of peers. Interactions with peers results in two distinct pathways: active trans-

mission through direct instructions and passive transmission by witnessing

STEM ingroup members’ behaviors.

LLCs support these pathways through formal and informal opportunities for

exploration in depth. LCCs that offer STEM-central communities provide

students an opportunity to negotiate their STEM identity with other ingroup

members. According to the identity formation literature (e.g., Postmes et al.,

2006), fellow ingroup members help students evaluate their STEM choices and

determine the content of their STEM identity. Moreover, social identity theor-

ists posit that individuals cannot fully identify with their ingroup without

comparing them with an outgroup (Postmes et al., 2006). STEM students

understand their group membership by differentiating themselves from non-

STEM students. This process should be especially important for URM students
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who often feel excluded from STEM as a group and discipline. Thus, students

may develop STEM ingroup favoritism during Phase 3: College First Year,

which may contribute to feeling committed to their emerging identities.

The academic and social transitions of the first year of college are character-

ized by heightened stress stemming from uncertainty and lack of information

(Schweiger & DeNisi, 1991), and students have yet to fully develop the neces-

sary skills to succeed in their new environment (Robbins et al., 2006). Mentors

can help alleviate stress during social identity transitions by teaching first-year

students how to adjust to an unfamiliar environment (Phinney et al., 2011) and

what norms and behaviors are needed to succeed in STEM. Undergraduate

student mentors quell uncertainty concerns regarding social belonging by

providing social connections and friendship while imparting knowledge rooted

in recent experiences related to classes, research, and campus life (Phinney

et al., 2011). These lessons are particularly important for first-generation col-

lege students, a group that is more likely to include more URMs than non-

URMs.

The findings from BSP (Estrada et al., 2019) indicate that URM students who

participated in STEM interventions may not consistently demonstrate increases

in STEM identity, self-efficacy, and intentions. Because the first year of college

introduces students to difficult coursework among other transitional challenges

such as separation from family and friends, student expectations are adjusted to

reflect a more realistic understanding of the time, effort, and skills required for

STEM success. Therefore, stable STEM identities and self-efficacy are not

necessarily a failure of the STEM intervention – they reflect sustained pursuit

of STEM goals in the face of a rigorous time of integration.

Two early-stage ongoing academic support programs were not mentioned

earlier because they did not include measures of social psychological variables,

but they do provide evidence of objective academic success. First, the

University of Michigan STEM Academy (M-STEM) provided ongoing aca-

demic support to talented diverse engineering students during their first year of

college (as well as the summer transition and sophomore year periods; Davis

et al., 2010). URMs who participated inM-STEM had superior GPAs compared

with engineering URMs who did not participate in the program. Second, the

Program for Excellence in Education and Research in the Sciences (PEERS) at

UCLA socializes URM students to the roles and expectations of the institution

and their academic major through instruction and by immersion into a diverse

STEM community (Toven-Lindsey, Levis-Fitzgerald, Barber, &Hasson, 2015).

Relative to a matched comparison group, students in PEERS had higher grades

in most gateway STEM courses and higher cumulative GPAs and persisted in

a STEM major at higher rates.
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Taken together, Phase 3: College First Year interventions and their

components of mentorship, community, and research opportunities support

success among URM students, thus addressing the achievement gaps

between them and their non-URM student counterparts (Matsui, Liu, &

Kane, 2003).

8 Phase 4: College Second Year through Graduation

Finally, Phase 4 represents the second year of college through graduation.

The second year of college starts a transition period that marks a new phase

of a student’s college career (Hurtado, Carter, & Spuler, 1996). This phase is

marked by far more choices, autonomy, and independence. Many students move

off campus and leave their structured STEM communities (e.g., see the

Michigan STEM academy; Davis et al., 2010); they consequently, lose much

of the structured academic and social support these communities provide.

Students also finish many required gateway courses resulting in more freedom

to choose their classes. Last, most universities require students to declare

a major during this phase leading to final commitment making, but this can be

linked to either ruminative exploration or final exploration in depth. The ultim-

ate goal of Phase 4 is for students to fully integrate, which is supported by late-

stage ongoing academic support programs.

8.1 Late-Stage Ongoing Academic Support Programs

In Phase 4, students enjoy greater academic autonomy and choices and look

ahead to post-graduation career plans. But with these exciting prospects

comes the potential for experiencing ruminative exploration and its harmful

psychological and mental health outcomes. Late-stage ongoing academic

support programs and the guidance they provide aid students during Phase

4. Late-stage ongoing academic support programs tend to include the

structure and content of Phase 3’s early-stage academic support programs,

in addition to support services such as graduate school exam preparation

and advanced research opportunities such as senior thesis projects.

8.1.1 Ruminative Exploration

Ruminative exploration refers to a repetitive cycle of ruminative thoughts that

results in feeling unable to control the current situation (Luyckx et al., 2008).

Compared with exploration in depth, which is characterized by adaptive ten-

dencies (e.g., curiosity, interest), ruminative exploration is characterized by

maladaptive tendencies (e.g., depression, anxiety). Ruminative exploration is

uniquely associated with lower levels of self-esteem and self-rumination,
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whereas exploration in depth is uniquely associated with self-reflection and

unrelated to self-esteem (Luyckx et al., 2008). Relevant to STEM identity

development, ruminative exploration may be associated with academic burn-

out – feelings of emotional exhaustion and diminished accomplishment (Yang,

2004). Academic burnout can lead to reduced work motivation and higher

dropout rates (Meier & Schmeck, 1985). While it is normal to experience

some anxiety during developmental periods of identity exploration and identity

achievement (Kaplan & Flum, 2010; Schwartz, 2001), academic support pro-

grams should include efforts to minimize or even thwart ruminative exploration

and its psychological and mental health outcomes. These consequences can

further manifest as lack of commitment to the university and loss of interest in

STEM. Maintaining a STEM community through continued mentorship,

research participation, and contact with fellow STEM peers may prevent

ruminative exploration and its consequences during the final phase of integra-

tion. Moreover, a strong STEM identity can buffer STEM students from college

stressors that result in poor academic performance and high dropout rates

(Osborne & Jones, 2011; also see Finn, 1989).

8.1.2 Final Exploration in Depth and Final Commitment Making

Final commitment making occurs during Phase 4 because students declare

a major(s), start forming future career plans, and often engage in original

research. As such, final commitment making works in tandem with final

exploration in depth, which is characterized by the evaluation of one’s commit-

ment to a specific STEM major. Exploration during Phase 4 is distinct from the

earlier phases of integration because instead of weighing multiple identity

options, students evaluate a single identity rooted in their STEM major.

STEM identity development is an ongoing process of continuously revising

and reevaluating group membership. URM students need to conclude that their

STEM identity associated with their major closely aligns with their values,

abilities, and personal interests. After a period of exploration via internal (self-

reflection) and external (interacting with fellow scientists, participating in

research, receiving mentorship) processes that start in Phase 1, students should

feel satisfied with commitments made during Phase 4. Examining this single

identity through various environments and experiences should result in a strong

identification with STEM.

8.1.3 Full STEM Integration

Consistent with academic integration in general (Tinto, 1975, 1988), STEM

integration reflects high levels of formal and informal STEM community
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participation. Phase 4 provides new formal participation opportunities like

completing advanced college courses, being a member of research labs, and

going to conferences, as well as ongoing informal participation opportunities

like study groups. Formal and informal participation in STEM influences

students’ recurring exploration and evaluation of their commitment to STEM

and their relationships with peers, mentors, and faculty. Moreover, both forms

of participation ultimately help students achieve full STEM integration and

a strong identification with STEM. Evidence for these relations come from

reports on late-stage ongoing academic support programs.

In the AIMS program previously discussed (Gilmer, 2007), junior and senior

students were also given graduate school entrance exam preparation to support

their post-undergraduate STEM trajectory. Though retaining more students in

the undergraduate STEM community is a primary goal of most ongoing aca-

demic support programs, post-undergraduate plans are essential for addressing

the lack of qualified URM students going into graduate school and careers.

URM students started planning and preparing for graduate school during Phase

4 through admission test workshops, career exploration services, and guidance

from faculty mentors. In addition, upper-level students in Phase 4 presented

talks to lower-level students about experiences ranging from STEM research to

off-campus living. STEM talks benefit upper-level students through gaining

presentation experience, but lower-level students also gain important identity

development aspects through the transmission of ingroup experiences. AIMS

scholars were retained at a 90 percent rate compared with 72 percent for

a matched comparison group (Gilmer, 2007).

In the ASCEND program at Morgan State University, a primarily URM-

serving institution, upper-level undergraduates participated in student-led

research (Kamangar et al., 2019). ASCEND students experienced the entire

research process including picking a topic, writing a proposal, and conducting

research under the guidance of graduate students and faculty members.

ASCEND also emphasized peer teamwork and group projects, which provided

community and opportunities to learn from one another. Using quantitative

measures, students were asked to report their current and retrospective beliefs

from before they joined the program. Students reported increases in science

identity strength, peer support, and self-efficacy. Students further reported in

a qualitative assessment that ASCEND provided them with a welcoming com-

munity where they improved their social, research, and leadership skills.

Bystydzienski et al.’s (2015) high school engineering intervention described

in Section 5 followed the mostly female URM students through college. Only

33 percent of the students pursued a STEM degree during college.

Socioeconomic status predicted who pursued STEM during college; many of
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the URM female students did not have the financial resources to attend a college

with an engineering program or even attend any college. Also, women who

started college in pursuit of a STEM major and later switched to a non-STEM

major reported on qualitative measures (face-to-face interviews, Facebook

personal site postings, and direct messaging) that a lack of support from

peers, faculty, and advisors was the key factor that drove them to change majors.

A large-scale longitudinal study of URM students across fifty universities

surveyed junior and senior undergraduate students to examine post-graduation

persistence (Estrada et al., 2018). Students were recruited from the US National

Institutes of Health’s Research Initiative for Scientific Enhancement (RISE)

program and other similarly structured URM STEM interventions. URM stu-

dents who participated in a STEM intervention were matched with comparable

URM students who did not participate in an intervention. The study found that

STEM identity was associated with long-term STEM persistence including

choosing a STEM career post-graduation. The researchers further identified

that quality mentorship and research experience predicted STEM career choice

via STEM identity. The large and representative sample in a longitudinal study

suggests that mentorship and research experience are definitive contributors to

URM STEM identity and subsequent STEM persistence.

Finally, Slovacek et al. (2011) investigated the efficacy of the Minority

Opportunities in Research (MORE) program at three large universities. MORE

is an ongoing academic support program composed of financial aid, mentorship,

STEM workshops, and a special emphasis on research opportunities. MORE

URM students worked in research labs that provided opportunities to interact

with faculty. The study identified specific aspects of the research experience that

significantly predicted STEM persistence post-graduation – namely, conference

presentations, mentorship from a faculty member, and faculty members’ support

for campus challenges outside of research. Presenting at research conferences

highlights the value of active STEMparticipation, and it can also prepare students

for the expectations of graduate school. Finally, faculty member support empha-

sizes the importance of academic as well as emotional support.

8.2 Discussion

The success of Phase 4 programs is linked to the robust and diverse academic

and social support provided to students throughout the STEM integration

process. Late-stage ongoing academic support programs provide promising

rates of academic success by promoting a strong STEM identity. Ultimately,

the high retention rates suggest that under the right circumstances, URM

students can thrive in STEM.
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The findings from Bystydzienski et al.’s (2015) engineering intervention that

followed students from high school through college indicate that although

fostering STEM interest in young adulthood is important for promoting future

STEM intentions, barriers to STEM integration and success remain for female

URM students. College STEM programs can be isolating for female URM

students who face unique challenges related to their intersecting ethnic-racial

and gender identities (Armstrong & Jovanovic, 2017). Thus, creating strong

social support systems beyond high school is critical for addressing STEM

pathways, especially for students with two (or more) identifications with mar-

ginalized groups that intersect (Espinosa, 2011).

Students start looking ahead to future career plans during Phase 4. Whether

students intend to pursue graduate school or start a career post-college graduation,

they benefit from academic support programs that provide career guidance and

test preparation services. Two additional factors have been identified as contribu-

tors to post-graduation commitment. First, research experience is essential for the

pursuit of a STEM career (Carter, Mandell, & Maton, 2009; Pender, Marcotte,

Domingo, & Maton, 2010). Putting students in active research positions fosters

feelings of achievement and belonging and further develops their STEM self-

concept, compared with placing them in passive roles such as attending lecture-

hall courses (Ballen et al., 2017). Conducting research places students on the side

of knowledge creation instead of knowledge reception, which is meaningful for

perceiving oneself as belonging to STEM and being recognized by fellow scien-

tists and scientists-in-training. From social identity and self-categorization theor-

etical perspectives, participating in research provides more opportunities for

group socialization. Contexts that provide regular contact with fellow STEM

group members allow students to better understand shared characteristics and

beliefs of STEM programs and facilitate a meaningful and coherent STEM

identity and promote ingroup favoritism.

Second, the importance of taking on more leadership roles such as mentor-

ship during Phase 4 is consistent with research on the protégé effect, which

posits that students put forth more effort to learn material when they have to

teach it to someone else (Chase, Chin, Oppezzo, & Schwartz, 2009). Beyond

knowledge acquisition, some research even demonstrates that URM STEM

mentors end up with superior grades when compared with other students in

a STEM discipline (e.g., Gates, 2019). Therefore, there are objective (grades)

and subjective (social psychological changes) benefits to advanced undergradu-

ate students when they mentor lower-level STEM group members.

Finally, taking on mentorship and engaging in advanced active learning

facilitate identity formation (Gilmer, 2007; Kamangar et al., 2019). Phase 4

students’ transition from STEM mentee to STEM mentor signals greater
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integration into the STEM community. As STEM mentors, advanced URM

students become the transmitters of appropriate ingroup norms and values to

lower-level students. From the lower-level students’ perspective, learning about

STEM experiences from fellowURMSTEM students prepares them for unfore-

seen challenges and navigation of campus life. Becoming a STEM mentor

crystalizes URM students’ role in STEM and transitions them from passively

learning STEMmaterial to actively becoming a fully integrated group member.

Moreover, becoming a STEM mentor turns upper-level URM students into

STEM prototypes for other incoming group members. As such, Phase 4 men-

toring increases upper-level students’ STEM identity centrality while increas-

ing lower-level students’ STEM identity typicality.

9 General Discussion

Social identity research emphasizes the importance of centrality (Tajfel & Turner,

1986), typicality (Leach et al., 2008; Starr, 2018; Wilson, & Leaper, 2016), and

compatibility (Iyer et al., 2009) when URM students incorporate STEM into their

self-concept. Coupled with the assumptions of developmental identity perspectives

(Erikson, 1968; Luyckx et al., 2006, 2008), URM students need to be integrated

into STEM starting in adolescence and through adulthood to feel like a fully

committed STEM group member and to achieve a strong STEM identity. This

Element organizes these STEM integration and identity processes for URM

students into four phases. Phase 1: High School highlights initial exploration in

breadth; Phase 2: Pre-college Summer consists of continued exploration in breadth,

initial exploration in depth, and initial commitment making; Phase 3: College First

Year involves continued exploration in depth and continued commitment making;

and Phase 4: College Second Year through Graduation reflects ruminative explor-

ation (and its prevention),final exploration in depth,final commitmentmaking, and

full integration in STEM. We reviewed fifteen STEM interventions that provided

empirical support for these four phases, most importantly highlighting the themes

of URM students’ integration into STEM, and the development of their STEM

identity and its relation to STEM success. Furthermore, twomajor common factors

of STEM interventions were observed across all phases – mentorship and

a community of like-minded peers. Next we reflect on the major themes of our

review and then provide an analysis of the limitations and future directions of the

state of STEM intervention research.

9.1 Exploration and Commitment Making

Since STEM identity development is an iterative process of exploration and

commitment making, students should thoroughly assess their options from
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high school through college. The importance of providing students early and

broad exposure to STEM material is demonstrated in the success of STEM

interventions during Phase 1 and Phase 2. Before URM students can fully

integrate into and identify with STEM, their interests need to be sparked

through exploration and commitment making. Stimulating then maintaining

STEM interest is an important first step in developing a strong STEM identity

(Lent et al., 1994). Students should not feel tied to a commitment because of

external sources such as parents pushing them to pursue STEM, as this will

result in a weak STEM identity (Kelman, 2006). The process of exploration

formally starts in high school, a low-stakes time period when they are pre–

commitment making. A lack of early exposure to STEM in high school

represents one reason students shy away from STEM or believe that becom-

ing a medical doctor is the only STEM career option. To formulate academic

and professional goals, students need to thoroughly examine their interests as

early as possible. Similarly, only being exposed to STEM material in trad-

itional classroom settings is often not stimulating enough for students to

foster STEM interest and intentions.

Exploration looks different during each phase.While exploration may start as

simply learning the content of different STEM areas, exploration with each

phase should incorporate active research participation, conferences, and pres-

entations. STEM interventions highlight the value of exploring material through

active learning such as group projects, field trips, and involvement in research

laboratories. To fully identify with STEM, students need to do science as an

integrated STEM community member and not just as a student in STEM

coursework. Receiving information in a classroom is passive and may feel

impersonal due to large lecture-style courses. However, working in a research

laboratory provides opportunities to interact with scientists and other scientists-

in-training in close interpersonal professional settings. Experiences with STEM

outside the classroom may help students engage with STEM material in more

novel and exciting ways. Therefore, exploration should start broad during

earlier phases then narrow in depth as students integrate in STEM.

When students are in college and commit to amajor, they benefit from continued

exploration in depth by gathering information and weighing alternatives with

respect to their commitments. The resolution of conflicting interests is valuable

in the context of STEM commitments because it reduces dissonance that can arise

from feeling forced into a given major and not knowing if their interests may be

better suited for another career. Thus, exploration and commitment making repre-

sent a cyclical process that continuously shapes one’s STEM identity.

Though high-quality education and training during high school and college

are essential for developing STEM identities, barriers remain for URM students
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post–college graduation in graduate school and their professional careers. Some

reports demonstrate that the greatest disproportionate loss of URMs compared

with non-URMs occurs during the transition from undergraduate to graduate

programs (e.g., Allen-Ramdial & Cambell, 2014). Effective late-stage ongoing

academic support programs prepare students for the rigors of graduate school

and/or the STEMworkforce by teaching the expectations, norms, and standards

for the multiple stages across the STEM pathway. To provide a smooth, psy-

chologically adaptive transition from undergraduate to graduate programs,

students must strongly identify with STEM, hold high self-efficacy, and be

committed to future goals in STEM. These factors also impact the transition into

a career in STEM.

9.2 Changing the STEM Prototype

A pervasive concern for URMs entering and staying in STEM is the perceived

incompatibility between their ethnic-racial identities and their STEM identities

due to cultural stereotypes about who does and does not belong in STEM

(Beasley & Fischer, 2012; Kellow & Jones, 2008). In response to negative

cultural stereotypes, stigmatized group members make the stigmatized domain

less central to their self-concept (Major et al. 1998). One way to combat the

perceived lack of fit in STEM is by diversifying the STEM prototype of White

or Asian men (Dasgupta, 2011; Stout et al., 2011). The more URMs are in

contact with diverse STEM ingroup members, the more accessible a diverse

STEM prototype, which, in turn, promotes perceived compatibility of URM

students’ ethnic-racial identity with their emerging STEM identity. Mentors and

peers from URM groups can promote diverse STEM prototypes and their

subsequent benefits.

9.2.1 Mentorship

This Element highlights the importance of providing students with an array

of mentors but also demonstrates the unique influential role of advanced

undergraduate students as peer mentors. In Phases 1–3 of integration, lower-

level URM students benefit from witnessing and learning from someone with

a similar background who is successful in STEM. Providing URM students

a mentor with overlapping identities facilitates four psychological processes:

(1) the transmission of STEM ingroup norms, (2) the ability to realistically

imagine their future selves achieving a STEM degree and setting STEM

career goals, (3) countering cultural stereotypes about who belongs in

STEM, and (4) learning how to navigate campus climates that may some-

times be isolating.
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The quality of mentorship – frequent warm and positive relationship

interactions – moderates STEM identity development (Kuchynka et al.,

2020). In these relationships, advanced undergraduate students serve as near-peer

mentors, who, as discussed earlier, are mentors slightly more advanced in their

academic trajectory who advise and support high school students, summer bridge

students, and first-year undergraduate students. Accordingly, the overlapping iden-

tities between near-peer mentors and mentees should promote social bonding,

familiarity, and accessibility. The STEM interventions reviewed throughout this

Element highlight the importance of near-peer mentors across each integration

phase (Phase 1: Kuchynka et al., 2020; Phase 2: Bruno et al., 2016; Graham

et al., 2016; Pritchard et al., 2016; Reyes, Anderson-Rowland, & McCartney,

1999; Phase 3: Gilmer, 2007; Phase 4: Kamangar et al., 2019). Of particular interest

is the potential scalability of near-peer mentors across high schools and college

campuses. Given the dearth of URM STEM faculty members, undergraduate

upper-level STEM students are a large, untapped population of potential URM

mentors in academic settings.

URM STEM students who enter Phase 4 continue to be mentees but become

mentors as well. More specifically, they receive mentorship from faculty

members or graduate students, but they also reach the point in integration

where they become the transmitter of ingroup values, norms, and behaviors

they started learning in the early phases of STEM integration. Moreover, being

a mentor has dual benefits – it can increase the centrality of STEM into upper-

level students’ self-concept and increase lower-level students’ perceived

typicality of URM STEM group members.

9.2.2 Community of STEM Peers

Belonging to a community is particularly important for URM students in

STEM (Strayhorn, 2011), but this connection may be difficult to initiate and

maintain when URM students are in predominantly White higher education

institutions in addition to disciplines that are overly represented by White and

Asian men. With a focus largely on testing and grades in academic settings,

feelings of relatedness and belonging are often ignored as important contribu-

tors to academic success. Students need close relationships with like-minded

peers and mentors to gain access to valued resources such as knowledge,

research opportunities, tutoring, and guidance on career paths, which all

influence STEM identity. Notably, interventions find that feelings of belong-

ingness with a STEM community facilitate both STEM identity (Kuchynka,

Findley-Van Nostrand, & Pollenz, 2019) and STEM success (Mondisa &

McComb, 2015).
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9.3 Limitations and Future Directions

The STEM interventions reviewed here provide excellent empirically based

resources for institutions that wish to promote and improve the STEM academic

and professional success of their URM students. However, STEM intervention

science is relatively new and, like most novel research, it includes limitations

that need to be addressed in future research.

9.3.1 Methodological Approaches

Some STEM interventions only adopted qualitative methods such as interviews

and focus groups (Gilmer, 2007; Reyes, Anderson-Rowland, & McCartney,

1999). Qualitative methods offer valuable insights into student experiences,

such as spontaneous thoughts on and feelings about the valuable components of

a STEM intervention and suggestions for ways to improve programs. Interviews

and focus groups offer nuanced and comprehensive descriptions of students’

experiences often obscured with the sole use of quantitative methods. Thus,

qualitative methods offer a unique opportunity for researchers to explore

mechanisms for student success.

However, STEM intervention researchers should also include quantitative

methods to determine what psychological factors and processes predict academic

success. Their absence in STEM intervention research prevents researchers from

isolating the relatively strong and consistent factors and mechanisms that

strengthen (or weaken) STEM identity throughout integration. Furthermore, quan-

titative methods allow for meta-analyses, which could identify the most impactful

components across multiple STEM interventions. Finally, researchers need to

report effect sizes because they provide the magnitude of an intervention’s influ-

ence and allow researchers to compare findings across different interventions.

We also urge researchers to adopt quantitative methods because they allow for

advanced statistical modeling that tests for the factors and mechanisms underlying

positive changes in STEM interventions. This will permit researchers to more

definitively understand what contributes to STEM identity development and its

corresponding academic and professional success in STEM. To illustrate, tracking

changes in psychological variables over time (typically in a pre/posttest design)

should be a benchmark to understanding the causal effects of STEM interventions.

Furthermore, indirect effect models can address questions such as what program-

matic elements underlie increases in STEM identity and other social psychological

variables. The handful of researchers who have started this process demonstrate the

consistent and important roles of feelings of belongingness and mentorship in

STEM identity (e.g., Estrada et al., 2018; Inkelas, 2008; Kuchynka et al., 2019;

Kuchynka et al., 2020; Maton et al., 2016).
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9.3.2 Measuring Social Psychological Mechanisms

STEM interventions should regularly measure social psychological mech-

anisms such as STEM identity and STEM interest because they are key to

understanding success. The wide variability in what STEM interventions

measure and report makes it difficult to compare STEM identity and

integration across interventions. Though there are many published reports

on STEM interventions, only a small subset met our inclusion criterion of

measuring social psychological variables. Perhaps a standardized set of

validated measures could be used across interventions. For example, to

receive funding, the National Science Foundation could require

researchers to include these measures (in addition to researchers’ meas-

ures of interest) in their STEM interventions. Our review suggests that

researchers should measure STEM identity, interest, self-efficacy, belong-

ing, and future STEM intentions across two or more time points. Due to

the lack of consistency across measurements, the mechanisms underlying

some of the effects reported in this review are speculative. Measuring

social psychological variables and including them in quantitative models

would reveal important mechanisms that drive STEM academic and pro-

fessional success.

9.3.3 Experiences with Bias

Much of the research on URM students in STEM suggests that a primary issue

is experience with overt and subtle forms of bias, which can cause URM

students to feel isolated and as if they do not belong in STEM (Grossman &

Porche, 2014). However, to our knowledge, experiences with ethnic-racial

bias or perceptions of an inhospitable STEM context have not been measured

in URM STEM interventions. Overt forms of ethnic-racial bias reflect hostile

and antagonistic manifestations (e.g., harassment, group-based exclusion),

whereas subtle forms are ambiguous and often go unnoticed but are experi-

enced more frequently (e.g., avoidance, cold verbal or nonverbal cues)

(Deitch, Barsky, Butz, Chan, Brief, & Bradley, 2003). Both types of bias

may have unique consequences for URM student outcomes. For example,

subtle, compared with overt, forms of gender bias in STEM are associated

with poorer academic outcomes for women with weak STEM identities

(Kuchynka et al., 2018). Future research should test these findings in the

context of URM STEM student outcomes. Tracking URM students’ experi-

ences with bias will allow researchers to better understand the types of

negative experiences URMs face over time and what programmatic elements

best combat these experiences.
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9.3.4 Implicit versus Explicit Beliefs and Attitudes

STEM intervention researchers almost exclusively rely on self-report measures

of beliefs and attitudes. These measures are valuable for tracking experiences

related to explicit beliefs and attitudes stemming from conscious awareness and

controlled cognitive processes (Gawronski & Payne, 2011; Greenwald &

Banaji, 1995). However, researchers should also incorporate measures of impli-

cit attitudes and beliefs – that is, mental associations that are automatic and that

operate outside of the conscious awareness. According to Dasgupta et al.’s

(2011) stereotype inoculation model, subtle cues about STEM belongingness

may not be represented in URM students’ conscious awareness. Such cues can

be transmitted by observing the disproportionate ratios of URM to non-URM

students in STEM courses. These cues about belonging have a stronger impact

on implicit, compared with explicit, self-stereotyping (Stout et al., 2011). Since

URM students receive subtle messages about STEM stereotypes, the impact of

exposure to ingroup role models or mentors onURM students’ self-concept may

be observed onmeasures of implicit attitudes and beliefs. Only measuring URM

students’ explicit attitudes and beliefs may miss important aspects of STEM

integration and identity.

9.3.5 Implementing Lessons from STEM Interventions

As discussed in the Introduction, many research efforts have been implemented

over the past three decades to improve URM representation in STEM in the

United States, but they have yet to achieve parity (National Science Foundation,

2019). One reason might be that any gains observed are limited to STEM

interventions. STEM interventions are effective at increasing URM STEM

academic and professional success (Ashley et al., 2017; Estrada et al., 2018),

but URM students outside interventions continue to face barriers in STEM,

resulting in the sustained loss of potential talent. The lessons from STEM

interventions need to be applied to high schools and college campuses that

seek to improve URM STEM retention.

Inspired by lessons learned from past interventions, the present authors are

currently engaged in a series of cutting-edge intervention and research studies that

focus on URM STEM identity and persistence. Funded by the National Science

Foundation, the Louis Stokes Alliance for Minority Participation (LSAMP)

program is a multi-college alliance-based program aimed at increasing URM

student recruitment and retention in STEM across the United States (Clewell,

2006). LSAMP programs provide ongoing academic support for participants

throughout college and, in some cases, graduate school. Students receive aca-

demic support, research funding, research opportunities, and mentorship from
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undergraduate student peers and faculty members, and they participate in

a diverse community of LSAMP peers. We are investigating LSAMP URM

students’ experiences but also untangling the most impactful elements of this far-

reaching STEM retention program. Quantitative techniques are being applied to

understand what type of mentorship (undergraduate students, staff, and faculty)

promotes positive psychological processes and STEM outcomes. We are meas-

uring implicit and explicit attitudes and beliefs as well as investigating URM

students’ experiences with bias in STEM. One goal is to understand how experi-

ences with bias influence URM identity development and the psychological

mechanisms that buffer such experiences.

Also, we are adopting experimental designs to test recruitment strategies

targeting URM students and their effect on STEM interest. URM students in

STEM will also be longitudinally tracked over time to evaluate their STEM

identity formation through Phase 3: College First Year and Phase 4: College

Second Year through Graduation. Finally, we are using advanced statistical

models to test the underlying mechanisms that strengthen versus weaken STEM

identity across time, such as motivations, mentorship, belonging to a diverse

community, self-efficacy, and experiences with bias. This program of ongoing

and future research will inform both STEM science researchers and higher

education leaders and faculty about the programmatic and psychological elem-

ents most strongly linked to STEM academic success among URM students.

9.4 Implications

This Element focuses on the STEM experiences and success of URMs in the

United States because of the country’s historic systems of stratification that

created unequal educational and career access and opportunities for URM

populations (National Science Board, 2015). However, other countries have

a need for effective STEM recruitment and greater access to high-quality

education and training among their student populations (Schwab & Sala-

i-Martín, 2012). We suspect that many of the basic assumptions underlying

the findings reviewed in this Element generalize broadly. Though other coun-

tries do not have the same educational time periods as the United States (e.g.,

a three-month summer break before college), the basic principles of the iterative

exploration and commitment process still apply. In general, students need

varied and novel exposure to STEMmaterial during adolescence, which should

be shifted to more focused and active exploration and commitment during

college. Similarly, the efficacy of peer mentors and diverse STEM communities

should be just as important in other countries, especially those with diverse

URM groups.
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Although URMs face structural disadvantages that result in unique barriers in

STEM, many of the intervention components described in this Element are

important to non-URM student success as well. Connections to others via

mentorship relationships and a welcoming community of peers are essential

components of integration for all students (Tinto, 1975, 1988). However, these

needs are heightened for URMs because they are more likely to experience

belonging uncertainty in STEM and they face negative cultural stereotypes and

discrimination in STEM (Walton & Cohen, 2007, 2011).

9.5 Conclusion

In the United States, Black, Latinx, and Native American students remain

underrepresented across STEM disciplines, in large part because of ethnic and

racial biases in STEM and because URMs often lack adequate resources, access

to quality training, and ample opportunities (National Science Board, 2015).

STEM interventions can address these issues. When they establish the right

circumstances, URM students persist in STEM at the same rate as non-URM

students. Although this Element focuses on STEM identity development

through participation in STEM interventions from high school to college, its

findings can be applied to identity development more generally. STEM inter-

ventions often provide a controlled environment to evaluate dimensions of

identity development, allowing researchers to infer the mechanisms underlying

URM STEM success. The interventions in this review emphasize the import-

ance of STEM exploration and commitment, mentorship, and community.

Institutions should consider integrating the lessons from STEM interventions

to all relevant programs in high schools, colleges, and universities, if they wish

to promote and maintain STEM success among their URM students.
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