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To address the challenges facing racial minority students majoring in STEM during the
transition from high school to college, NSF funded Louis Stokes Alliances for Minority
Participation (LSAMP) programs throughout the country implement summer bridge
programs. Bridge programs vary in their focus on professional development, academic
support, research experiences, social activities, and in other areas, but all share an
intention to support students during their transition to college. Beyond retention, little is
known about how these varied summer bridge experiences impact student outcomes in
the first year of college. This study first describes the variability in the summer bridge
programs in the Alabama LSAMP Alliance and then examines how differences in students’
satisfaction with their experiences are associated with feelings of belonging and STEM self-
efficacy, two factors associated with STEM retention. Students (N = 145) who attended an
LSAMP summer bridge program were surveyed at three time points over the first year of
college. Findings indicated that bridge programs varied in their offering of academic
classes, academic support (e.g., study skills), research experiences, professional
development, and planned social activities. Students attending HBCUs scored more
favorably than students at PWIs on some measures; however, these differences could be
accounted for by satisfaction with bridge experiences. Satisfaction with specific aspects of
the bridge programs, especially orientation activities and getting to know other students,
were associated with feelings of belonging and STEM self-efficacy. These relations were
stronger for belonging. Over the course of the academic year, the relations between bridge
satisfaction and belonging and self-efficacy weakened.

Keywords: LSAMP, summer bridge, stem majors, belonging, self-efficacy, college retention

INTRODUCTION

The special challenges facing racial minority students majoring in STEM during the first year of
college are well documented and include poor academic preparation, difficulty with social and
academic integration, lack of disciplinary socialization, and racial discrimination (Carlone and
Johnson, 2007; Carter et al., 2009; National Research Council, 2011). To address these challenges,
Louis Stokes Alliances for Minority Participation (LSAMP) programs throughout the country have
implemented best-practice strategies and high impact activities, such as summer bridge programs, to
retain students in STEM (Clewell et al., 2006; National Research Council, 2011). The primary
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objective of this study is to examine how students’ perceptions of
summer bridge programs are related to belonging and STEM self-
efficacy, two psycho-social characteristics associated with
retention in STEM majors. A secondary objective is to
illustrate the breadth of offerings and focus of successful
summer bridge programs, which we hope will help other
LSAMP alliances in creating summer programs.

Summer bridge programs are important because they are often
the first point of contact between students and a higher education
institution, major faculty, and collegiate peer group. Although
broadly designed to improve retention, the specific objectives of
summer bridge programs are far ranging and vary considerably:

“Summer programs that include or target minority middle
and high school and undergraduate students provide
experiences that stimulate interest in these fields
through study, hands-on research, and the development
of a cadre of students who support each other in their
interests (p. 10, National Research Council, 2011)”.

“Bridge programs are designed to address the personal
and inhibiting institutional factors of undergraduate
students as they transition into college and have been
suggested to increase academic readiness, promote
inclusion and integration into the college academic
and social community, introduce the students to
available supportive institutional academic support
programs and services, and promote self-efficacy and
persistence (p. 36 Grace-Odeleye and Santiago, 2019)”.

As cases in point, the Challenge Program at Georgia Tech
described by Murphy et al. (2010) consisted primarily of
structured academic courses and a family support program. In
contrast, an LSAMP program in Tennessee described by Howard
and Sharpe (2019) had eight objectives that included academic
course preparation, as well as objectives related to research
experiences, motivation, and careers. This variability is also
reflected in the Alabama LSAMP Alliance, which is the focus
of the current research. One objective of this study is to describe
the variation in the bridge programs at the nine campuses in this
alliance, all of which were highly successful in the retention of
students in STEM majors in the first year. The description serves
as a resource for other programs considering a STEM bridge
program for students from underrepresented racial groups.

Despite their variability, Clewell et al. (2006) note that LSAMP
summer bridge programs share in common two characteristics,
the integration of students into academic institutions and the
socialization of students into their STEM profession. Thus, rather
than focusing on retention, this study focuses on how students’
experiences in summer bridge programs are related to two social
psychological factors, belonging and STEM self-efficacy, that are
associated ~ with  institutional integration, professional
socialization, and retention over the course of the first year of
college. Belonging refers to a sense of fit, identity, and supportin a
major (e.g., Walton and Cohen, 2007) and at a campus. Self-
efficacy is a student’s confidence that he or she has the necessary
academic skills to pursue his or her major (e.g., Bong and
Skaalvik, 2003).

Variability in STEM Bridge Programs

This is an improvement over past studies of LSAMP programs,
which have primarily considered retention and academic performance
indicators (e.g., Howard and Sharpe, 2019). It is also important to
consider that the adjustment tasks for first year students change over
the course of the academic year as the challenge of academic classes
increase. For these reasons, this study examined how students’
perceptions of the summer bridge program are related to their
sense of belonging and STEM self-efficacy at three time points
over the first year of college: at the start of the fall term, the start
of the spring term, and the end of the first year.

It is important to note that participants in the Alabama
LSAMP program met and often exceeded institutional
requirements for admission. For example, to receive an
LSAMP scholarship, students must have a minimum 3.0 GPA
and plan to major in a STEM field. As such, they would not be
identified as at risk for dropping out solely based on their
academic background. For this reason, this study focuses on
factors associated with retention within a STEM major, rather
than just retention in college.

Theoretical Foundations

Arnett’s (2000) theory of emerging adulthood identifies the college
years as a period when individuals make critical decisions about
marriage, careers, and childbearing. Although college students
have taken great steps toward independence, their lack of
experience and financial dependence makes this time period
both one of vulnerability and rapid personal growth. At a time
when parents, teachers, and friends are less available for support,
college students choose a major and career path. Eccles’ stage-
environment fit model (Eccles, 2004) proposes that school
transitions will have a negative impact on academic outcomes
when there is incongruity between a student’s needs and the social
context of schools. College adjustment is often difficult because,
compared to high school, classrooms are less personal with little
opportunity to develop relationships with classmates and
instructors. These problems are even greater when students are
faced with large introductory STEM classes. In college, competition
is more intense and expectations for autonomy and independence
are greatly increased. These issues are often more challenging for
students from underrepresented racial groups due to negative
racial stereotypes and a lack of same-race peers, faculty, and
role models (Carter et al, 2009; Grace-Odeleye and Santiago,
2019). LSAMP bridge programs are designed to ameliorate
some of the stress of the immediate transition and guide
students to successful completion of a STEM degree. In
theoretical terms, they are designed to “fit” the needs of racial
minority students as they embark on a STEM degree path.

A contribution of this study is its focus on the transition to college
over the first year. Little attention has been given to the impact of
summer bridge programs and the variation in students’ experiences
within these programs on the immediate transition to college and
subsequent adjustment throughout the academic year. Both the
emerging adulthood perspective and the stage-environment fit
model suggest that the needs of students immediately after they
come to campus will be different from those later in the semester.
Little attention has been paid to how variation in students’
experiences within these programs affects adjustment to college
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throughout the first year. Students’ experiences and priorities during
the first week of college are different from those at mid-term and the
end of the academic year. Finding friends and a social niche give way
to keeping up with coursework and stressing over exams. Career
aspirations may take a backseat to the immediate challenges of
surviving the first year of college. Bridge programs that focus on
post-graduate opportunities at the expense of academic preparation
and campus orientation may not meet the needs of students.
Similarly, programs that include a research experience may
promote students’ STEM identity (Estrada et al, 2018), yet if
students do not have the technical skills or enough disciplinary
content knowledge to fully understand the project, their STEM self-
efficacy and belonging may decline at the start of college.
Importantly, because students who enter the LSAMP program
vary in their background knowledge of their major and
preparation, the same experience may impact students differently.
For this reason, in this study the focus is on students’ perceptions of
their bridge experiences.

The choice to study STEM self-efficacy and belonging is
motivated by numerous models of academic achievement and
retention, some of which have focused on issues related to
student race and ethnicity (e.g., Tinto, 1987; Wigfield and Eccles,
2000; Bandura et al., 2001; Lent et al., 2005; Hurtado et al., 2009).
Although sometimes the labels change, most models identify
academic self-efficacy and belonging as key factors in academic
success. Self-efficacy has been found to be especially vulnerable
during transitions at earlier time points in schooling (Eccles et al,,
1993). Importantly, although STEM self-efficacy and belonging are
often hypothesized to be related to success of programs targeting
students in underrepresented racial groups (Lent et al., 2005; Carlone
and Johnson, 2007; Hurtado et al., 2009), there is limited quantitative
empirical research supporting these claims. (See Lent et al., 2005 for
an exception.) This study seeks to fill this gap.

Self-Efficacy

Independent of one’s actual abilities, self-efficacy is a judgment of the
probability of success at a task in an academic field, a vocation, etc.
(Bandura et al,, 2001; Bong and Skaalvik, 2003). Championed by
Albert Bandura in his social cognitive theory, self-efficacy plays a
critical role in achievement in that there is little incentive for people
to take on academic tasks or persevere in the face of challenges unless
they believe that their actions will lead them to success (Bandura
et al,, 2001; MacPhee et al,, 2013). A great deal of research indicates
that the perceptions of one’s ability are better predictors of
persistence and interest in an academic area than actual ability
(Bandura et al., 2001). For example, even when men and women
perform the same academically in math (as indexed by GPA,
coursework, etc.), women tend to underestimate their abilities,
whereas men do not, and this underestimation leads to women’s
eventual departure from STEM (Correll, 2001; Hill et al, 2010).
LSAMP programs provide mentoring, emotional support, modeling,
and guidance, all of which can be instrumental in promoting self-
efficacy (Cabrera et al., 2013). MacPhee and colleagues (2013), for
example, found in their study of STEM majors participating in a
McNair program that women were initially lower than men in self-
efficacy, but after completing the two-year mentoring program, self-
efficacy ratings improved such that women were on par with men.

Variability in STEM Bridge Programs

Belonging

It is critical for college retention that students feel integrated into the
larger campus setting and identify themselves as members of the
larger college community (Tinto, 1987; Clewell et al, 2006).
Belonging also describes students’ feeling of fit with the culture of
STEM (Cheryan et al., 2009; Cheryan et al., 2015) and their identity
with a STEM profession. Campus integration and professional
identity are both important for the retention of students and
often more challenging for underrepresented racial groups
(Walton and Cohen, 2011). First generation, minority, and low-
income college students do not have access to the same information
and resources as White and more privileged peers, making it more
difficult to understand the college culture and expectations. Racial
stereotyping and the stigma of being in a special program for racial
minorities can create problems fitting in with a discipline and the
larger campus at predominantly White institutions (PWI; Hurtado
et al., 2009; National Research Council, 2011; Walton and Cohen,
2011). Programs such as LSAMP might succeed due to their ability
to socialize students into the professional STEM culture, helping
them to internalize a professional identity and to build solidarity
with other professionals. In this study, we examine three
components of belonging: how well students feel that they fit in
with LSAMP programs and the larger campus (Cameron, 2004),
STEM identity (commitment to, and desire for high performance in
STEM; Chang et al, 2011), and the degree to which students feel
supported by faculty at their institution.

The Current Study

There are two aims to this study. The primary objective is to examine
how students’ perceptions of summer bridge program elements are
related to belonging and self-efficacy over the course of the first year
of college. Prior to addressing this objective, we describe the nine
LSAMP bridge programs in the Alabama Alliance, all of which had
nearly 100% college and STEM major retention over the first year. A
comparison of the degree to which each program provided
structured activities associated with best practices for STEM
retention is offered to serve as a resource to other LSAMP
programs in creating summer programs. Importantly, a bridge
activity label provided by a campus director may not fully
capture informal interactions during the program nor describe
the depth and breadth of these activities. For example, faculty
mentoring might occur in any activity where faculty are present,
even if an activity is not specifically labeled as such. For that reason,
we focus on student satisfaction with a common set of six
experiences (academics, campus orientation, getting to know
other students, research, professional development, and faculty
mentoring) and how satisfaction is related to belonging and
STEM self-efficacy. Examining these relations over the first year
of college provides insight into the lasting impact of summer bridge
programs.

METHOD

Sample
The nine campuses in the Alabama State alliance included five
comprehensive state public institutions, one of which was an

Frontiers in Education | www.frontiersin.org

June 2021 | Volume 6 | Article 667589


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Barth et al.

HBCU. The other four were private minority serving institutions
(i.e., HBCUs). The racial make-up of the institutions varied from
nearly 100% underrepresented racial groups at the HBCUs to a
range of 25%-43% at the PWIs. Statistics were not available for
the percentage of racial minority students in STEM majors at
each of the campuses. However, consistent with the national
trends, we would expect their representation to be lower in STEM
fields. In addition to the STEM bachelor’s degrees offered at each
institution, the five public campuses offered master’s and doctoral
degrees in STEM fields.

Similar to other LSAMP merit-based scholarship programs in
the United States, a minimum high school GPA of 3.0 was
established for entering freshman, and students had to meet
any other admission criteria for the institution sponsoring the
bridge program. All participants had to declare an intention to
major in a STEM field. In bridge programs that required students
to take academic summer school classes (n = 3), students must
have maintained a 3.0 GPA in their summer classes to receive the
scholarship for the upcoming academic term. In the first year and
beyond, students had to maintain a 3.0 GPA and remain a STEM
major to continue in the Alabama LSAMP Alliance. Participants
in this study were students who attended a summer bridge
program between 2017 and 2019 and completed at least one
follow-up survey as described below (Ns = 145, 128, and 125, for
the fall, early spring, and late spring time points, respectively).
The group was 54.1% male and predominantly Black or African
American (82.8%). Other racial groups represented included
Hispanic or Latino (6.6%) and multi-racial (10.6%). Students
provided their current major at each time point during the first
year. The most recent major provided by students indicated the
following percentages: 38% Engineering, 25% Biology and related
fields (e.g., pre-Med), 19% Computer Science, 7% Biochemistry,
3% Chemistry, 2% Physics/Astronomy, 2% Mathematics, and 5%
indicated another field.

A power analysis was conducted to assess the sample size
needed to detect a medium effect size, with alpha = 0.05 and
power (1 - B) = 0.80, and six predictors in the regression equation
using G Power (Faul et al., 2009). A sample size of 90 would be
able to detect a medium effect size (£ = 0.17). This sample size is
met or exceeded in the analyses.

Procedure
Prior to collecting data, the project was reviewed and approved by
the Institutional Review Board at the authors’ institution. Signed
consent was obtained from students at the beginning of the
summer bridge program. Campus directors at each institution
provided the investigators with a schedule or syllabus for their
summer bridge programs. Additional information was culled
from campus reports provided each semester. The length of
the bridge program and number of participants each year were
noted. The activities listed in the schedules were reviewed by the
investigators and categorized as described in the results section.
The frequency and amount of time dedicated to an activity
were noted.

Students completed surveys at the beginning of the fall term,
early in the spring term (focusing on the previous fall semester),
and late in the spring term at the end of the academic year

Variability in STEM Bridge Programs

(focusing on the spring semester). Survey items included in this
study are available in the online supplement. Surveys were
completed online for the first two time points, but at the last
time point students completed the survey either online or in
person at the spring student conference if they were in
attendance. Students were paid $10 for each survey they
completed. Surveys at each time point included several
measures related to perceived academic abilities, belonging,
support, STEM identity, and commitment to their major.
Before the start of each survey, participants were reminded of
their rights as research participants, including that their
participation was voluntary, their answers were confidential,
and they could withdraw at any time.

Survey Measures

Commitment to major was assessed at the beginning of the fall
and spring terms. Students indicated their commitment on a 7-
point scale (7 = very committed, 4 = unsure, and 1 = not at all
committed). At the third time point, students were asked how
likely they were to change their major on a 7-point scale in which
higher scores indicated greater likelihood of changing their major.
At each time point, students who were considering changing their
major indicated the new major (open-ended response).

Belonging was assessed with three measures, belonging to
college/program, STEM identity, and faculty support.
Belonging to the college and the LSAMP program were
measured by eight items. Six items were related to belonging
to the college (e.g., I feel I have a sense of belonging to this college/
university; I have a lot in common with other students on campus)
taken from Cameron’s (2004) measure of in-group ties. Two
additional items were author generated and related to belonging
to the LSAMP program at their institution (I feel like I have a lot
in common with the other LSAMP students on campus; I feel a
connection with the other LSAMP students on campus). Items
were rated on a 7-point scale (1 = strongly disagree to 7 = strongly
agree). Reliability of the scale was high with « ranging from 0.89 -
0.91 across the three time points.

STEM identity was assessed using four items adapted from the
Chang, Eagan, Lin, and Hurtado (2011; also see Espinosa, 2011)
measure for biomedical and biological science majors. Students
rated the importance of having a successful career, making a
theoretical contribution, getting recognition from colleagues in
their STEM field, and making a contribution that benefits
society. The latter item replaced the Chang et al. item
concerning finding a cure to a health problem. The desire to
benefit society was substituted because of its similarity to the
original item and due to findings that women and students in
underrepresented racial groups often pursue STEM to help
others (Carlone and Johnson, 2007; Thoman et al., 2015).
Items were rated on a 4-point scale with higher scores
indicating greater importance. Reliability of the scale was
sufficient, with « ranging from 0.60-0.75.

Faculty support was measured by three items adapted from the
Lubben et al. (2006) measure of social support. Students indicated
how many faculty (none, one, two, three to four; five to eight, nine
or more) they knew who they could call on for help; could talk to
about private matters; could ask for help with a course or

Frontiers in Education | www.frontiersin.org

June 2021 | Volume 6 | Article 667589


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Barth et al.

homework. Reliability of the scale was acceptable, with & ranging
from 0.75-0.79 over the three time points.

As might be expected, the belonging to campus/LSAMP score
was significantly correlated with the STEM identity and faculty
support scores at each time point. Thus, to simplify the
presentation of the results, the three scales were combined at
each time point to create a Total Belonging score. Because the
measures used different rating scales (4-point, 7-point and 9-
point), scores were transformed to Z-scores and then averaged
within each time point. Reliability of the combined measures was
high, with « ranging between 0.87 and 0.88 across the three time
points, further supporting this strategy.

Self-Efficacy for STEM academic performance was assessed by
three items modeled after a measure developed by Lent et al.
(2005), How confident are you that you have the [math, science,
spatial] skills necessary for your major? Students responded using
a 7-point scale (1 = no confidence and 7 = complete confidence).
Responses were averaged to create a STEM Self-Efficacy score.
Reliability was high, with « ranging from 0.81-0.86 across each
time point.

Summer bridge satisfaction was assessed at the beginning of
the fall term after all summer bridge programs were completed
and included six questions focusing on students’ satisfaction with
specific aspects of the bridge program. The specific aspects of the
summer bridge program included getting involved in research,
professional development (presentations on careers in STEM,
networking skills, resumes), academics (classes, refresher courses,
study skills), orientation to the campus/program, getting to know
other LSAMP students, and faculty mentoring/advising.
Examples of each type of activity were provided. Students
rated how well they thought each topic was covered during
the bridge program on a 7-point scale (1 = not at all to 7 =
very well). Mean satisfaction scores across the campuses indicated
students generally had a positive view of the bridge programs,
ranging between 5.18 (SD = 1.81) for Research and 5.81 (SD =
1.52) for Getting to Know LSAMP Scholars. Responses were also
highly correlated (range 0.319-0.743, Median r = 0.515). Thus, a
Total Satisfaction score was also created by averaging responses
across the six items. Coefficient alpha for Total Satisfaction
was 0.86.

RESULTS

Analytical Approach for Quantitative

Measures

Data have a nested structure in that students belong to one of nine
institutions. Typically, this would lead to using statistical
techniques, such a multilevel or hierarchical linear modeling
(MLM, HLM), to take into account the lack of independence
of student data within each institution. However, after reviewing
relevant statistical guides, including O’'Dwyer and Parker (2014),
Maas and Hox (2005), Raudenbush and Bryk (2002), and
Scherbaum and Ferreter (2009) this approach was deemed
inappropriate for this study. Similar to all statistical
procedures, the reliability of the results relies a great deal on
sample size. In ordinary least squares (OLS) regression this

Variability in STEM Bridge Programs

depends on the number of cases in the analysis. In HLM,
rather than the number of individuals, reliability depends on
the number of groups at the highest level in the model, which is
nine (i.e., the number of institutions) in this study. O’Dwyer and
Parker (2014) suggest that fewer than 20-25 groups may not
provide accurate estimates of regression coefficients. Maas and
Hox (2005) ran several simulations and reported that a minimum
of 50 groups with 20 individuals in each group are needed to
avoid biased estimates. Scherbaum and Ferreter (2009)
summarized previous studies on power and sample sizes and
noted recommendations varied from 20-50 level 2 groups,
depending on whether slopes or intercepts were being
estimated. We fail to meet any of these recommendations. As
a result, we proceeded using regression analyses to address the
main research questions.

It should be noted that the sample sizes for the survey
measures vary over time due to students failing to complete all
of the surveys. T-tests were conducted comparing those who
completed each survey to those who did not complete the survey
on common measures at the previous time points. None of these
comparisons were significant, suggesting that the variation in the
sample size over time was not systematically associated with
responses on the surveys.

Description of LSAMP Summer Bridge
Program and Commitment to Major

All bridge programs were held on campus and students
generally stayed onsite in student housing. The number of
students at each bridge site varied across the institutions and
over time. At the low end were programs with five or fewer
students and at the higher end were programs with eight or
more students. The variability in size was a function of grant-
imposed limits on funds available to each campus,
recruitment of students, and the ability of students who
were recruited to the LSAMP program to attend the
summer bridge program.

There was considerable variability in the length of the bridge
programs (Table 1). Three of the bridge programs ran
concurrently with summer school, and students were enrolled
in traditional summer school courses in addition to participating
in other bridge activities. One of these ran all summer
(~10 weeks), and the other two ran just one summer school
session (~5 weeks). Three bridge programs were 10-12 days, and
the remaining three were 5-7 days. Four of the programs ended
only a short time before the fall term began. For the rest, there
were several weeks between the end of the bridge program and
when school started.

Table 1 provides a summary of the common characteristics of
the summer bridge programs based on the review of schedules
and semester reports. Most of these characteristics are identified
as “best practices” for retaining students in STEM, including
academic support, research activities, and professional
development/career planning experiences (National Research
Council, 2011). These activities are listed in Table 1 because
there was considerable variability among the institutions in the
degree to which these were included in their bridge programs.

Frontiers in Education | www.frontiersin.org

June 2021 | Volume 6 | Article 667589


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Barth et al.

TABLE 1 | Description of Summer Bridge Activities for Each Institution.

Variability in STEM Bridge Programs

Campus Institution Type? Bridge Length in Days Academic Classes® Academic Support® Research® Prof. Dev® Planned Social

1 HBCU M M L-M M-H M H
Public

2 HBCU 6 L H L-M H L
Private

3 HBCU 12 M L L-M L H
Private

4 HBCU 32 H M L H L
Private

5 HBCU 4 L H L-M L H
Private

6 PWI 35 H L-M M L-M L
Public

7 PWI 70 H M H M L-H
Public

8 PWI 12 L-M L-M M-H M L-H
Public

9 PWI 5 H L L L L
Public

Notes. H = high, M = middle, L = low. There was some variation across the years in the content presented at different campuses that resulted in two classifications for an institution.
AAll public schools offered advanced degrees in STEM. Private schools did not offer advanced degrees in STEM.

bAcademic Classes: High = summer school courses; Middle = daily review session on selected topics over 1-3 weeks; Low = none.

“Academic Support: High = several sessions (at least 4) and topics occurring throughout a week; Middle = 2-3 sessions; Low = 1 or no sessions offered.

9Research: High = students developed a research project and presented it during the program; or several hands-on research activities; Middle = lab tours and research talks; Low = none.

®Professional Development: High = two or more sessions; M = one session; L = none.
'Planned Social Activities: High = at least one scheduled activity; Low = none.

Not listed in Table 1 is campus orientation, which all campuses
included and had little variability. Orientation activities included
campus tours, visits to or presentations from key non-academic
support service centers (student services, campus safety) and
welcoming remarks from administrators. Other activities not
included in Table 1 were idiosyncratic to specific campuses.
These include service activities, personal
development (self-reflection activities), money management,
and health education (HIV-AIDS). Additionally, time
dedicated to faculty mentoring was not apparent in the
summer bridge schedules, although during the academic year,
faculty advising/mentoring meetings were common. These
activities most likely occurred informally or in conjunction
with other activities but were not singled out in the schedules.
Next, a brief summary and comparison of the characteristics
presented in Table 1 is provided.

Most campuses (7 of 9) included academic classes in math or
science. Traditional summer school classes were included in three
programs (campuses 4, 6, and 7), in which students took two
classes (usually a math and a required non-STEM course, such as
English) offered in the regular summer school program.
Academic review classes differed from summer school classes
in that they were not credit bearing. These typically included
math (typically algebra) and science (typically chemistry
or biology). In Table 1, High = summer school courses;
Middle = daily review sessions on selected topics over
1-3 weeks; Low = none.

Academic support included workshops and lectures on topics
such as study skills, time management, and motivation. These
offerings varied across institutions and the different years of the
program. One campus (campus 4) primarily focused on these

community

skills, offering several sessions each day of the program. Most
covered 2-3 topics over the course of the summer, however, two
programs did not include any of these activities in their schedules.
In Table 1, High = several sessions (at least 4) and topics
occurring throughout a week; Middle = 2-3 sessions; Low = 1
or no sessions offered.

Research activities included tours of faculty labs, research-
oriented talks, and hands-on research activities. Two
institutions (campuses 1 and 7) required students to
develop a research idea that was presented at the end of the
bridge program. Two institutions (campuses 4 and 9) listed no
formal exposure to research as indicated on their schedules. In
Table 1, High = students developed a research project and
presented it during the program or participated in several
hands-on research activities; Middle = lab tours and research
talks; Low = none.

Professional and career development activities were not a
central part of any program, but six of the programs had at
least one session in this area. Session topics included
presentations by campus career service organizations, resume
writing, and explorations of STEM careers. In Table 1, High =
two or more sessions; Middle = one session; Low = none.

Although all programs offered time for students to socialize
outside of the bridge program, some programs built social
activities into the formal schedule. These included leisure
activities such as visits to local shopping areas and
attractions, recreational activities (e.g., bowling), and picnics.
The offerings varied from year to year with only three schools
(campuses 1, 3, and 5) reliably offering more than two such
experiences each year. In Table 1, High = at least one scheduled
activity; Low = none.
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Considering the information provided in Table 1 as a whole, it
can be seen that each of the nine campuses provided a unique
experience for their students. The distinctiveness of each campus
bridge program was included in the Alabama Alliance LSAMP
proposal to NSF to allow each site the flexibility to address what
they considered the challenges for first year students on their
campus, as well as the strengths of their STEM programs. The
activities cataloged are also listed as best practices for STEM
retention (National Research Council, 2011).

Despite the variability among the summer bridge programs,
retention of students in the program was quite high (meeting
GPA minimums and having a STEM major), at nearly 100% at
the end of the first year according to annual reports. Discontent
with a major and an intention to change a major, however, may
precede a student actually taking action to officially change
majors. Thus, we examined students’ commitment to their
STEM major at each time point during the first year. Mean
responses to the commitment to major question (possible range
1-7, with higher scores indicating greater commitment) were
quite high at the Early Fall and Early Spring time points, Ms =
6.04,6.01 SDs = 1.13, 1.08, respectively. Across the nine campuses
mean commitment to major scores ranged from 5.6-7.0 for Early
Fall, and 5.0-6.6 for Early Spring. A t-test comparison between
the two time points was not significant, £(116) = 0.31, suggesting
that generally commitment to major was stable over the fall term.
At the Late Spring time point, students were asked to rate the
likelihood that they would change their major and the mean score
was 2.4, indicating a low likelihood of changing majors (where 1 =
very unlikely 7 = very likely). Over the 3 years, 74 students who
had attended a summer bridge program indicated an intention to
change their major. However, within this group most (n = 53)
indicated another STEM major as their alternate. Collectively,
89.4% of the summer bridge participants remained committed to
a STEM major. Together, the evidence suggests that the summer
bridge programs in the alliance were associated with high
retention rates in STEM. We next turn to the association of
satisfaction with the summer bridge program and the social
psychological factors associated with Total Belonging and
STEM Self-Efficacy.

Relation Between Satisfaction with the
Summer Bridge Program and Total
Belonging and STEM Self-Efficacy

Before presenting the analyses associated with this objective, it is
important to consider that students from underrepresented racial
groups who attend HBCUs experience different campus
environments from those at PWIs, regardless of their major or
attendance at a summer bridge program (Winkle-Wagner and
McCoy, 2018). T-test comparisons between students attending
the two types of institutions on the bridge satisfaction measures
indicated that students at HBCUs were more satisfied than those
at PWIs, with marginally significant differences for two
satisfaction measures (p < 0.10 for Research and Professional
Development) and significant differences for three measures (p <
0.05 for Academic Support, Orientation, and Faculty Mentoring).
The difference for Getting to Know LSAMP Scholars was not

Variability in STEM Bridge Programs

significant. Total Belonging was significantly higher at the Early
Fall and Early Spring time points, and marginally significantly
higher at the Late Spring time point for students at HBCUs
compared to those at PWIs. However, STEM Self-Efficacy was
only significantly higher for HBCUs at the Late Spring time point.
As a result of these differences, in the regression analyses, a step-
wise regression approach was taken to determine if the campus
type accounted for any additional variance in Total Belonging or
STEM Self-Efficacy after the bridge satisfaction measures were
entered into the equation.

Correlations Between Bridge Satisfaction and
Belonging and STEM Self-Efficacy

Correlations between the Bridge Satisfaction measures (assessed
at the Early Fall time point) and Total Belonging and STEM Self-
Efficacy measures at each time point are presented in Table 2. At
the Early Fall time point, each satisfaction measure was
significantly or marginally significantly correlated with Total
Belonging and STEM Self-Efficacy. At the Early Spring time
point, Academic Support, Orientation, Getting to Know LSAMP
Scholars and Total Satisfaction were correlated with Total
Belonging, but none of the bridge satisfaction measures were
correlated with STEM Self-Efficacy. At the Late Spring time
point, Total Belonging was correlated with Academic Support,
Orientation, Getting to Know LSAMP Scholars, and Total
Satisfaction. In contrast to the Early Spring time point, at
this third time point, STEM Self-Efficacy was positively
correlated with each of the bridge satisfaction measures,
except Getting to Know LSAMP Scholars. It is interesting to
note that satisfaction with Academic Support, Orientation, and
Getting to Know LSAMP Scholars were most consistently
related to Total Belonging and STEM Self-Efficacy over the
first year.

Regression Analyses Predicting Total Belonging and
STEM Self-Efficacy

The correlation analyses suggest that many aspects of the
summer bridge programs have a positive impact on Total
Belonging and STEM Self-Efficacy. Regression analyses were
conducted to determine the combined impact of satisfaction
with the summer bridge components on Total Belonging and
STEM Self-Efficacy and to assess if attending an HBCU (over a
PWTI) accounted for variance on these two measures after taking
into account the summer bridge experiences. Although it was
highly desirable to assess if satisfaction with distinct components
of the summer bridge program were differentially predictive of
the outcomes, a challenge in these analyses was that the
significant correlations among the bridge satisfaction measures
could affect the reliability of the regression coefficients.
Consequently, two sets of regressions were conducted. In the
first set, Total Belonging and STEM Self-Efficacy at each time
point were predicted by Total Bridge Satisfaction and HBCU vs.
PWI status (HBCU = 1 and PWI = 0). Each of the predictors
was entered in a stepwise manner, allowing for the assessment
of the explanatory power of each (R’ change). These analyses
address whether attending an HBCU was associated with
better outcomes after taking into account Total Satisfaction
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TABLE 2 | Bridge Satisfaction Correlated with Total Belonging and STEM Self-Efficacy.

Bridge Satisfaction Early Fall N = 122 Early Spring N = 96-97 Late Spring N = 93

Total Belonging Self-Efficacy Total Belonging Self-Efficacy Total Belonging Self-Efficacy

Involvement in Research 0.247* 0.229* 0.139 0.029 0.147 0.254*
Professional Development 0.190* 0.230* 0.143 -0.012 0.104 0.268*
Academic Support 0.237* 0.160™ 0.308** 0.062 0.301* 0.275™
Orientation to College 0.407* 0.273* 0.406* 0.086 0.335"* 0.224*
Getting to Know LSAMP Scholars 0.361*** 0.254** 0.409"* 0.167 0.216* 0.122

Faculty Mentoring/Advising 0.297* 0.242* 0.145 0.038 0.045 0.214*
Total Satisfaction 0.378"* 0.301* 0.338"** 0.081 0.247* 0.291*

Note. The sample sizes for correlations with Professional Development are one less than the stated N due to incomplete data from one participant on this measure. *p < 0.05; *'p < 0.07;

Aok

' < 0.007 (2-tailed).

TABLE 3 | Regressions Predicting Total Belonging and STEM Self-Efficacy from Total Bridge Satisfaction.

Predictors Time 1 Early Fall Time 2 Early Spring Time 3 Late Spring
Total Belonging STEM Self-Efficacy Total Belonging STEM Self-Efficacy Total Belonging STEM Self-Efficacy
Step 1
Total Bridge Satisfaction 0.378"* 0.301** 0.338"** 0.081 0.247* 0.291*
R? Change 0.143" 0.090*** 0.114% 0.007 0.061* 0.085**
Step 2
Total Bridge Satisfaction 0.345" 0.281* 0.296** 0.057 0.232* 0.274*
HBCU vs PWI 0.121 0.074 0.124 0.071 0.047 0.064
R? Change 0.014 0.005 0.013 0.004 0.002 0.004
Total R? 0.157 0.095** 0.128* 0.011 0.063™ 0.089*
Total F 11.07* 6.28** 6.89** 0.52 3.02™ 4.38**
Total df 2,119 2,119 2,94 2,93 2,90 2,90

Note. Entries for the satistaction scores are standardized regression coefficients (beta). "p < 0.10; *p < 0.05; *p < 0.01; ***p < 0.001 (2-tailed).

TABLE 4 | Regressions Predicting Total Belonging from Bridge Satisfaction.

Predictors Time 1 Early Fall Time 2 Early Spring Time 3 Late Spring
Step 1 Step 2 Step 1 Step 2 Step 1 Step 2
Bridge Satisfaction
Involvement in Research 0.083 0.082 -0.197 -0.201 0.010 0.009
Professional Development -0.147 -0.139 -0.041 -0.038 -0.226 -0.224
Academic Support -0.134 -0.124 0.127 0.153 0.211 0.215
Orientation to College 0.381* 0.350* 0.305* 0.238 0.296™ 0.285™
Getting to Know LSAMP Scholars 0.204* 0.215* 0.324* 0.347* 0.116 0.119
Faculty Mentoring/Advising 0.157 0.139 -0.034 -0.067 -0.085 -0.089
HBCU vs PWI 0.061 0.135 0.019
R? Change 0.236"* 0.003 0.255"** 0.014 0.162* <0.001
Total R? 0.238"** 0.270™ 0.163
Model F 5.85* 5.05"* 5.09* 4,64 2.75* 2.33*
Model df 6, 114 7,113 6, 89 7,88 6, 85 7,84

Note. Entries for the satisfaction scores are standardized regression coefficients (beta). p < 0.10; "p < 0.05; *p < 0.01; **p < 0.001 (2-tailed).

with the bridge program. These results are presented in Table 3.  be considered cautiously. These results are presented in Tables

The second set of analyses was similar, except in the first step
the six individual bridge satisfaction measures were entered.
The R’ change statistic in the first step indicates the collective
amount of variance in Total Belonging or STEM Self-Efficacy
explained by these measures. These analyses also allowed us to
see if there are some bridge satisfaction components that were
more important than others in predicting these outcomes.
Because of the issue of multicollinearity, these results should

4 and 5.

The first set of regressions (Table 3) indicate that HBCU status
did not significantly predict Total Belonging and STEM Self-
Efficacy when Total Bridge Satisfaction was entered first in the
analyses. With the exception of STEM Self-Efficacy at the Early
Spring time point, Total Bridge Satisfaction was a significant or
marginally significant predictor of the two outcome measures,
with the variance explained ranging from 6% to 14% across the
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TABLE 5 | Regressions Predicting STEM Self-Efficacy from Bridge Satisfaction.

Predictors Time 1 Early Fall
Step 1 Step 2
Bridge Satisfaction
Involvement in Research 0.069 0.068
Professional Development 0.079 0.086
Academic Support -0.187 -0.177
Orientation to College 0.236™ 0.207
Getting to Know LSAMP Scholars 0.147 0.157
Faculty Mentoring/Advising 0.081 0.065
HBCU vs PWI 0.057
R? Change 0.127* 0.003
Total R? 0.129*
Model F 2.76* 2.40*
Model df 6, 114 7,113

Variability in STEM Bridge Programs

Time 2 Early Spring Time 3 Late Spring

Step 1 Step 2 Step 1 Step 2
-0.051 -0.053 0.062 0.059
-0.099 -0.097 0.071 0.080
0.059 0.074 0.173 0.184
0.037 -0.003 0.006 -0.030
0.169 0.181 -0.080 -0.069
0.021 0.001 0.108 0.095
0.080 0.064
0.033 0.005 0.095 0.003
0.038 0.098

0.51 0.50 1.48 1.30
6, 88 7,87 6, 86 7,85

Note. Entries for the satisfaction scores are standardized regression coefficients (beta). "p < 0.10; *p < 0.05 (2-tailed).

three time points. Neither Total Bridge Satisfaction nor HBCU vs.
PWTI status significantly predicted Early Spring STEM Self-
Efficacy. Together, these findings suggest that students’
experiences with the summer bridge program may affect both
Belonging and STEM Self-Efficacy over the first year of college.
The next set of analyses explores whether satisfaction with
specific aspects of the summer bridge program accounts for
these relations.

For Total Belonging (Table 4), the amount of variance
explained by Bridge Satisfaction measures was significant at
each of the three time points, but was higher for the two
earlier time points compared to the third (24%, 26%, and
16%, respectively). The addition of HBCU status in the second
step failed to produce a significant increase in R” at any of the time
points. A closer look at the beta coefficients in Table 4 indicates
that Orientation to College and Getting to Know LSAMP
Scholars were the only significant predictors at Time 1 and 2,
and there were no significant predictors at Time 3. The lack of
significant predictors and the decline in variance explained at
Time 3 suggests that over time the effects of the summer bridge
program on belonging diminish.

For STEM Self-Efficacy (Table 5), the bridge satisfaction
measures significantly predicted this outcome at Time 1, but
not at any other time point (Table 5). Although the first step as
a whole was significant, none of the individual Bridge
Satisfaction scores were significant on their own. HBCU
status did not contribute to the variance explained for any
of the time points.

DISCUSSION

The objectives of this study were to describe a range of successful
summer bridge programs and examine how student perceptions
of different program components are associated with belonging
and STEM self-efficacy. As illustrated in Table 1, the programs
varied considerably across a number of dimensions. The length of
the summer bridge programs varied from an entire summer to
4-5 days. Some programs placed a strong emphasis on preparing
students for STEM academic work through summer classes or

review sessions. Those that did not offer these experiences instead
emphasized providing academic support, such as study skills,
time management, and motivation techniques (campuses 2 and
5). Hands on research or laboratory experiences were offered by
three campuses (campuses 1, 7, and 8) and the others either
offered laboratory tours or talks, or did not emphasize research at
all. Despite this variability, satisfaction was high on all campuses,
and once students entered the fall academic term, regardless of
the content of the summer bridge program, they were very likely
to maintain a minimum GPA of 3.0 and continue their pursuit of
a STEM major.

It is important to note that each campus continued to offer
programs to the LSAMP scholars throughout the academic
year. Most had regular weekly or monthly meetings and
provided opportunities for students to engage in research
and professional development activities. All students were
expected to attend the annual LSAMP conference toward
the end of the spring term in which students presented
research posters and attended talks and workshops. Thus,
the success of the Alabama LSAMP program in retaining
students cannot be attributed to the summer bridge
experience alone. However, survey data collected early in
the fall term before most of these other program elements
had been implemented, suggests that the quality of student
experiences in the summer bridge programs was related to
important social psychological characteristics associated with
persistence in STEM, especially during the first semester of
college.

With respect to belonging, preliminary regression analyses
indicated that Total Satisfaction with the summer bridge
program was predictive of Total Belonging at each time point
(Table 3). Additional regressions provided insight into how
satisfaction with individual components of the bridge
experience were related to Total Belonging at each time
point. At the beginning of the fall term, student satisfaction
with multiple elements of the summer bridge program was
related to Total Belonging. Additional regression analyses
allowed for the examination of the combined effects of the
individual satisfaction measures and indicated a strong
predictive relationship for Total Belonging, explaining up to
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24% of the variance. Some caution must be taken in interpreting
the beta coefficients in the regression models since the satisfaction
measures are inter-correlated; however, the results suggest that
satisfaction with Orientation and Getting to Know LSAMP
Scholars may be the best predictors of belonging.

The second time point assessments took place after the first
semester had ended. Correlations indicated that satisfaction with
summer bridge Academic Support, Orientation, and Getting to
Know LSAMP Scholars were still positively related to Total
Belonging. Similar to the Early Fall time point, regression
analyses indicated that satisfaction with the bridge experiences
was highly predictive of Total Belonging, explaining up to 26% of
the variance. Again, Orientation and Getting to Know LSAMP
Scholars were more strongly associated with Total Belonging than
the other bridge satisfaction measures. After HBCU status was
entered at step 2 in the regressions, only Getting to Know LSAMP
Scholars was significant.

At the end of the year, the pattern of correlations between
Total Belonging and bridge satisfaction was similar to the second
time point. Although the regression analysis was significant at the
first step, the amount of variance explained was much less,
about 16%.

Together these findings suggest that satisfaction with the
summer bridge program had diminishing impact on feelings
of belonging at the end of the first academic year. According
to Eccles’ stage-environment fit model (Eccles, 2004) this might
be because bridge experiences are more attuned to helping
students with the adjustment tasks at the beginning of the
year (e.g., making friends, negotiating class schedules, and
course expectations). Additionally, more recent experiences in
the LSAMP program and on campus likely override experiences
that occurred nine or more months earlier. As noted above, some
caution must be taken in interpreting the beta coefficients in the
models. However, in combination with the correlation results,
they suggest that activities that help students orient to the college
and provide a social bond among fellow LSAMP scholars might
be especially important in creating a sense of belonging.
Orientation activities may be effective because they reduce the
anxiety associated with learning to negotiate a new living
environment, such as finding classrooms and dorm life, as
well as introducing students to key personnel and services
(e.g., the registrar, financial aid, student health services).
Developing social connections with other students is a key
factor in student retention (Tinto, 1987; Walton and Cohen,
2011) and so it is not surprising that getting to know others is
important. For STEM majors belonging to underrepresented
racial groups, making these connections might be especially
impactful (Walton and Cohen, 2011).

In contrast to belonging, the effects of satisfaction with the
summer bridge program on STEM Self-Efficacy were less robust,
explaining less variance compared to Total Belonging in nearly
every analysis. Total Bridge Satisfaction (Table 3) was associated
with STEM Self-Efficacy at the Early Fall and Late Spring time
points, but the amount of variance explained was considerably
less at the third (9%) than the first (14%) time point. When the
components of Bridge Satisfaction were considered (Table 5), the
overall regressions were only significant at the Early Fall time

Variability in STEM Bridge Programs

point and none of the individual Bridge satisfaction regression
coefficients were significant. Additionally, the amount of variance
explained by the satisfaction measures collectively (R® = 0.13),
was much less than that explained for Total Belonging at the same
time point (R? = 0.24).

It is curious that Table 2 indicates that most of the summer
bridge satisfaction measures were significantly correlated with
STEM-Self-Efficacy at the Late Spring time point but were not
individually significant in the regression analyses. This suggests
that whatever accounts for these correlations is not independent
across the bridge satisfaction measures, for example a generic
positive feeling about the experience. Thus, there seems to be a
cumulative or additive effect of these individual components. No
one of them has a strong enough impact to produce a significant
beta, but together the sum of their small impacts yields a significant
R®. More research is needed to understand this phenomenon.

Why was Total Belonging more strongly related to the summer
bridge experiences than STEM Self-Efficacy? One possibility is that
feelings of belonging may be more readily affected by the current
social environment. The Total Belonging measure consisted of
several components: belonging to campus and LSAMP, STEM
identity, and faculty support. These beliefs are likely susceptible
to the new experiences and social relationships formed in the
summer bridge program. Bridge programs may be more
successful at intervening in these areas than in areas related to
academic self-concept. Confidence in math, science, and spatial skills
is likely the result of many years of school experience. The additional
courses and review sessions offered by most of the campuses in our
alliance may not strongly affect students’ confidence in their
abilities, especially when the students have been high achievers
in their high schools prior to joining the program. On the other
hand, it is possible that the bridge programs are effective in
maintaining students’ high STEM Self-Efficacy during the first
year of college, a time when it might be expected to drop (Eccles,
2004). Additional research that includes a non-intervention
comparison group would help to understand this result.

An interesting finding in this study was that the advantages that
HBCUs have over PWIs in promoting a sense of belonging and
STEM self-efficacy were lessened by students’ participation in the
summer bridge program. Although this study only examined a
limited set of outcomes, this finding is encouraging because it
suggests that PWTs that engage in practices similar to the summer
bridge program may provide significant support to these students.

There are some caveats and limitations to the findings
presented so far. This study examined a variety of summer
bridge programs, but these are only a small representation of
the possible instantiations of LSAMP summer bridge programs
throughout the country. Furthermore, although the sample was
highly representative of the participants for three years of the
program, they may not be representative of students across the
U.S. Finally, the results do not extend beyond the first year of
college. However, there are already multiple studies showing the
efficacy of bridge programs for long-term retention of STEM
students, (e.g., Clewell et al., 2006; National Research Council,
2011) Nevertheless, one purpose of the study was to show the
variety and scope of different successful bridge programs, and we
have been successful in meeting the objective. However, future
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research with a larger sample and a greater number of programs
throughout the country is needed.

Several strengths must be noted as well. First, considering
multiple time points throughout the first year provided a
developmental perspective on the impacts of the summer
bridge program. Not surprisingly, the effects are stronger
for the first half of the school year compared to the end of
the second semester. Second, this study considered two social
psychological outcomes in the context of a program with a
highly successful retention rate for STEM majors, rather than
simply focusing on retention. Studying these factors may help
researchers and educators understand why bridge programs
are helpful to students. In this program, the promotion of
feelings of belonging is identified as a possible explanatory
factor.

In conclusion, this study contributes to the literature on best
practices for the retention of students from underrepresented
racial groups in STEM. It suggests that students’ perceptions
of summer bridge programs may be related to their future
sense of belonging, and to a lesser degree, their STEM self-
efficacy. Thus, beyond preparing students for the academic
rigors of college, summer bridge programs may promote
beliefs and attitudes that contribute to their success in
their major.
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