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Abstract

Our study tests the effectiveness of STEM Alliance, a
student organization aimed at increasing academic and
social support for students pursuing STEM majors. STEM
Alliance offered weekly, extracurricular activities aimed at
preparing students for graduate school and STEM careers.
Students attending STEM Alliance events showed greater
academic and social support, greater confidence in the
institutional environment, and increased contact with
faculty. First-generation students showed significant ben-
efits of participation in STEM Alliance; however, continu-
ing-generation students reported greater student-faculty
contact. Although our quasi-experimental design cannot
indisputably show a cause-and-effect relationship, our
research strongly suggests that STEM Alliance represents
apromising, inexpensive method of increasing support for
students pursuing STEM degrees.
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The Efficacy of a Student
Organization for STEM Students

Despite a substantial national effort to attract stu-
dents to science, technology, engineering and math-
ematics (STEM) careers, college graduation rates in STEM
majors do not meet the current job-market demand in
these fields (President’s Council of Advisors on Science
and Technology, 2012). Women, ethnic minorities, low-
income students, and first-generation students are more
likely to drop out of STEM majors in college than their
peers (Shaw & Barbuti, 2010). Some authors have sug-
gested that STEM programs provide an unwelcoming
environment for underrepresented groups (Friedrich, Sell-
ers, & Burstyn, 2007; Johnson, 2007). Interventions that
modify the institutional environment have been success-
ful at increasing support for underrepresented students
in STEM disciplines (Gross, lverson, Willett, & Manduca,
2015; Yelamarthi & Mawasha, 2008). Since many of these
programs are costly to administer, we were interested in
examining a low-cost institutional intervention aimed at

supporting STEM students. The intervention consists of
the formation of a student organization called STEM Alli-
ance. Since a large proportion of our student body consists
of first-generation college students, we were particularly
interested in increasing support for this group.

First-generation students, those whose parents did
not complete bachelor's degrees, are more likely to drop
out of STEM disciplines (Shaw & Barbuti, 2010), be eth-
nic minorities (Engle & Tinto, 2008), have low incomes
(York-Anderson & Bowman, 1991), and be more finan-
clally independent (Bui, 2002) than their peers. In college,
first-generation students suffer from a range of academic
(Soria & Stebleton, 2012) and social obstacles (Jenkins,
Belanger, Connally, Boals & Duron, 2013) that compro-
mise their ability to succeed in STEM fields. Not surpris-
ingly, first-generation college students show alarming
attrition rates: After six years, only 119% of first-generation
students complete their bachelor’s degrees, compared to
55% of continuing-generation students (Engle & Tinto,
2008).

Academic challenges represent formidable obstacles
for first-generation college students pursuing STEM ca-
reers (Soria & Stebleton, 2012). First-generation students
enter college with lower standardized test scores (Bui,
2002), critical thinking skills (Terenzini, Springer, Yaeger,
Pascarella & Nora, 1996; Jenkins, Miyazaki, & Janosik,
2009), and grade point averages (Pascarella, Pierson,
Wolniak, & Terenzini, 2004) than their continuing-gen-
eration peers. Lack of academic preparation makes first-
generation students more likely to be placed in remedial
mathematics courses (Jenkins et al., 2009). Academic un-
preparedness is complicated by the fact that first-gener-
ation students have greater off-campus work obligations
than their peers (Hsiao, 1992), making them unlikely to
have the time and energy to devote to academic activities
such as study groups and tutoring (Terenzini et al., 1996).
Thus, first-generation students face substantial academic
challenges that may compromise their ability to succeed
in STEM disciplines.

Research shows that first-generation students also
suffer from social obstacles in college (Terenzini et al.,
1996) and particularly in STEM disciplines (Lam, Srivat-
san, Doverspike, Vesalo, & Mawasha, 2005). First-gener-

ation students engage with faculty members and other
students less frequently (Kim & Sax, 2009; Pascarella et
al., 2004), and perceive college environments to be less
supportive than do their peers (Pascarella et al., 2004).
When they need advice, first-generation students tend
to turn to peers, rather than faculty and staff (Kim & Sax,
2009; Torres, Reiser, LePeau, Davis, & Ruder, 2006). Living
off-campus, in addition to greater work responsibilities,
may lead to difficulties in forming social bonds in college
(Pascarella et al., 2004). Social adjustment in college pre-
dicts a range of successful college outcomes including de-
gree attainment (Pascarella & Terenzini, 2005). Thus, both
academic and social obstacles compromise the ability of
first-generation students to be successful in STEM majors.
Several interventions have been shown to improve
support for first-generation college students in and out of
STEM disciplines (Stephens, Fryberg, Markus, Johnson, &
Covarrubias, 2012; Stephens, Hamedani, & Destin, 2014;
Gross et al., 2015). Although varied in approach, the goal
of most interventions is greater academic and social en-
gagement, which is associated with improved GPAs, per-
sistence from first to second year, and eventual degree at-
tainment (Astin, 1993; Pascarella & Terenzini, 1991, 2005;
Engle & Tinto, 2008; Yelamarthi & Mawasha, 2008).
Programs such as Living/leaming (Inkelas, Daver,
Vogt, & Leonard, 2007), FOcusing on CUltivating Sci-
entists (FOCUS), and Carleton Summer Science Fellows
(CSSF, Gross et al.,, 2015), use a holistic approach, that
strives to support students both academically and socially.
Living/leaming programs are residential campus com-
munities, while FOCUS and CSSF are cohort programs that
structurally integrate with the curriculum as mandatory
extensions to regular coursework. These programs provide
academic resources along with high levels of interaction
with students, faculty, and staff (Inkelas et al., 2007; Sha-
piro & Levine, 1999; Gross et al., 2015). Students report
greater ease in social and academic transitioning after
participating in these programs compared to those who
did not participate (Inkelas etal., 2007; Gross et al., 2015).
Holistic programs also tend to improve STEM enrollment
and retention (Gross et al., 2015). Some intervention
programs have even found “conditional effects,”in which
first-generation students benefitted more from the inter-
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vention than did continuing-generation students (Kim &
Sax, 2009; Pascarella et al., 2004; Wilsey, Friedrichs, Ga-
brich, & Chung, 2014). Holistic programs, while effective,
are also costly and require a huge commitment of institu-
tional resources (Brower & Inkelas, 2010). Moreover, these
programs are highly structured and time consuming,
making them most appropriate for students who live on
campus and are not employed. Our study tests a program
to increase academic and social engagement modeled af-
ter these holistic interventions. However, our program was
specifically aimed at being successful with low-income,
first-generation college students.

QOur study tests the efficacy of an intervention, STEM
Alliance, a student organization aimed at increasing aca-
demic and social support for STEM students at a Histori-
cally Black University (HBCU). Since we had few financial
resources and many commuter students, we were inter-
ested in improving STEM student support using inexpen-
sive methods that could involve commuter and residential
students alike. STEM Alliance sponsored 15-20 events per
semester for a full year. Some sessions were focused on
academic success (e.q., Graduate Record Exam prepara-
tion), while others were focused on social engagement
(e.g., discussions on social justice). The activities were
selected according to previous successful interventions
(Inkelas et al., 2007; Gross et al., 2015) and empirically
supported theoretical models (Pascarella & Terenzini,
2005; Tinto, 1975) showing that academic and social in-
tegration are strong predictors of student persistence and
success in higher education. We compared academic and
social support among participants who attended STEM
Alliance events and those who had not attended events.
Our hypotheses were as follows:

H1: Participation in STEM Alliance will be associated
with greater levels of academic and social support among
STEM students.

H2: First-generation college students will show even
greater benefit from attending STEM alliance events than
continuing-generation college students.

Methods

Participants were 141 students (94 women, 46 men,
1 did not report gender; M age = 20.77, SD = 4.58) re-
cruited from a Midwestern HBCU. Participants'self-report-
ed ethnicities were 65 African American, 54 White, and 17
other ethnicities (5 did not report ethnicity). There were
55 freshmen, 20 sophomores, 24 juniors and 38 seniors.
Participants self-reported being 36% first-generation stu-
dents (neither of their parents had completed bachelor’s
degrees).

The intervention group was defined as those students
who participated at least one STEM Alliance event over
the course of the academic year. STEM Alliance was or-
ganized by a faculty member and three committed STEM
majors who served as the organization’s officers. Our in-

tent was to provide academic and social support for STEM
students outside of the classroom environment at a low
cost. Therefore, the goal of each event was to provide aca-
demicinformation in a context of high social engagement
with students and faculty. To include substantial social
engagement time, each session included 30-75% active
group activities and/or discussions.

Over the course of a year, STEM Alliance held 39 events
including Graduate Record Examination (GRE) preparation
sessions (weekly, 28 sessions), a Journey to Graduate
School series (4 sessions), a Critical Conversations in Social
Justice series (4 sessions), and a Professional Development
in STEM Fields series (3 sessions). Five additional organi-
zational planning meetings were also held throughout the
year. Each meeting or event was 50 minutes long. Events
were advertised in STEM courses and though an email list
of STEM majors and faculty members. Event attendance
ranged from 9-46 students and 1-3 faculty members,
but typically consisted of about 15 students and 2 faculty
members. Although attendance was not mandated, fac-
ulty in STEM disciplines frequently awarded extra credit
points for student participation in events. Faculty mem-
bers also donated snacks for most events. Most speakers
and event facilitators were volunteer faculty members or
students, with the exception of GRE instructors who were
paid $2800 (5100/class session). GRE instructor pay rep-
resented the only monetary cost of the program.

Data were collected toward the end of the one-year
period during STEM courses. Of those surveyed, 82 stu-
dents had participated in at least one STEM Alliance event
and 59 students had never attended any STEM Alliance
event. Of those who attended STEM Alliance events, the
mean number of events attended was 5.32 (S0 = 5.08).

The survey packet contained demographic ques-
tions (age, gender, class, ethnicity, participation in STEM
Alliance, and first-generation status) and the Student
Support Needs Scale (SSNS; Hardy & Aruguete, 2014).
The SSNS is a 33-item self-report measure (o = .90)
designed to measure both academic and social support.
SSNS support scores positively correlate with student suc-
cess measures such as grade point average and frequency
of visits to professor office hours (Hardy & Aruguete,
2014). The measure assesses five student support sys-
tems: (1) Knowledge (6 items; o = .69 on our sample)
addresses whether students have the academic prepara-
tion to perform well, (2) Time and Energy (6 items; o =
.63) addresses whether students have the time, energy,
or finandial resources to complete the tasks necessary for
good performance, (3) Motivation (5 items; o = .77) ad-
dresses whether students desire and consider themselves
able to perform well, (4) Personal Contact (10 items; o
=.90) addresses the amount of interaction with faculty
members including receiving performance feedback, and
(5) Tools and Environment (6 items; ot = .78) addresses
whether students have adequate resources and a help-
ful work environment at the institution. For each item,

participants choose one of five response options ranging
from “Strongly Agree” (scored as 5) to “Strongly Disagree”
(scored as 1).

We calculated overall SSNS mean scores, in addi-
tion to mean subscores for Motivation, Personal Contact,
and Tools and Environment. We did not calculate mean
subscores for Knowledge and Time and Energy due to low
reliability estimates for these measures.

As a first step in the analysis, we examined whether
first-generation students attended STEM Alliance ses-
sions at the same rate as their continuing-generation
peers using a Chi Square test of independence. Using 2 X 2
ANOVAs, we then examined whether STEM Alliance par-
ticipation was associated with increased student support
and whether such participation disproportionally influ-
enced first-generation college students when compared
to continuing-generation students. Finally, we calculated
correlations assessing whether greater particpation in
STEM Alliance was associated with improved academic
and social support.

Results

We used a Chi Square test to examine the relationship
between first-generation status and STEM Alliance par-
ticipation. The relationship between these variables was
not significant, X4(1, V.= 118) = 1.08, p = .30, showing
that continuing-generation students were no more likely
to attend STEM Alliance events than their first-generation
peers.

ANOVA showed a main effect of STEM Alliance par-
ticipation on overall student support (SSNS Scores; See
Table 1, £, ,=4.83,p = 03; partial eta’ = .06). Students
who attended at least one STEM Alliance session (M =
3.89, SD = 47) reported feeling more supported than
students who did not attend any sessions (M = 3.77, SD
= 45). First-generation and continuing generation stu-
dents showed no significant differences (F1,79 =3.09,p=
08; partial eta = .04). We also found no significant inter-
action (F,,, = 1.4, p = .23; partial eta’=.02), meaning
that there was no support for the hypothesized condi-
tional effect that first generation students would benefit
from the intervention more than continuing-generation
students (See Table 1). Further analysis examined the in-
dividual support subscales to determine where differences
in support occurred.

We found a main effect of first-generation status on
motivation (SeeTable 1, F, =577, p = 02; partial eta’
= 05). First-generation students (M = 3.92, SD = .69)
reported feeling significantly less motivated than their
continuing-generation peers (M = 4.20, SD = .62). There
were no main effects of STEM Alliance participation (Fm6
= .65, p = .42; partial eta’ = .01), nor an interaction ef-
fect(F, ;= 1.07,p = 30; partial eta’ = .01) on student
motivation.

We found a main effect of STEM Alliance participa-
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Descriptive Statistics

First-Generation Students Continuing-Generation Students
Participants I\.Io.n- Participants Non-Participants
Participants

M SD M SD M SD M SD
Overall Support 3.74 .55 3.64 | .39 4.04 37 3.69 .37
Motivation 4.01 .85 3.76 | .58 4.19 .58 4.22 .67
Personal Contact 3.66 .76 3.60 | .61 4.13 .50 3.55 .70
Tools and 3.79 1 3.67 | .52 4.18 45 3.65 .52
Environment

participants
generation non-participants (n = 33).

Table 1.

tion on tools and environment (See Table 1; F, = 6.29, p
= .07; partial eta’ = .08). STEM Alliance participants (M
=397, SD = .67) felt as though they had a more sup-
portive environment at the university than those who did
not participate in STEM Alliance (M = 3.73, SD = .57).
There was no significant effect of first-generation status
(F,=211,p=15; partial eta?=.03), nor a significant
interaction (F, ,, = 1.07, p = .30; partial eta’ = .03) on
tools and environment.

We found a significant interaction between STEM
Alliance participation and first-generation status for
personal contact with faculty members. Participants who
never attended STEM Alliance events and first-generation
students who did attend STEM Alliance events all showed
relatively low personal contact with faculty when com-
pared with continuing-generation students who attended
STEM Alliance events (See Table 1, Fe=432p=04
partial eta? = .04). Contrary to our hypothesis, the STEM
Alliance intervention appeared to increase personal con-
tact for continuing-generation students more than it did
for first-generation students. There was a significant main
effect of STEM Alliance participation (F, = 641, p =
.01; partial eta = .05) on personal contact, with those at-
tending STEM Alliance showing greater personal contact
with faculty. However, the main effect of first-generation
status was not significant (F, ., = 2.82, p = .10; partial
eta’ =.03).

Finally, we examined Pearson correlations between
the number of STEM Alliance sessions attended and stu-

Note:”ParticiFants”are those students who attended at least one STEM Alliance session. Cell sizes are as follows: First-generation
n = 30), First-generation non-participants, (1 = 18), Continuing-generation participants (7 = 37), Continuing-

dent support (See Table 2). There was a significant rela-
tionship between events attended and the tools and en-
vironment subscale. Students who attended more STEM
Alliance events perceived the university to be a more sup-
portive environment for STEM students.

Discussion

This study examined the efficacy of STEM Alliance, a
low-cost intervention designed to increase the academic
and social support of STEM students. We were particu-
larly interested in whether STEM Alliance would increase
support for first-generation students. We found that
participation in STEM Alliance was associated with in-
creased overall student support, an improved perception
of the institutional environment, and enhanced personal
contact with faculty members. First-generation and con-
tinuing-generation students were equally likely to attend
STEM Alliance sessions. However, continuing-generation
students showed slightly more positive effects from par-
ticipating in STEM Alliance than did first-generation stu-
dents. Although there were limitations to our study, our
results suggest that programs like STEM Alliance can be
a low-cost way of improving support for undergraduate
STEM students.

Research has shown that engagement in a wide
range of purposeful educational activities is positively
associated with college success measures such as GPA,
student persistence from first to second year, and degree

Correlations
1 2 3 4 5
1. STEM Alliance Events Attended 1
2. Overall Support 18 1
3. Motivation .02 63%* 1
4. Personal Contact .16 B8*F* | 40%* 1
5. Tools and Environment 21%* JISEE L 34%% | 69%* 1

Note. * =p <.05, ** =p < .01

Table 2.

attainment (Astin, 1993; Pascarella & Terenzini, 2005;
Engle & Tinto, 2008). The recognition that student en-
gagement is critical to retention has led to a proliferation
of holistic programs designed to promote a high level of
student engagement in residential college settings (Inke-
las etal., 2007; Shapiro & Levine, 1999; Gross etal., 2015).
While holistic programs offer impressive results, they are
not feasible in every institution due to the high cost of
administering programs or the predominance of com-
muter students. Our findings show that the formation of
student organizations like STEM Alliance can be successful
at engaging students at a lower cost, in a non-residential
setting. Our study also supports research showing that
low-cost, student-organized activities are associated with
greater student academic and social integration among
first-generation students (Folger, Carter, & Chase, 2004).

Since previous interventions have often shown “con-
ditional” effects (Eddy & Hogan, 2014; Kim & Sax, 2009;
Pascarella et al., 2004; Wilsey et al., 2014), we hypoth-
esized that first-generation students would show greater
benefits from STEM Alliance participation than their peers.
Although STEM Alliance attendance was associated with
benefits for both first-generation and continuing-genera-
tion students; contrary to our hypothesis, only continuing-
generation students reported increased personal contact
with faculty. The reluctance of first-generation students to
interact with faculty members has been well documented
(Kuh, Kinzie, Buckley, Bridges, & Hayek, 2006). Some
STEM Alliance events may have been dominated by a few
academically confident, continuing-generation students,
(reating an environment where more passive students did
not feel comfortable speaking to faculty members (John-
son, 2007). Special attention aimed at increasing interac-
tion between first-generation students and faculty would
likely improve the STEM Alliance intervention. Maintain-
ing smaller groups for activities (e.q., 6-10 participants) or
limiting some activities to first-generation students only
could further encourage first-generation students’ inter-
actions with faculty (Folger et al., 2004).

One major limitation of our study was our quasi-
experimental design, which does not allow us to be cer-
tain about causal effects. Since STEM Alliance participants
were volunteers, they may have had pre-existing differ-
ences with the control group (e.g., they may have already
been inclined toward achievement-seeking behaviors).
Future research should randomly assign groups in order to
establish a causal relationship between STEM Alliance and
student support. Another limitation was that we collected
our data at a small HBCU. Our findings may not generalize
to larger or less ethnically diverse institutions. Finally, we
were not able to track STEM Alliance attendees to assess
changes in grades or retention. Doing so would have al-
lowed us to examine the long-term academic impacts of
participation. Despite these limitations, our data suggest
that STEM Alliance is an effective and low-cost inter-
vention that institutions can easily implement as part of
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their efforts to improve student support and engagement
among STEM students.
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