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ABSTRACT

The first-year student experience in college is a crucial time for personal and professional
development, especially for students entering science, technology, education, and mathe-
matics (STEM) disciplines. Unfortunately, it is also the time when students most commonly
leave STEM, largely due to disconnection from faculty and peers. The Freshman Research
Initiative (FRI) is a program that introduces first-year undergraduates to research in a vari-
ety of fields. The program has shown positive outcomes for student success and retention
in STEM fields. However, it has not been demonstrated whether this program can increase
social connectedness and assurance, potentially contributing to students’ longer-term re-
tention in STEM. In this pilot study, we measured social connectedness/assurance among
students before and after a 16-week course in neurophysiology. We found that combined
scores of social connectedness and assurance significantly increased by the end of the
course. We also found that individual constructs of social connectedness and assurance
significantly increased. Furthermore, the majority of students from FRI were retained in
STEM fields. We plan future studies to include collection of longitudinal data and measures
to identify additional reasons that the FRI increased these positive outcomes among our
student participants.

INTRODUCTION
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Undergraduate research experiences have been found to be
among a set of high-impact, evidence-based practices (Kuh,
2008) that are also beneficial for increasing student interest in
STEM (Russell et al., 2007) and retaining students in the STEM
disciplines (Nagda et al., 1998; Lopatto, 2007; Nerio et al.,
2019). Researchers also report gains in independence, greater
intrinsic motivation to learn, and increased participation in
classes among students who have been engaged in research
activities (Lopatto, 2007; Nerio et al., 2019). Additionally,
research experiences within the first 2 years of undergraduate
education have been shown to increase STEM retention and
graduation rates (Nerio et al., 2019). Thus, undergraduate
research experiences early in students’ programs are extremely
beneficial for both their academic and personal development.

The Freshman Research Initiative (FRI) is a course-based
undergraduate research experience that was developed at the
University of Texas—Austin (Simmons, 2012). The goal of the
program is to increase the persistence of students pursuing
STEM programs and careers. There are multiple FRI research
areas within STEM, referred to as “research streams” (Beckham
et al., 2015). Students are able to choose a stream aligned with
their career interests and goals. In each stream, there are
between eight and 40 undergraduate students who work on a
scientific problem with mentoring from a PhD-level graduate
student and a faculty member (often the principal investiga-
tor). Although each FRI program and stream is unique, the core
elements of the program are to include a research experience
that exposes students to core science concepts and research
skills in a particular field while making meaningful scientific
contributions such as sharing authorship on peer-reviewed pub-
lications (Walcott et al., 2018).

At Towa State University, FRI is implemented as a semes-
ter-long course that gives freshman students a research experi-
ence in a lab of their choosing. It allows freshman undergradu-
ates (either declared in STEM majors or undeclared) to enroll in
research credits that can apply to their degrees in the fields of
chemistry, chemical engineering, biology, bioinformatics/com-
putational biology, molecular biology, neurophysiology, genet-
ics, and physics. These streams each contain from 15 to 20 stu-
dents and allow for a flexible curriculum with respect to content
and format. A stream might include extensions of inquiry-based
labs, class-wide linked projects, and/or separate classes inte-
grated with specific research in faculty members’ laboratories.
The core of the FRI is a guided experience through the research
process, in which students design their own experiments and
produce posters summarizing their projects that are suitable for
presentation at a conference and/or university-sponsored
research symposium.

Students in FRI also meet with other students interested in
research, experience the day-to-day life of a scientist, generate
their own data, learn about various fields of research within
their majors, and explore opportunities to conduct further
research during their undergraduate careers. FRI allows for
close collaboration with faculty, graduate students, and peers,
as is common in a research lab. This program has been imple-
mented across the United States at other universities and col-
leges, with positive outcomes reported for student success and
retention in STEM (Simmons, 2014; Beckham et al., 2015;
Cromley et al., 2016; Mervis, 2016; Rodenbusch et al., 2016;
Hernandez et al., 2018). In several streams (including our

20:ar27, 2

own), students have the opportunity to apply research in both
lab and clinical settings, and thus envision themselves as
impactful clinical scientists (Hunter et al., 2007; Carpi et al.,
2017; Nerio et al., 2019). Furthermore, FRI experiences have
also been shown to generate returns for students in the form of
increased future earning potential after graduation (Walcott
et al., 2018). However, we are unaware of previous research to
determine whether the FRI experience can also enhance social
connectedness and assurance among participants.

Belonging is a crucial basic psychological need (Maslow,
1943) and essential human motivator (Covington 2000; Eccles
and Wigfield, 2002; Arslan, 2020). Riley and White (2016)
define it as feeling accepted, appreciated, and understood in
relationships with individuals and groups of people. Belonging-
ness within the context of education is fundamental for success
both in and out of the classroom (Covington 2000; Eccles and
Wigfield, 2002). This is especially true for academic success
during the undergraduate years, which are filled with signifi-
cant career and social changes (Robbins et al., 2004; Kuh et al.,
2008; Asher and Weeks, 2014; Brouwer et al., 2019; Arslan,
2020). Belonging has been related to positive motivational and
achievement outcomes in academics (Walton and Cohen,
2007). Additionally, studies have shown that a greater sense of
belonging is associated with fewer negative mental health out-
comes, including decreased loneliness, depression, and anxiety
(Asher and Weeks, 2014). Furthermore, greater belonging has
been shown to be a protective factor in psychological health
(e.g., depression, anxiety, suicidal ideation; O’Keeffe, 2013; Ste-
bleton et al., 2014). In short, belonging is critical for both psy-
chological health and academic success in college.

Lee and Robbins (1995) describe social connectedness as a
phenomenon that “appears to be related to one’s opinion of self
in relation to other people,” while social assurance “appears to
be related to one’s reliance on other people.” Together, these
researchers developed a measurement tool, the “Social Con-
nectedness and Social Assurance Scale,” to quantify this con-
struct (Lee and Robbins, 1995). Social connectedness and
assurance have been shown to play a role in controlling anxiety,
depression, and stress, as well as improving self-esteem and
social identity in college students (Lee and Robbins, 1998; Lee
et al., 2002; Williams and Galliher, 2006). They also have posi-
tive relationships with academic performance, well-being,
self-efficacy, and retention in undergraduate education (Yeh
and Inose, 2003; Pym et al., 2011; Eagan et al., 2013; Wilson
et al., 2015; Mahatmya et al., 2018). A sense of belonging has
been shown to be important for the retention of women and
underrepresented minorities in particular in the STEM fields
(Brainard and Carlin, 1998; Cheryan et al., 2009; Good et al.,
2012). Thus, social connectedness and assurance may be key
for successful development and retention of students in STEM.

At Towa State University in the Department of Kinesiology,
undergraduate students often anecdotally indicate that they
feel disconnected from faculty members, graduate students,
and their own peers within the department. Previous research
indicates that this is occurring not only at Iowa State, but at
institutions of higher education all across the United States
((Watkins and Mazur, 2013). This lack of integration and isola-
tion of students within academic institutions has been identi-
fied as a crucial factor limiting student retention (Gregerman
et al., 1998).
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TABLE 1. Requirements and semester plan for the FRI program Dancing for Parkinson'’s

Week Freshman research stream topics

1 Ice Breakers, Introduction to Research, Introduction to Mentors, Lab Tour, Social Connectedness Survey (Pre)
2 Considerations for Human Subjects Research & How to Read Journal Reviews

3 Developing a Research Question and Design & Journal Reviews

4 What Is Parkinson’s Disease Lecture & Guest with Parkinson’s Disease

5 What Is Electroencephalography Lecture with Hands-On Application

6 What Is Electromyography, Kinematics, & Gait Lecture with Hands-On Application
7 What Is Transcranial Magnetic Stimulation with Hands-On Application

8 Decision on Research Projects

9 Data Collection Prep, Run-Through, and Approval

10 Data Collection

11 Data Collection

12 Preparing a Poster Presentation & Data Analysis

13 Data Analysis

14 Data Analysis

15 Reflections and Goals for Moving Forward, Social Connectedness Survey (Post)

The main purpose of our pilot project was to determine
whether the Kinesiology FRI at Iowa State increased students’
sense of social connectedness and assurance, and whether it con-
tributed to their retention in STEM fields. We hypothesized that
participation in the Kinesiology FRI would enhance students’
social connectedness and assurance, leading to other positive
outcomes for students, and increase their retention in STEM.

METHODS

Participants

Twenty-seven healthy young adults between ages 18 and 25
enrolled in the FRI Dancing for Parkinson’s program. Thirty-one
healthy young adults age-matched, gender-matched, and
major-matched enrolled in the University Honors Program at
Iowa State University were used as a comparison group for
retention. This was an appropriate comparison group, because
Honors Program students were required to be exposed to
research experiences during their first year. All procedures per-
formed in studies involving human participants were completed
in accordance with the ethical standards of Iowa State Univer-
sity and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Freshman Research Initiative Program—Dancing for
Parkinson'’s

The FRI program consisted of 15 weeks of course instruction
focused on research methods to examine neural motor control
in persons with Parkinson’s Disease, and how various treatment
strategies (i.e., music therapy, singing, dancing, boxing, yoga)
could improve movement. In addition, students learned
methods for measuring associated brain activity, as well as qual-
ity of life and cognitive measures. Students had hands-on expe-
riences volunteering for at least one outreach group involving
singing, movement and music, boxing, or yoga for persons with
Parkinson’s disease. Students also were required to attend
weekly in-class meetings and lab meetings (with all lab staff),
led by a PhD-level student and/or the principal investigator of
the lab, to gain information on current literature and methodol-
ogy. For the weekly in-class meetings, the PhD-level student
was present at all meetings, while the principal investigator was
present weeks 1, 8, and 14. For the weekly lab meetings, the
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principal investigator led and was present from week 1 through
week 16. Individual meetings with either the principal investi-
gator or graduate student were optional and as needed for the
students. Hands-on data collection and analysis experiences
also were included to give students an introduction to litera-
ture, methods, and analysis in this area of research while they
were actively engaging with persons with Parkinson’s disease in
a clinical and research setting (Table 1).

Data Collection

Social connectedness and social assurance were assessed using
the previously validated Social Connectedness and Social Assur-
ance Scales (Lee and Robbins, 1995). There were seven stu-
dents out of 27 that chose to not complete the survey. Surveys
were administered to 20 students who enrolled in the course,
both before and after their experiences in the FRI (Table 1). The
instrument consisted of 16 items that students rated on a six-
point scale (1 = strongly agree to 6 = strongly disagree). The
instrument consisted of two factors: social connectedness (fac-
tor 1) and social assurance (factor 2). Factor 1 consisted of items
from all three aspects of belongingness: connectedness (four
items), affiliation (three items), and companionship (one item).
Higher scores reflected a greater (self-reported) sense of social
connected and belongingness. Factor 2 consisted of companion-
ship (four items) and affiliation items (four items). The items
represent a general need for reassurance from one or more per-
sons for a sense of belongingness. Higher scores indicate a
greater (self-reported) sense of assurance or confidence in social
situations. The first eight items on the questionnaire represent
social connectedness, while the second eight items on the ques-
tionnaire represent social assurance. The Social Connectedness
Scale and the Social Assurance Scale each has a maximum score
of 48 points and a minimum score of 16 points (Lee and Robbins,
1995).

We also determined and documented whether or not
students stayed in STEM and/or a research lab at lowa State
University after their FRI experiences. FRI retention was com-
pared with an age-matched, gender-matched, and major-
matched group from the University Honors Program at Iowa
State University. Data on retention of both groups were pro-
vided from the Office of the Registrar at Iowa State University.
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Data Analysis

We calculated total scores for the instrument (i.e., totals for
Social Connectedness Scale and Social Assurance Scale) and
the two scales combined. Then, the total score was averaged
across the 20 participants. We decided to combine the scores
from the Social Connectedness Scale and Social Assurance
Scale due to moderate correlation between the two constructs
(0.34; Lee and Robbins, 1995). Mean scores across participants
were also determined for each statement to assess which spe-
cific elements changed from pre- to postcourse responses. Per-
centages of retained students in STEM were calculated in both
the FRI and University Honors Program groups.

Statistical Analyses

Statistical analyses were completed in IBM SPSS Statistics for
Windows v. 25.0 (IBM Corporation, Armonk, NY, USA). Nor-
mality of data was determined using the Shapiro-Wilk test.
Due to the total for Social Connectedness being nonnormal, a
Wilcoxon signed-rank test was used to determine whether
there were pre- and postparticipation differences. Because the
Social Connectedness and Social Assurance combined total
and Social Assurance total were normal, paired t tests were
completed to determine whether there were pre- and postpar-
ticipation differences. Statistical significance for both tests was
setat o= 0.05.

As an exploratory analysis, Wilcoxon signed-rank tests for
nonnormal data or paired t tests for normal data were per-
formed for each statement in the instrument to determine
whether a particular component was driving our results. Nor-
mality of data was determined using the Shapiro-Wilk test. Spe-
cifically, paired t tests were conducted on statement 10 and
statement 15 in Table 2, while Wilcoxon signed-rank tests were
conducted on all the other statements. Statistical significance
was set at oo = 0.05. Additionally, Cronbach’s alpha was used to
assess the internal consistency pre- and postcourse.

We determined the percentage of students who had taken
the course who then continued in STEM majors and/or in con-
ducting research. Using the Mann-Whitney U-test, we compared
the STEM major retention in the FRI group with the STEM
major retention in the Honors Program group. Statistical signif-
icance was set at o. = 0.05.

RESULTS

The paired t test showed a significant increase from pre- to
postcourse responses for total survey scores; t(19) =-5.08, p
< 0.001 (Figure 1A). The Wilcoxon signed-rank test showed
a significant increase from pre- to postcourse response for
the Social Connectedness score; Z = —3.60, p < 0.001 (Figure
1B). The paired t test showed a significant increase from pre-
to postcourse response for the Social Assurance score; t(19)
=-2.16, p < 0.044 (Figure 1C). For the exploratory analysis
of each statement, there was only one significant decrease,
for the statement “I join groups more for the friendship than
the activity itself”; t(19) = —2.46, p < 0.024 (Table 2, State-
ment 15). There were a couple of statements trending toward
significance for the statements: “I have no sense of together-
ness with my peers,” Z = -1.79, p < 0.073 (Table 2, State-
ment 4); and “It’s hard for me to use my skills and talents
without someone beside me,” Z = -1.66, p < 0.096 (Table 2,
Statement 13).
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Previously, the Social Connectedness Scale generated a high
internal consistency of 0.91 (Lee and Robbins, 1995). The
Social Assurance Scale generated a lower internal consistency
of 0.77 (Lee and Robbins, 1995). In this study, Cronbach’s alpha
coefficients for Social Connectedness Scale and Social Assur-
ance Scale were calculated as 0.90 and 0.84, respectively.

For students in the FRI group, 23 of 27 students (85%)
remained in STEM majors. Of the same 27 students, 20 (74%)
were continuing in STEM-related research. For the matched stu-
dents in the Honors Program group, 27 of 31 students (87%)
remained in STEM majors. The Mann-Whitney U-test did not
demonstrate significant differences in retention between the
FRI group and Honors group (U = 428, p = 0.878).

DISCUSSION

The main purpose of this pilot project was to determine whether
students’ singular FRI experience in the course Dancing for Par-
kinson’s increased their social connectedness and assurance,
and whether their enrollment would influence retention in
STEM and in STEM undergraduate research. We hypothesized
that participation in the FRI would enhance students’ social
connectedness and assurance and support their retention in
STEM undergraduate research. Both of our hypotheses were
supported by participants’ pre- and postparticipation responses.
Total and combined scores for social connectedness and assur-
ance increased following their participation, and retention in
STEM was maintained. Of our respondents, 85% continued on
in STEM majors and 74% continued with STEM-related
research. However, there were no differences in retention
between the FRI group and the Honors group. Additionally,
Cronbach’s alpha coefficient generated high internal consis-
tency for both scales among this cohort.

Previous research has indicated that summer bridge ses-
sions, supplemental courses, externally funded undergraduate
research programs, and department-wide student mentoring
systems can all support students in STEM fields (Turner and
Thompson, 2014; Schneider et al., 2015; Bowman and Holmes,
2018; Nerio et al., 2019). Furthermore, research has also shown
that retaining students in STEM is dependent on formation of
strong interpersonal relationships with more experienced peers
(Watkins and Mazur, 2013). Thus, our findings that demon-
strate increases in social connectedness and assurance along
with retention in STEM are consistent with previous findings
and assertions that have been made in the literature. However,
inasmuch as we are aware, this is the first study to measure the
effectiveness of the FRI model (which is used in a number of
institutions in the United States) to provide evidence based on
social constructs for that phenomenon. Furthermore, the lack of
difference in STEM retention observed between the FRI and
Honors group suggests that, in addition to research experiences,
there are other factors involved in successfully retaining stu-
dents in STEM.

Our pilot study reveals that social assurance may be a partic-
ularly strong driver for students’ retention in STEM. Academic
and social integration for college students has been strongly
identified as important to academic success (e.g., Tinto, 1987).
Specifically, students who attend research-intensive universities
report a greater need for social acceptance and assurance (to
belong and be valued, as per Baldwin et al., 2017). Previous
research has also shown that, when students work together with
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TABLE 2. Respondents’ level of agreement with Social Connectedness and Social Assurance statements (from Lee and Robbins, 1995), and
means, SDs, and p values for Wilcoxon signed-rank or paired t tests comparing pre- and postparticipation responses

Measure Statement Pre Mean (SD) Post Mean (SD) p value

Overall total 68.3 (6.9) 79.9 (8.6) <0.001

Social Connectedness total 37.5(5.1) 45.0 (3.9) <0.001

Social Assurance total 30.8 (5.4) 35.0 (6.7) 0.044
1 I feel disconnected from the world around me.? 5.3(0.9) 5.6 (0.5) 0.130
2 Even around people I know, I don't feel that I really belong.? 5.2(1.2) 5.4 (0.9) 0.495
3 I feel so distant from people.? 5.3 (1.0) 5.6 (0.6) 0.292
4 I have no sense of togetherness with my peers.? 5.1 (0.9) 5.6 (0.6) 0.073
5 I don'’t feel related to anyone.? 5.7 (0.7) 5.6 (0.5) 0.739
6 I catch myself losing all sense of connectedness with society.? 5.6 (0.6) 5.7 (0.5) 0.564
7 Even among my friends, there is no sense of brother/sisterhood. 5.5(0.9) 5.8 (0.4) 0.107
8 I don't feel that I participate with anyone or any group.? 5.7 (0.5) 5.8 (0.5) 0.480
9 I feel more comfortable when someone is constantly with me.” 4.0 (1.3) 4.4 (1.0) 0.249
10 I'm more at ease doing things together with other people.® 2.7 (1.0) 3.4(1.3) 0.124
11 Working side-by-side with others is more comfortable than working alone.” 3.2(1.3) 3.5(1.1) 0.436
12 My life is incomplete without a buddy beside me.? 4.4 (1.2) 4.9 (1.1 0.210
13 It’s hard for me to use my skills and talents without someone beside me." 5.0 (0.8) 5.4 (0.7) 0.096
14 I stick to my friends like glue.? 4.1 (1.2) 4.6 (1.4) 0.237
15 I join groups more for the friendship than the activity itself.” 3.1(1.0) 4.2 (1.5) 0.024
16 1 wish to find someone who can be with me all the time.® 4.5 (1.1) 4.8 (1.3) 0.552

2Social Connectedness Scale statements.
bSocial Assurance Scale statements.

peers and faculty mentors in research, they also have more con-  collaborating with three to five other peers during the semester.
fidence in their academic skills and performance In the outreach program, assisting patients is often done in
(Levis-Fitzegerald et al., 2005; Hall et al., 2018; Nerio et al.,  groups of two volunteers. Furthermore, as the semester contin-
2019). The Dancing for Parkinson’s FRI required that students  ued, students would often interact with one another before and
work in teams to plan, conduct, and present their research proj-  after class. These components may affect the participating stu-
ects to one another and an outside audience. Thus, students are  dents’ feelings of social connectedness and assurance. The fact
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that the students in our course were able to be a part of the
translation of the research may also have contributed to their
perceived social assurance. In other words, students were able
to apply their research questions in both lab and clinical settings
and thus envision themselves as clinical scientists (Hunter et al.,
2007; Carpi et al., 2017; Nerio et al., 2019).

We are not aware of other programs like this for students so
early in their undergraduate careers at Iowa State (or possibly
even other institutions). We surmise students felt more valued
and connected to their peers through their experiences together
with patients with Parkinson’s disease as well as senior peers
and faculty mentors. Students may have recognized their
research and outreach contributions were making a difference,
potentially leading to a sense of ownership for their work in
both the lab and clinic at a very early stage of their academic
programs. Others have suggested that a sense of ownership of
research (e.g., discovery, iteration, and collaboration) can have
significant positive outcomes for FRI students (i.e., Corwin
et al., 2018). Furthermore, we speculate that this may also con-
tribute to both the high STEM major and STEM-related research
retention rates. This phenomenon has been reported from other
institutions employing FRI as well (Cahalan, 2011; Peterson,
2012; Simmons, 2012).

We acknowledge several limitations to this study. First, we
do not have longitudinal data that extend postgraduation to
show whether students stay in STEM-related fields or go on to
professional/graduate schools. Thus, this study serves only as a
pilot and warrants further investigation with a larger sample
size. Second, we do not understand from this study exactly why
it is that social connectedness and assurance increased (e.g.,
from the students’ perspectives). Was it due to greater contact
with faculty and peers, or was it due to other components of the
course? Was it due to other experiences during freshman year
not necessarily related to the course? Planned follow-up studies
using both quantitative and qualitative (e.g., focus groups and
pre/post interviews) analyses will allow us to address these
issues using longitudinal data from collection of postgraduation
information and additional surveys and/or interviews. Third,
we do not have comparison data from other FRI courses across
the United States. It would be imperative to establish collabora-
tions with institutions across the country to provide a consistent
framework for creating a FRI to increase transferability and rep-
licability across sites.

In summary, our data indicate that, after their experience
with our FRI program, students’ responses indicated an increase
in social connectedness and assurance and strong retention in
STEM and STEM research. This supports previous research
showing that this and similar programs have potential to sup-
port first-year college students and introduce them to the joys,
challenges, and relevance of STEM and STEM research in a sup-
portive, encouraging, and engaging environment.
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