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Classroom design is related to student satisfaction and learning, but its effect on student retention is unknown. )is exploratory
study compared the impact of classroom design on social integration and retention among STEM first-time, full-time college
freshmen in a first-year seminar course by comparing classroom sizes (large (LL) vs. small (SL) lecture), classroom formats
(lecture (SL) vs. flipped classroom (FC)), and classroom student composition of students at risk of attrition based on low math
placement scores (combined lowmath (CLM) vs. separated lowmath (SLM)). To capture social integration of freshman after their
first semester, students completed a survey for course credit. Retention rates of freshman returning to the university for their
second year were included. Almost all students in all classrooms had made friends in college; most had made friends with peers in
the course and were spending time with them outside of class. Compared with LL students, SL reported lower satisfaction with
their overall social life. More FC students were satisfied with their social life, and fewer found making friends to be harder than
expected. )ese findings showed even greater disparities between groups for at-risk students. SLM students exhibited lower social
integration than CLM students. )e CLM flipped classroom retained the highest percentage of students at the university into the
second year. Findings from the present study suggest that integrating at-risk students into a first-year seminar flipped classroom
that matches student composition of the major benefits social integration and retention into the second year, for all students as
well as those with low math scores.

1. Introduction

Student retention is often defined as first-time, full-time
college students returning to the institution for their second
year and is associated with greater student persistence and
graduation rates [1]. Nationwide, nearly a third of first-year
freshman do not return for their sophomore year and un-
dergraduate 5-year graduation rates are ∼40%. Retention of
STEM students is especially critical given that attrition rates
are higher than their non-STEM peers [2]. Nearly 50% of
bachelor’s degree students who entered STEM leave these
fields (to other majors or withdraw from higher education)
before graduation [3, 4]. Importantly, STEM attrition occurs
more frequently among students with weaker academic
backgrounds in STEM-required introductory math courses

[5]. Due to the rigorous scientific coursework that begins in
the first semester of the freshman year, undergraduate
STEM-based physiology programs are vulnerable to reten-
tion-related issues, and physiology freshman with weaker
math preparation are especially at risk. Indeed, previous
work from our program has found that compared with their
peers, freshman with lower incoming math scores transfer
out of the major and institution at a higher rate than their
peers by their second year (major: low math 61%, high math
34%; university: low math 26%, high math 9%) [6].
)erefore, programming specific to incoming freshman with
weaker math preparation is warranted to improve retention
within the major and university.

Once at an institution of higher education, students’
perceptions of the university and students’ social fit affect
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their decisions to persist in a program [7]. Social integration
reflects the extent to which a student finds the social en-
vironment at the university and on campus to be aligned
with his or her preferences, often shaped by background,
values, aspirations, etc. and can be achieved by developing
friendships with peers, finding mentors, or connecting with
faculty [8]. )e role of social integration in student retention
and success is critical [9, 10]; indeed, successful social in-
tegration is associated with greater commitment to the in-
stitution or major [11], and previous findings have shown
that freshmen transferring out of a STEM-based physiology
major report lower social integration [12]. STEM freshman
with lower incoming math scores report less favorable re-
sponses in areas of social integration (e.g., having fewer
friends at the institution and feeling like they have less in
common with other students), and more than a quarter of
respondents found making friends to be harder than ex-
pected [6]. Clearly, increasing social integration for new
freshman is critical for retaining STEM students, especially
those with lower incoming math scores that are at a greater
risk of attrition.

One means of addressing both freshman student re-
tention and social integration is through first-year courses
(e.g., first-year seminar or FYS). )ese courses aid students
in navigating their first year of college, including developing
life skills and academic strategies and increasing a sense of
belonging, and have shown to improve retention and
graduation rates [13]. When held within a major, a first-year
course offers the opportunity to address retention-related
issues (e.g., improving perceptions of student learning, re-
sponsiveness of faculty, and accessible advising) on a
manageable scale. Classroom design (e.g., class size and
teaching modalities) is related to student satisfaction and
learning: larger classrooms reduce students’ level of active
involvement in the learning process and reduces the fre-
quency of student-instructor interaction [14], while flipped
classrooms that allow in-class time to be spent working in
small groups prioritize student engagement and improve
higher-order thinking and knowledge acquisition while
building interpersonal skills [15, 16]. Indeed, restructuring a
first-year seminar course to require students to work in small
groups, thereby necessitating peer-to-peer interactions, is a
proposed means of improving social integration of freshman
at risk for attrition [6].

While classroom size and teaching modality have been
previously examined, their impact on retention-related so-
cial integration of at-risk STEM students in a first-year
seminar has not. )erefore, this exploratory study aimed to
compare the impact of classroom design on social inte-
gration and retention among at-risk STEM students. )e
primary purpose of this study was to investigate outcomes
related to social integration (within the course, major, and
university) for the entire class, but especially students at-risk
for attrition based on lower incoming math scores (low
math), by comparing classroom size (large lecture vs. small
lecture), classroom format (lecture classroom vs. flipped
classroom), and classroom composition (combined low
math with high math students or separation of low math
students into a class of only low math students). We

hypothesize that the small lecture, flipped classroom, and
combined classroom would demonstrate higher social in-
tegration of all students, but specifically low math students,
at the end of the first semester.)e secondary purpose was to
determine if classroom designs with higher social integration
demonstrated higher retention rates in the major and at the
university by the second year, as assessed by longitudinal
follow-up.

2. Methods

)is project was approved by the internal review board at
West Virginia University (IRB#1807211250). Due to the
small sample sizes within each classroom, especially for low
math students, this study was a largely exploratory, pre-
liminary study that aimed to identify potential differences
between classroom design models with the goal of making
permanent changes to classroom design for future cohorts.

2.1. Participants. Participants were undergraduate freshman
exercise physiology (EXPH) students. )is major is largely a
prehealth professional, STEM-based program at a land-
grant, R1 research institution in Appalachia. All freshmen
are required to enroll in a one credit (one hour of in-person
class each week over a 16-week semester) freshman seminar
course. Much of the remaining coursework taken by
freshman in their first semester is largely similar between
students (e.g., biology, chemistry, math, and nutrition)
because the classes scheduled for their first semester of
freshman year are based on the recommended major
coursework progression. )ese courses include students
from across the institution, vary in size, and are lecture based
except for the laboratory components which are hands-on,
experiential learning. While the labs may support social
interaction, it would include students from various majors
and years (freshman, sophomores, juniors, and seniors) and
not necessarily promote social interaction with other first-
time, full-time college freshmen in the major.

To identify at-risk students, an expert panel within the
program identified incoming math scores as the best metric
to predict student success within the major based on pre-
vious findings [2, 5, 17]. In the late summer 2019, incoming
freshmen were sorted based on incoming math placement
into at risk for attrition (low math) and not at risk for at-
trition (high math). )ose that placed into college algebra or
higher (math ACT≥19 or math SAT≥ 510) were considered
high math, and all others were considered low math. In fall
2019, the 291-student exercise physiology freshman class
included ∼25% low math, ∼25% honors (26 ACT or 1230
SAT), and ∼50% that were not low math or honors. Students
were randomly allocated into classrooms before the semester
started by a blinded third party, an administrative advisor.

2.2. Comparisons. To evaluate the role of classroom design
on social integration and retention, this study compared
classroom size (large lecture (100+) vs. small lecture (<50)),
classroom format (lecture classroom vs. flipped classroom),
and classroom composition (combined low math (21%)
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with the high math students or separation of low math
students into a class of only low math students (100%)),
Figure 1. Classroom comparisons include the following.

2.2.1. Classroom Size. Large lecture (LL, n� 175) vs. small
lecture (SL, n� 39) were matched for student low math
composition (∼15% low math). )is model compared the
effects of classroom size on social integration of all students
with specific comparisons between low math students in
both groups. )e LL and SL classes were typical lectures in
which the instructor presented information through power
point; the LL was held in a large auditorium, and the SL was
held in a small auditorium. Each week, the students received
identical lectures from the same instructors/guest lecturers.
Before the next class period, all students were required to
complete a ten-question quiz and homework assignment.
Both the quiz and homework were required and counted
towards students’ overall grade and identical between
classrooms.

2.2.2. Classroom Format. Small lecture (SL) vs. flipped
classroom (FC) were matched for size (SL n� 39, FC n� 38)
and student composition (low math SL: 15%; FC: 21%). )is
model compared the effects of a SL classroom against a
flipped classroom section on social integration of all students
with specific comparisons between low math students in
both groups. )e SL class was a traditional lecture-style
classroom in which the instructor presented information
from a power point slide show. )is in-person lecture was
recorded using the learningmanagement system’s integrated
video platform, Panopto (Seattle, WA, USA). Before the next
class period, students in the lecture class were required to
complete a ten-question quiz and homework assignment.
Both the quiz and homework were required and counted
towards students’ overall grade and identical between
classrooms. For the FC, students were required to watch the
recorded presentation and take the ten-question quiz (to
ensure they watched the recording) before attending class.
)e quiz was required and counted towards their overall
grade. )ere were 40 hours between the time the recorded
lecture was released to the FC cohort and when their class
period started during which they could watch the lecture and
take the quiz. In class, students worked in small groups of 5-6
completing the in-class assignments (identical to the lecture
students’ homework assignments) while the instructor went
between groups to facilitate discussion. )e in-class as-
signment was required and counted towards their overall
grade.

2.2.3. Classroom Composition. Combined low math (CLM)
and separated low math (SLM) FCs were matched for size
(n� 40). Within the CLM, low math students were inte-
grated into the classroom to match student composition of
the major (CLM, 21% low math), but the SLM was com-
prised of low math students only (SLM, 100% low math).
)is model compared the effects of isolating low math
students into an FC that was specific to at-risk students. For

the FCs, all students were required to watch the recorded
presentation and take the ten-question quiz (to ensure they
watched the recording) before attending class. )e CLM and
SLM class had at least 40 hours between the time the
recorded lecture was released and their class period started.
In class, students worked in small groups of 5-6 completing
the in-class assignments while the instructor went between
groups to facilitate discussion. Both the quiz and in-class
assignment were required and counted towards their overall
grade and identical between classrooms.

)e first-year seminar course is taught university wide
and overseen by the centralized Center for Learning Ad-
vising and Student Success (CLASS).)e general curriculum
and expected learning outcomes for the course are the same
throughout the university, but the specifics and methods of
teaching are left to the individual instructor. In exercise
physiology, the first 8 weeks are spent preparing students to
achieve academic success (e.g., time management, studying
techniques, and finding campus resources) while the last 8
weeks are allocated for invited guest lectures to share various
careers to pursue with a degree in exercise physiology with
the goal of motivating, challenging, and encouraging stu-
dents to begin to prepare early for the rigors of their chosen
postgraduate field. )e retention specialist faculty (an as-
sistant professor) was the instructor of record for all sections
of the first-year seminar course.

2.3. Outcomes

2.3.1. Social Integration Survey. During the last week of
classes, all students were invited to complete the Social
Integration Survey administered online via Qualtrics (LLC
Qualtrics, Provo, UT). )is survey aimed to capture student
impressions of their first semester as it pertained to social
integration as well as select core competencies that could be
influenced by classroom design. Course credit was given for
completing the survey. )e survey included a series of
statements to which the students could rate their level of
agreement on a 5-point Likert scale (e.g., strongly agree,
somewhat agree, neither agree nor disagree, somewhat
disagree, strongly disagree; strongly satisfied, somewhat
satisfied, neither satisfied nor dissatisfied, somewhat dis-
satisfied, and strongly dissatisfied). Using skip logic in the
survey design, only the FC students answered questions
specific to the FC (e.g., Do you feel working in small groups
helped you make friends in college?).

2.4.QuantitativeData. Retention rates were calculated from
university registrar data of freshman returning to the pro-
gram and institution for their second year, the start of the fall
2020 semester.

2.4.1. Analysis. Due to small sample sizes, especially in low
math groups, all survey responses are presented as percent.
For the 5-point Likert responses, the percent of respondents
that selected “strongly” and “somewhat” was combined to
reflect the percent that confirmed the statement or question.
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For example, all students that selected “strongly agree” or
somewhat agree” were combined to confirm that 59% of the
large lecture class enjoyed the format.

3. Results

Social integration survey responses for all comparisons are
presented in Table 1.

3.1. Classroom Size (Large Lecture/Small Lecture). Fewer
students (percent) in the SL group felt they were at the right
college or in the right major, and these discrepancies per-
sisted in the low math group. Almost all students in both
groups had made friends in college by the end of the first
semester; most had made friends with other students in the
course and were spending time with other EXPH students
outside of class. However, the SL students reported lower
satisfaction with their overall social life. All low math stu-
dents had reported making friends in college, and almost all
had made friends with other students in the course. How-
ever, fewer SL low math students spent time with other
EXPH students outside of class and reported lower satis-
faction with their social life in EXPH. Compared with the LL
class, more of the SL students reported making friends and
fitting in was harder than expected, and these findings
showed even greater discrepancy in the low math groups.
Responses to faculty and course outcomes were generally
positive and similar between groups. However, fewer in the
LL group enjoyed the format of their class, but this was not
seen in low math students.

3.2. Classroom Format (Small Lecture/Flipped Classroom).
Almost all students in both classes had made friends in
college and with other students in the course. Most students
spent time with other EXPH students outside of class, but
more in the FC were satisfied with their social life in the
major and had close friends in the major. All low math
students had reported making friends in college and with
other students in the course. Compared with low math
students in the FC, fewer SLR students spent time with other
EXPH students outside of class and reported lower satis-
faction with their social life in EXPH. Compared with the SL
class, fewer in the FC found making new friends and fitting
in was harder than expected, and these findings showed even
greater discrepancy in the low math groups. Both groups
reported enjoying the format (lecture vs. small group) of the
class, but low math students in the FC reported higher
enjoyment than those in the lecture class. Compared with
the small lecture class more low math students felt the FC
helped improve teamwork or leadership skills and oral
communication skills (Table 2). Responses to faculty and
course outcomes were generally positive and similar between
groups. However, despite no differences in enjoyment of the
class format, more low math students in the FC expressed
favor with the format than the SL low math students.

3.3. Classroom Composition (Combined/Separated). All
students hadmade friends in college, butmore SLM students
found making new friends and fitting in to be harder than
expected. Most students made friends with others in the
course and spent time with other EXPH students outside of
class. However, fewer CLM students were satisfied with the
amount of class interaction with other students in the
course. SLM students were less satisfied with their social life
in the major. Responses to faculty and course outcomes were
generally positive and similar between groups; however,
fewer separated low math students felt the course helped
them adjust to college.

More of the CLM students felt the course developed core
competencies compared with the SLM students (Table 3).

3.3.1. Longitudinal. Transfers out of the major and insti-
tution after the first semester and by the second year are
presented in Table 4. By the second year, 188 (63%) students
remained within the major while 71 (24%) transferred to a
different major and 37 (12%) left the institution by their
second year. Of those that left the institution by their second
year, 17 were lowmath (23% of lowmath group) and 20 were
high math (9% of high math group). Across all classrooms,
the combined FC not only retained the highest percentage of
students at the university into the second year but also saw
the highest relative transfer rates (for the whole class as well
as low math students) into other majors.

4. Discussion

Importantly, since this study spanned from fall 2019 to fall
2020, it occurred during the COVID-19 global pandemic
which dramatically altered the college experience during this
cohort’s freshman year, likely influencing many factors
related to freshman retention, including student engagement
and academic success. However, overall retention of stu-
dents from this major to the university at longitudinal
follow-up (88%) was slightly higher than that in previous
years (∼85%, 2013–2018) which aligns with institutional
retention rates that increased during the pandemic (fall 2018:
80%; fall: 2019 82%).)e university has attributed this to the
fact that academic suspensions were not issued during
spring 2020 (e.g., students on academic probation that
otherwise would have been suspended). )e fall 2019
freshman cohort investigated in this study showed retention
rates similar to previous years: 77% of low math students
were retained to the university (∼78%, 2013–2018) and 91%
of high math students were retained to the university (90%,
2013–2018).

)is study aimed to compare the impact of classroom
design on social integration and retention among at-risk
STEM students (lowmath students).)e primary purpose of
this study was to investigate outcomes related to social
integration (within the course, major, and university) for the
entire class, but especially students at risk for attrition based
on lower incoming math scores (low math students), by

4 Education Research International



comparing classroom size (large lecture vs. small lecture),
classroom format (lecture classroom vs. flipped classroom),
and classroom composition (combined low math with the

high math students or separation of lowmath students into a
class of only low math students).)e secondary purpose was
to determine if classroom designs with higher social

Classroom size
Large lecture vs. small lecture

Matched for classroom format and relative proportion of low math students

Classroom format
Small lecture vs. flipped classroom

Matched for classroom size and relative proportion of low math students

Classroom composition
Combined low math FC vs. separated low math FC

Matched for classroom format and size

Low math student

High math student

Figure 1: Classroom design comparisons.
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integration demonstrated higher retention rates into the
second year, both at the institution and within the major, as
assessed by the longitudinal follow-up. )e results of this

study support the hypothesis that FC and combined class-
room would demonstrate higher social integration of all
students, but specifically low math students, at the end of the

Table 1: Social integration survey responses.

Size Format
Composition

Entire class LM groups Entire class LM groups
LL SL LL LM SL LM SL FC SL LM FC LM CLM SLM

Total enrollment 175 39 22 (13%) 6 (15%) 39 38 6 (15%) 8 (21%) 8 (21%) 38 (100%)

Survey response rate 123
(70%)

37
(95%) 12 (55%) 6

(100%)
37

(95%)
28

(74%)
6

(100%) 5 (63%) 5 (63%) 24 (63%)

Institution
“WVU is the right college for me” 93% 78% 100% 67% 78% 90% 67% 80% 80% 83%
I have made friends in college 98% 97% 100% 100% 97% 97% 100% 100% 100% 100%
Making new friends and fitting
in was harder than expected 24% 46% 17% 67% 46% 17% 67% 0% 0% 21%

Major
“Exercise physiology is the right
major for me” 84% 76% 83% 50% 76% 66% 50% 40% 40% 63%

Sense of connectedness with other
faculty, students, and staff in exercise
physiology

64% 57% 75% 67% 57% 62% 67% 60% 60% 54%

Students
Spends time with other EXPH students
outside of class 78% 70% 83% 50% 70% 76% 50% 80% 80% 67%

I think I have a great deal in common
with other students in exercise
physiology

68% 59% 58% 17% 59% 76% 17% 60% 60% 58%

Satisfied with their overall social life in
exercise physiology 73% 51% 83% 33% 51% 72% 33% 80% 80% 58%

Satisfied with the amount of class
interaction had with the other students in
the course

60% 70% 67% 67% 70% 79% 67% 40% 40% 71%

I have made friends with other students
in the course 80% 84% 92% 100% 84% 90% 100% 100% 100% 75%

Faculty/course
Satisfied with the amount of class
interaction with the instructors in class 70% 84% 75% 100% 68% 66% 83% 60% 60% 58%

Satisfied with the quality of the
instruction 90% 92% 83% 83% 92% 93% 83% 80% 80% 88%

Enjoy the format of the class (lecture,
small group, etc.) 59% 84% 50% 50% 84% 83% 50% 80% 80% 71%

)e course helped me adjust to the
college 72% 81% 83% 83% 92% 83% 83% 80% 100% 71%

LL: large lecture; LL LM: lowmath students in the large lecture; SL: small lecture; SL LM: lowmath students in the small lecture; FC: flipped classroom; FC LM:
low math students in the flipped classroom; CLM: low math students in the combined flipped classroom; SLM: low math students in the separated flipped
classroom; data reported as percent positive response (e.g., selected “strongly agree” or “somewhat agree” on 5-point Likert scale).

Table 2: Self-perceived improvements in core competencies for classroom format.

Did this course help you improve your SL (%) FC (%) SL LM (%) FC LM (%)
Teamwork or leadership skills? 54 76 33 100
Oral communication skills? 32 59 17 60
Written communication skills? 68 79 83 100
Analytical or critical thinking skills? 73 72 67 100
Applied problem-solving skills? 68 69 67 100
Ethical reasoning or decision-making skills? 76 79 83 100
Ability to innovate or think creatively? 73 76 100 100
Percent positive response (selected “definitely yes” or “probably yes” on a 5-point Likert scale).
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first semester. )e hypothesis that classroom designs that
showed higher social integration at the end of the first se-
mester would improve retention rates into the second year
for the university was also supported, but not for the major-
level retention. Additionally, the hypothesis that small lec-
tures, compared with large lectures, would demonstrate
higher social integration was not confirmed.

Social integration refers to the interactions between the
students and their social system, including informal peer
group associations, which can effect student learning and
persistence, especially in the first year of higher education
[18]. Students who experience a greater degree of social
integration at the start of their first year had higher academic
motivation at the end of their first year, which facilitates
student retention into their second year [19]. Starting college
is a transitional phase, and when new students enter a
university, they can often feel lonely or homesick, but de-
veloping friendships can help freshmen overcome these
feelings of anxiety and loneliness [20]. )ose that fail to
make friends, or spend too much time with previous friends,
may be more likely to return home often, thereby becoming
more socially isolated at college. In one study, up to three
quarters of students leaving the institution discussed the
difficulty of making friends in college [20]. Indeed, making
compatible friends provides direct emotional support and
friendships made through courses are important in pro-
viding this social support [20]. Creating an inclusive envi-
ronment that facilitates peer interaction and promotes social
integration can be achieved through smaller class sizes.

In the present study, the authors hypothesized that the
smaller classroom would have more favorable outcomes in
social integration; however, the findings contradict this hy-
pothesis as students in the small lecture group reported lower
satisfaction with their social life in the major (LL 73%; SL 51%)

and that making new friends and fitting in was harder than
expected (LL 24%; SL 46%). )ere were even greater dis-
crepancies between groups in those students at risk for at-
trition. Perhaps, those in the large lecture had lower
expectations for making friends in the course and major
because it is easier to feel lost in a large crowd. Indeed, in
Appalachia, many students come from very small schools with
small class sizes. If starting their freshman year of college in a
large lecture, students may assume making friends and fitting
in would be challenging whereas students enrolled in a smaller
class might have thought it would be easy to make friends (like
they could in high school), but by the end of the semester felt
less connected to their peers than expected. )ese precon-
ceived expectations from the start of the semester could be
influencing end-of-semester perceptions. Alternatively, all
students were in large classrooms in other required courses
(e.g., biology), so the large lecture classroom for first-year
seminar may have given them a sense of consistency.

However, despite these differences between groups, at
longitudinal follow-up, the rates of retention between
groups were similar: 11% of the LL group had left the in-
stitution compared with 8% of the SL group, while 31% of
the LLR group had left the institution compared with 33% of
the SLR group. )is suggests that the differences in social
integration at the end of the first semester of college between
large lecture and small lecture classrooms do not appear to
influence whether a student chooses to leave the institution,
even for those who come in with lower math scores. Im-
portantly, all students in all groups had made friends in
college at the end of the first semester which is likely more
influential than social integration in a single course or major.

Interactive class periods, as achieved by flipped class-
rooms, facilitate peer interaction, social integration, and
retention. Indeed, postsecondary students participating in

Table 3: Self-perceived improvements in faculty-identified core competencies for student composition.

Did this course help you improve your CLM (%) SLM (%)
Teamwork or leadership skills? 100 58
Oral communication skills? 60 38
Written communication skills? 100 54
Analytical or critical thinking skills? 100 50
Applied problem-solving skills? 100 58
Ethical reasoning or decision-making skills? 100 63
Ability to innovate or think creatively? 100 63
CLM: low math students in the combined flipped classroom; SLM: low math students in the separated flipped classroom. Percent positive response (selected
“definitely yes” or “probably yes” on a 5-point Likert scale).

Table 4: Transfers out of the major and institution.

Large lecture Small lecture Combined FC Separated FC
Changed major after the first semester 23 (13%) 5 (14%) 7 (25%)
Low math groups 2 (17%) 1 (17%) 3 (60%) 10 (42%)
Changed major by the second year 36 (21%) 8 (21%) 11 (29%)
Low math groups 5 (22%) 0 (0%) 3 (38%) 13 (34%)
Leaving the institution after the first semester 2 (1%) 2 (5%) 1 (3%)
Low math groups 0 (0%) 1 (17%) 0 (0%) 2 (8%)
Leaving institution by the second year 19 (11%) 3 (8%) 2 (5%)
Low math groups 7 (31%) 2 (33%) 0 (0%) 8 (21%)
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cooperative learning in STEM courses demonstrate greater
achievement, express more favorable attitudes, and persist
through STEM courses or programs to a greater extent than
their peers that do not participate in cooperative learning
[21]. Generally, our findings support our hypothesis that the
flipped classroom would have a positive effect on social
integration. While almost all students had made friends in
college and within the course, the students in the flipped
classroom reported higher social integration at the end of the
semester. Specifically, fewer in the FC found making friends
and fitting in was harder than expected, and this was
mirrored in the low math groups. )ese findings reinforce
the idea that requiring students to interact during the class
period facilitates social integration beyond simply “making
friends.” Especially in those students at risk for attrition, the
flipped classroom appeared to have facilitated favorable
social integration in the first semester: FC low math students
were more likely to spend time with other EXPH students
outside of class, had greater satisfaction with their social life,
and felt they shared things in commonwith other students in
the major. Flipped classrooms allow in-class time to be spent
working in small groups facilitating peer-to-peer interac-
tions and building interpersonal skills [15, 16] which im-
proves social integration of freshman.

Compared with a small lecture, the flipped classroom
students reported improvements in teamwork/leadership and
oral communication skills. )is is an often-seen advantage to
flipped classrooms: they help build these critical interpersonal
skills [15, 16]. Lowmath students seemed to prefer and benefit
from the flipped classroom format. Interestingly, almost all
CLM students reported improvements in core competencies
with lower reported self-improvement in the SLM students.
Perhaps, integrating low math students into the general
classroom with higher-placed peers facilitates beneficial in-
teractions that improve core competencies. As an exploratory
study, the role of classroom design on core competencies was
insufficiently investigated but offers promise as a potential
area of future research, both for the impact on the course
outcomes and programmatic outcomes.

)ese benefits appear to persist in retention rates at the
longitudinal follow-up: 3 (8%) of the SL and 2 (5%) of the FC
left the university by their second year, while 2 (33%) of the
SL low math had left compared with 0 (0%) FC low math.
)ough seemingly a small difference, retaining even one or
two extra students from this major to the university meets
the university-wide student retention five-year target of 85%.
More importantly, those few individuals retained will
graduate and enter the workforce with a college degree.

When low math students were either integrated into the
classroom tomatch student composition of themajor (CLM,
21% low math) or isolated into an identical FC that was
comprised of low math students only (SLM, 100% low
math), it appears integrating was more beneficial for social
interaction. In fact, no student in the CLM group felt making
new friends and fitting in was harder than expected. )e
benefits of integrating low math students into a classroom
that matched student composition of the major may benefit
long-term retention. At one-year follow-up, 0 students from
the combined classroom had left the university, but 21%

(n� 8) had left from the SLM group. Interestingly, across all
classrooms, the combined flipped classroom not only
retained the highest percentage of students at the university
into the second year but also saw the highest relative transfer
rates (for the whole class as well as low math students) into
other majors. )is important finding could be because the
low math students interacted with students that were more
academically prepared for a STEM major and realized these
discrepancies, prompting them to pursue less rigorous
majors. Perhaps, they were unnecessarily intimidated and
left the major even though they might have ultimately been
successful. However, since students’ reasons for transferring
were not captured, this remains an important potential area
of future research for physiology programs that want to
facilitate social integration of all students and improve re-
tention to the major as well as the university.

Social integration into university life can be achieved not
only by developing friendships with peers but also by
connecting with faculty and finding mentors [8]. Both
formal in-class interactions with faculty and more informal
student-faculty contact can benefit students’ social en-
gagement. Although this was not a primary outcome of the
present study, there were no differences between groups in
satisfaction with the amount of class interaction with the
instructor or the quality of the instruction. )ese null
findings confirm that changing the classroom design does
not negatively impact the perceptions of faculty engagement.
Furthermore, it could support our postulation that the
positive social integration findings seen in the present study
are driven by peer-to-peer interaction in the classroom.

)ere were several limitations to this study. First, as de-
scribed previously, the longitudinal follow-up was influenced
by the global COVID-19 pandemic, but any effects of the
pandemic on retention rates were not investigated. Further-
more, it was conducted on a specific cohort of exercise
physiology freshman at a large, 4-year public institution in
Appalachia.While the generalizability of these findings to other
institutions may be limited, the study and findings may help
inform future research in this field and region. To ensure the
proportion of students in the smaller classrooms were reflective
of the overall major, there were small low math sample sizes in
the small lecture and flipped combined classroom, and the
survey questions used in this study were not validated;
therefore, the wide application of these findings should be
cautioned. However, as this was an exploratory, the findings are
relevant to the development of future support programs within
this major and will guide retention efforts moving forward.
Many factors that contribute to retention and social integration
were not evaluated in this study. Importantly, the wider social
world of the university impacts students’ lives more than a
single academic classroom. For example, in one study, making
friends through living arrangements was more significant for
social integration [20]. Furthermore, students were randomly
assigned to classrooms, but this is not uncommon in college as
a traditional lecture format vs. flipped classroom is decided by
the instructor or program unit. Attendance was not tracked;
however, since the assignments that were submitted during the
in-person class counted towards students’ final grades, it was
likely the FC improved attendance.
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Despite its limitations, this exploratory study presents
novel findings on first-year retention within a physiology
major. )e randomized allocation of students and careful
controls employed (same content, content delivery, lecturer,
activities, etc.) provides important comparisons investigat-
ing the effect of classroom design on retention and social
integration of freshman physiology students. Future re-
search should include larger datasets over multiple cohorts
to more fully elucidate the impact of these classroom
settings.

5. Conclusions

)is study successfully compared the impact of classroom
design on social integration and retention among at-risk
STEM students (low math students). Findings from the
present study suggest that integrating lowmath students into
a first-year seminar flipped classroom that matched student
composition of the major benefits social integration and
retention into the second year, for all students as well as the
low math students.
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