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Abstract: The rapid shift from face-to-face to remote instruction in 2020 has resulted in recalibration
of lecture and laboratory pedagogy. This research analyzed the impact of remote learning on student
motivation and sense of belonging in large enrollment chemistry courses. Student responses were
parsed according to specific demographics including gender, academic standing, first-generation sta-
tus, and ethnicity. Research objectives included the analysis of how remote learning impacted specific
demographics to develop guidelines for best practices moving forward for hybrid or online courses.
Our findings show that second year students (sophomores) were the most impacted of the academic
standing cohorts. Sophomores reported a statistically greater change in motivation after the start
of the semester and statistically lower satisfaction with their performance on assignments. Females
reported statistically lower motivation and a statistically lower sense of belonging in the course and
science, technology, engineering, and mathematics (STEM) fields. Black/African students reported a
statistically lower motivation for remote learning than Asian/Pacific Islander and White/Caucasian
students. Finally, both White/Caucasian and Black/African students reported a statistically lower
sense of belonging in the course and in STEM fields than Asian/Pacific islander students. Finally,
statistical differences were not observed based upon first-generation status. The research indicates
that students were differentially impacted by the shift to remote learning. From these findings, a
stronger understanding of how specific demographics are differentially impacted by remote learning
in STEM courses is provided, granting greater insight into best practices moving forward.

Keywords: online learning; student motivation; classroom community; science

1. Introduction

The COVID-19 global pandemic demanded significant recalibration of pedagogy
for online instruction. The far-reaching effects of COVID-19 on science and chemistry
pedagogy can be seen in the growing body of literature addressing efforts to adapt and
recalibrate instructional norms. Remote instruction required developing new paradigms
for teaching laboratory [1-5], promoting student engagement on zoom [6-9], assessing
student performance [10], and sustaining community in synchronous and asynchronous
classrooms. The laboratory development focused upon developing kits to do hands-on
experiments at home [1], demonstrating experiments using videos coupled with zoom
discussions [2], implementing software designed to illustrate laboratory techniques [3],
converting laboratory projects to online experiences [4], and developing virtual reality
experiments to mimic actual laboratory activities [5]. Research [9] assessed the impact of
remote learning on student engagement in the classroom which, as expected, revealed
traditional lectures were less engaging on zoom. Strategies for incorporating active learn-
ing [6,8] remotely via zoom and other platforms were identified while methods for boosting
engagement in an asynchronous environment were explored in other articles [7]. The peda-
gogy research provided insights into best practices in lecture and laboratory. Given the
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impacts on both modes of science learning, there was a demand to recalibrate assessment
strategies [10] given that traditional exams were no longer feasible.

Prior to 2020, best practices for hybrid and online learning for science education had
already developed substantial scholarly conversation. Wladis et al. [11] reported two
studies with notable findings prior to COVID-19 and the complete transition to online
learning. Before the pandemic, students in these studies opted to do online learning.
Wiadis et al. [11] analyzed demographics associated with students who prefer online learn-
ing in lieu of traditional lectures and reported that female science, technology, engineering,
and mathematics (STEM) majors had a statistically greater preference for online learning
than males. However, Black/African and Hispanic/Latinx students were statistically less
likely to enroll in online courses.

Deci and Ryan [12-14] outlined the Self Determination Theory, which centers upon
human motivation, development, and wellness. These theories have been analyzed in
several contexts, and the theories have evolved. A 2009 paper by Niemiec and Ryan [15]
identified three factors, competence, autonomy, and relatedness, that impact students
classroom motivation. Competence is linked to the perceived quality of work, autonomy is
linked to the feeling of having control of learning and the environment, and relatedness is
linked to the social aspects such as interactions with others. This research will expand upon
Deci and Ryan’s findings by analyzing motivation in more online learning environments.
In remote classrooms, students may have less opportunity to engage in discussions, ask
questions, and work with peers. This research will analyze perceived motivation as a
result of the shift in the classroom environment and potential limitations in autonomy
and relatedness.

Yu [16] analyzed the relationship between academic standing and performance during
the pandemic. The research reported that student performance and experience improved
with advances in academic standing, that is, graduate students performed better in an
online environment than undergraduate students. Artino et al. [17] and Bradley et al. [18]
also confirmed that self-regulated skills increased with academic standing [17] and that
such skills are essential in a remote classroom [18]. This research builds upon Yu's findings
by expanding the scope to include statistical comparisons with academic standing and
motivation and sense of belonging metrics.

Motivational changes and feelings of isolation (or not belonging) are directly corre-
lated with mental health problems [19]. Since COVID-19, research in remote learning has
expanded to recalibrate existing findings to consider the effect of mandatory remote learn-
ing on students. Specific factors analyzed include the effect of online learning on mental
health [20-23]. Wang [20] and Huckins [23] reported significant increases in moderate
to severe levels of depression in undergraduate students. In Wang’s study [20], 48% of
2031 participants reported signs of moderate to severe depression. In Huckins’ study [23],
behavior was assessed; students were more anxious, more sedentary, and spent more time
on social media. Al-Tammemi [21] analyzed the psychological impacts of COVID-19 on
university students using the Kessler Psychological Distress Scale (K10). Of the 381 stu-
dents included in the survey, 209 reported having no motivation for distance learning,
265 reported having severe psychological distress with females reporting a statistically
greater psychological distress than males, and 209 reported that their online studies were
their most serious concern. Son [22] reported 82% of students expressed significant concern
and anxiety regarding their academic performance. The relationship between mental
health and motivation can be used to explain some correlations observed with a decrease
in motivation; however, it is an oversimplification to say that all changes in motivation are
completely correlated with mental health issues.

Aucejo et al. [24] analyzed the impacts on remote students based upon socioeconomic
factors. Out of the 1500 students surveyed, lower income students reported having less
time to spend studying for classes and were 55% more likely to have a delayed graduation.
Additionally, health related issues from COVID-19 were reported in a higher frequency with
lower income students. Youmans [25] outlined strategies for addressing stress, motivation,
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and mental health in a general chemistry course at a small private university and argued
that instructors should provide flexibility with regard to attendance in lecture and deadlines
for homework assignments. However, the article included no demographics and did not
assess measurements of motivation and belonging.

This manuscript expands upon the research noted above by focusing on general
and organic chemistry. Chemistry is often regarded as a “weed-out” or barrier course by
most students [26]. Given this existing perception, research is needed to identify what
barriers were presented in remote learning and what factors we must consider moving
forward. The research findings focus on the impact of the learning environment and the
associated impact on motivation and sense of belonging, rather than performance. Based
upon prior research briefly outlined above and prior research in traditional classroom
environments, academic standing [16], first-generation status [24], ethnicity [27], and
gender [11,28] are identified as key demographics to analyze in the study. Two studies
noted below motivated the incorporation of ethnicity and gender. Historically, African
American students have consistently reported lower motivation and sense of belonging in
STEM courses at predominantly white institutions across the United States [27]. According
to Dasgupta et al. [28], females’ lower self-confidence, lack of motivation, and lower
sense of belonging in STEM is influenced by the learning environment and stereotypes
characterizing STEM disciplines as better suited for male students. Given that learning
environment was specifically mentioned and the unique transition posed by online learning,
gender was included as a key demographic that needs exploration. The goal of the study is
to enhance the body of literature regarding how online learning has impacted students in
the chemistry classroom. This is particularly important given that many institutions are
still using either fully remote or hybrid classroom environments. The research findings
will provide insight into strategies and best practices for moving forward with classes—
particularly with the increased interest in potentially reforming undergraduate education
to include more hybrid classes [29,30].

Five research questions (RQ) were probed in this study:

Research Question 1: To what extent are statistical differences observed with academic
standing and motivation or sense of belonging?

Research Question 2: To what extent are statistical differences observed with first-generation
status and motivation or sense of belonging?

Research Question 3: To what extent are statistical differences observed with gender and
motivation or sense of belonging?

Research Question 4: To what extent statistical differences observed with race/ethnicity
and motivation or sense of belonging?

Research Question 5: What are the advantages and disadvantages of remote learning?

2. Materials and Methods

a. DParticipants

The research study was reviewed and exempted by the institutional review board
(protocol number 2021-0181). Students in one of the four large enrollment chemistry courses
were invited to participate in the study. Students received details of the goals and objectives
of the research study and were asked to opt in or out of having their responses included in
the data analysis. Because of restrictions in collecting data, only data for students residing
in the United States at the time of the survey were included in the data analysis. Only
data from students who were 18 years or older at the time of the survey were included in
the analysis.

b.  Survey Design

A Qualtrics survey was developed to collect student responses. The demographic
information collected in the study included: gender, race, national or international status,
intended major, socioeconomic status, and academic standing. The demographic informa-
tion was first collected in the survey and a sequence of items with Likert ratings (on a scale
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of 1-3, 14, or 1-5) were used to gauge motivation, perceptions of the workload, satisfaction
with their performance, and sense of belonging. The verbal range of items for the Likert
scale was developed first as a group and from these discussions, the items were converted
to three-, four-, or five-point Likert ratings. The survey concluded with three open-ended
items that allowed students to reflect upon the advantages and disadvantages of online
learning and provide comments regarding facts or issues they wished their professor knew.
The full 49-item survey is provided as a supplemental file.

c.  Data Collection

The research study was administered in weeks 10 to 13 of the semester. A total of
283 responses were included in the analyses. The large enrollment chemistry courses were
targeted for analysis to collect a large pool of aggregate data to provide insight into student
experiences in the service curriculum. The demographic composition of the participants is
summarized in Table 1 below:

Table 1. Demographic Information for Survey Participants Who Responded to the Survey Item.

Demographic Identification
Male (N = 100)
Gender Female (N = 182)

Nonbinary (N =1)
Asian/Pacific Islander (N = 81)
White/Caucasian (N = 144)
Black/ African (N = 33)

Ethnicity Hispanic/Latinx (N = 16)
American Indian (N = 4)
Other (N =4)

More Than One Race (N = 40)

First Generation/Low Income (N = 40)
Not First Generation/Low Income (N = 242)
Freshman/First Year (N = 144)
Sophomore/Second Year (N = 69)
Junior/Third Year (N = 26)
Senior/Fourth Year (N = 43)
Domestic (N = 274)
International (N =9)

Socioeconomic Status

Academic Standing

Status

d. Data Analysis

A control question was added to the survey that instructed students to mark box B.
The control question was added to ensure students were reading the survey questions and
not randomly clicking items. Data was discarded from participants who failed to answer
the control item successfully.

Statistical comparisons between Likert Ratings and demographic metrics were deter-
mined using an independent ¢-test. Tests for normality were proven using Q-Q plots [31]
and by analyzing the distribution of data points. Using the Central Limit Theorem (CLT)
to gauge statistical power, only groups with 30 or more data points were included in the
analysis [32]. The statistical analyses were completed using StatsPlus. More specific details
were collected for students who reported more than one race but a group of 30 participants
was not identified, and was therefore not considered for the analysis following guidance
from CLT. From the Q-Q plots and restrictions, the parametric t-test was implemented.

Analysis of Variance (ANOVA) was used to compare students’ change in motivation
and satisfaction with their work and for comparing hours spent on coursework by demo-
graphic. The open-ended responses were coded by identifying key words or phrases in the
statements. The associated bar charts with the coded responses were created using Tableau.
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e.  Reliability Coefficients

Alpha and omega total reliability coefficients were computed to be 0.75 and 0.81,
respectively, using the R statistical package. Both alpha and omega were calculated based
upon existing research that indicates specific limitations in the reliability of alpha coeffi-
cients [33,34]. The computed coefficients were deemed acceptable.

3. Results

The results are organized based on responses to student motivation, sense of belonging,
and the open-ended survey items. These items represent the three areas probed by the
survey. Section 3.1 outlines correlations with questions related to motivation, Section 3.2
outlines correlations with sense of belonging, and Section 3.3 outlines students’ open-ended
responses regarding their experiences with online learning.

3.1. Correlations with Student Motivation

Student motivation was assessed using four survey items as outlined in Table 2 below.
The questions probed motivation directly and assessed how motivation has changed during
the semester. Questions regarding satisfaction with assignments and perceived workload
were also included. Specifically, a question addressing work satisfaction and change in
the level of motivation was included because motivation may be directly impacted by the
perceived benefit (or satisfaction with the work submitted). A statistical difference was
observed (F = 16.7, p = 0.000) when comparing work satisfaction with the four categories
for change in motivation (Greatly Decreased, Somewhat Decreased, Neither Decreased
nor Increased, and Somewhat Increased). None of the participants reported that their
motivation greatly increased compared to the beginning of the semester. Students who
reported that their motivation has greatly decreased since the start of the semester also
reported a statistically lower satisfaction with the quality of their work.

Table 2. Survey Items Regarding Motivation and the Average Response.

Question Survey Scale

No motivation (1)
Little motivation (2)

To what degree do you feel motivated with online learning? Moderate motivation (3) 2.6
Strong motivation (4)
Greatly decreased (1)
Has your level of motivation increased or decreased as compared to Nei hSor(;lewhat ((:jllecrea.sed ) 40 20
the beginning of the semester? eit Zr ecreased nor increase ®) ’
omewhat increased (4)
Greatly increased (5)
Extremely dissatisfied (1)
Somewhat dissatisfied (2)
Do you feel satisfied with the work you complete? Neither satisfied nor dissatisfied (3) 3.1
Somewhat satisfied (4)
Extremely satisfied (5)
If this class were in person, do you think your motivation to complete Greater (3)
work would be greater or smaller, as compared to the No change (2) 2.3
synchronous/asynchronous online format? Smaller (1)

The data in Table 2 supports the idea that students had average motivation at the
time of the survey, but the majority reported a decline in motivation since the start of
the semester. An average score was reported for the satisfaction with work completed.
Finally, the majority of participants felt their motivation level would have been higher in a
face-to-face setting.
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3.1.1. Academic Standing and Motivation

To gauge student responses based on their prior college experience, academic standing
was correlated with the survey items related to motivation. Participants with a junior (third-
year) academic standing were not included in the statistical analyses because there were
fewer than 30 responses. Figure 1 summarizes the average responses for each motivation
item by academic standing. Table 3 outlines the statistical comparison of the motivation
items with academic standing. No statistical difference was observed between the levels of
motivation at the time of the survey, but statistically significant differences were observed
between sophomores and other academic standings with respect to change in motivation,
satisfaction with work, and motivation in online vs. in-person courses. Sophomores
reported a lower satisfaction with work, a greater decline in motivation, and perceived
they would have greater motivation with in-person classes.

Comparison of Motivation Metrics by Academic Standing

Has your level of motivation
@ increased or decreased as
compared to the beginning of
the semester?
If this class were in person,
do you think your motivation
mt complete work would be
greater or smaller, as
compared to the synchronous
& asychonrous online format?
[ Do you feel satisfied with the
work you complete?

c To what degree do you feel

3 motivated with online

= 2 learning?

1
Class of 2021 (Senior) Class of 2023 Class of 2024
(Sophomore) (Freshman)
Academic Standing
Figure 1. Comparison of Motivation Survey Items by Academic Standing.
Table 3. Statistical Comparison of Motivation Survey Items and Academic Standing.
Question Demographic Comparison by Academic Standing
Freshman and Sophomore (tcq1c = 0.219, teri = 1.97, p = 0.83)
To what degree do you feel motivated with online learning? Freshman and Senior (t.q;c = 0.671, tori = 1.97, p = 0.53)

Has your level of motivation increased or decreased as
compared to the beginning of the semester?

Sophomore and Senior (tea1c = 0.389, teri = 1.98, p = 0.70)
Freshman and Sophomore (tcq)c = 2.01, tei = 1.97, p = 0.045) *
Freshman and Senior (tcq;c = 0.398, torit = 1.97, p = 0.69)
Sophomore and Senior (tcaie = 1.66, teie = 1.98, p = 0.10)
Freshman and Sophomore (tcq)c = 2.13, tit = 1.97, p = 0.034) *

Do you feel satisfied with the work you complete? Freshman and Senior (., = 1.40, tei = 1.97, p = 0.16)
Sophomore and Senior (ta. = 0.34, terit = 1.98, p = 0.73)
If this class were in person, do you think your motivation to Freshman and Sophomore (tcq)c = 2.27, teit = 1.97, p = 0.024) *
complete work would be greater or smaller, as compared to the Freshman and Senior (t.,c = 0.63, terit = 1.97, p = 0.53)
synchronous/asynchronous online format? Sophomore and Senior (t.,c =2.17, p =1.98, p = 0.032) *

* Statistically different at a 95% level of confidence.
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Mean

Mean

3.1.2. First-Generation Status, Gender, and Motivation

Figures 2 and 3 summarize the average responses for each motivation item by gender
and first-generation status. Table 4 outlines the statistical comparisons of first-generation
status and gender with the motivation survey items. There were no statistical differences,
using a 95% level of confidence, observed with any of the motivation items based upon
first-generation status. In comparing gender, females reported statistically lower levels of
motivation, statistically greater decreases in motivation since the start of the semester, and
statistically lower satisfaction with their work. There was no difference observed between
perceived level of motivation based upon whether the course had been taught in an online
versus in-person format.

Comparison of Motivation Metrics by Gender

Has your level of motivation

@ increased or decreased as
compared to the beginning of
the semester?
If this class were in person,
do you think your motivation
to complete work would be
greater or smaller, as
compared to the synchronous
& asynchronous online
format?

m Do r‘w‘;au.: feel satisfied with the
work you complete?

To what degree do you feel

motivated with online

learning?

Female Male

Gender

Figure 2. Comparison of Motivation Survey Items by Gender.

Comparison of Motivation Metrics by First Generation Status

Has your level of motivation
increased or decreased as
compared to the begining of
the semester?
If this class were in person,
do you think your motivation
to complete work would be
M greater or smaller as
compared to the synchronous
& asynchronous online
format?
= Do I'{ou feel satisfied with the
work you complete?
To what degree do you feel
M motivated with online
learning?

Not First Generation First Generation

Figure 3. Comparison of Motivation Survey Items by First-Generation Status.
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Table 4. Statistical Comparison of Motivation Survey Items and First-Generation Status and Gender.

Demographic Comparison by First-Generation Status
and Gender

Male and Female (t.,)c = 2.36, teyit = 1.97, p = 0.019) *
To what degree do you feel motivated with online learning? First Gen/Low-Income and Non-First-Gen/Low-Income
(teate = 0.63, terit = 1.97, p = 0.53)

Male and Female (t ., = 2.25, teyit = 1.97, p = 0.025) *
First Gen/Low-Income and Non-First-Gen/Low-Income
(teale = 1.22, teri = 1.97, p = 0.22)

Male and Female (t.,)c = 2.82, teyit = 1.97, p = 0.0051) *

Question

Has your level of motivation increased or decreased as compared to
the beginning of the semester?

Do you feel satisfied with the work you complete? First Gen/Low-Income and Non-First-Gen/Low-Income
(tare = 0.59, terit = 1.97, p = 0.55)
If this class were in person, do you think your motivation to complete Male and Female (t 1 = 1.848, teyit = 1.97, p = 0.066)
work would be greater or smaller, as compared to the First Gen/Low-Income and Non-First-Gen/Low-Income
synchronous/asynchronous online format? (teale = 0.32, terit = 1.97, p = 0.75)

* Statistically different at a 95% level of confidence.

3.1.3. Ethnicity and Motivation

In comparing ethnicity and the motivation survey items, Asian/Pacific Islander,
Black/ African, and White/Caucasian were included in the analyses. There were fewer than
30 data points for participants reporting other ethnicities. Only one statistical difference
was observed in the analyses. Black/African students reported having a statistically
lower motivation than Asian/Pacific Islander students when the survey was administered.
Figure 4 provides a graphical comparison of the motivation items with ethnicity. Table 5
outlines the statistical comparisons of ethnicity with the motivation survey items.

Comparison of Motivation Metrics by Ethnicity

Has your level of motivation
mincreased or decreased as
compamd to the beginning of
the semester?
If this class were in person,
do you think your motivation
mto complete work would be
greater or smaller, as
compared to the synchronous
& asychonrous online format?
mDo rlou feel sati sfled with the
you complete?
To what degree do you feel
B motivated with online
learning?

Mean

Asian/Pacific Islander White/Caucasian Black/African
American

Ethnicity

Figure 4. Comparison of Motivation Survey Items by Ethnicity.
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Table 5. Statistical Comparison of Motivation Survey Items and Ethnicity.

Question Demographic Comparison by Ethnicity

Asian/Pacific Islander and Black/African (t., =2.19,
terit = 1.98, p = 0.030) *
Asian/Pacific Islander and White/Caucasian ((t,. = 1.36,
terit = 1.97, p = 0.18)
Black/African and White/Caucasian (t.,. = 1.24,
terit = 1.97, p = 0.21))
Asian/Pacific Islander and Black/African (tqq = 1.55,
terit = 1.98, p = 0.125)
Has your level of motivation increased or decreased as compared to  Asian/Pacific Islander and White/Caucasian (t.,. = 0.56,
the beginning of the semester? terit = 1.97, p = 0.576)
Black/African and White/Caucasian (t.,. = 1.28,
terit = 1.97, p = 0.204)
Asian/Pacific Islander and Black/African (te, = 1.43,
terit = 1.98, p = 0.15)
Asian/Pacific Islander and White/Caucasian (tc, = 1.27,
terit = 1.97, p = 0.21)
Black/African and White/Caucasian (t.,. = 0.53,
terit = 1.97, p = 0.597)
Asian /Pacific Islander and Black/African (t.y.= 0.91,
terit = 1.98, p = 0.37)
Asian/Pacific Islander and White/Caucasian (t., .= 1.78,
terit = 1.97, p = 0.078)
Black/ African and White/Caucasian (t,.= 0.18,
terit = 1.97, p = 0.86)

To what degree do you feel motivated with online learning?

Do you feel satisfied with the work you complete?

If this class were in person, do you think your motivation to complete
work would be greater or smaller, as compared to the
synchronous/asynchronous online format?

* Statistically different at a 95% level of confidence.

3.2. Correlations and Sense of Belonging

Four survey questions were designed to probe students’ sense of belonging in the
course and STEM as well as their interactions with the professors and classmates. Table 6
summarizes these findings. Sense of belonging in STEM received the highest marks and
both interactions with the professor and interactions with classmates received less than
average ratings.

Table 6. Survey Items Regarding Sense of Belonging and the Average Response.

Question Survey Scale

Definitely yes (4)

Do you feel you have bonded with your Probably yes (3)
Chemistry professor in online learning? Probably not (2)
Definitely not (1)

Definitely yes (4)

Do you feel you have bonded with your Probably yes (3)
classmates in online learning? Probably not (2)
Definitely not (1)
Definitely yes (4)
Probably yes (3)
Probably not (2)
Definitely not (1)
Definitely yes (4)
Probably yes (3)
Probably not (2)
Definitely not (1)

2.0

2.0

24

Do you feel a sense of belonging in this course?

Do you feel a sense of belonging in STEM? 3.1

3.2.1. Academic Standing and Sense of Belonging

The transition from in-person to remote learning impacted all students, from first-year
college students to senior undergraduates. Figure 5 summarizes the mean values for the
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belonging survey items by academic standing. Statistical comparisons between academic
standing and each of the sense of belonging survey items are provided in Table 7 below.
Sophomores reported a lower sense of bonding with classmates but the difference was not
statistically significant using a 95% level of confidence.

Comparison of Belonging Metrics by Academic Standing

.Do you feel a sense of

belonging in this course?
.Do you feel a sense of

belonging in the STEM field?
Do you feel you have bonded
W with your Chemistry
professor in online learning?
Do you feel you have bonded
with your classmates in

£ online learning?
a
s 2

1

Class of 2021 (Senior) Class of 2023 Class of 2024
(Sophomore) (Freshman)
Figure 5. Sense of Belonging Averages by Academic Standing.
Table 7. Statistical Comparison of Sense of Belonging and Academic Standing.
Question Demographic Comparison by Academic Standing
Freshman and Sophomore (tcqic = 1.53, teit = 1.97, p = 0.13)
Do you feel a sense of belonging in the course? Freshman and Senior (., = 0.97, toq = 1.97, p = 0.332)

Do you feel you bonded with your classmates
in online learning?

Do you feel you have bonded with your chemistry professor
in online learning?

Sophomore and Senior (t.,c = 0.28, tit = 1.98, p = 0.78)
Freshman and Sophomore (tcqic = 1.36, teit = 1.97, p = 0.17)
Freshman and Senior (t.,)c = 0.946, ti = 1.97, p = 0.35)
Sophomore and Senior (t.,c = 1.96, teit = 1.98, p = 0.052)
Freshman and Sophomore (t.q1.= 0.61, toj = 1.97, p = 0.54)
Freshman and Senior (t.,c= 2.14, teit = 1.97, p = 0.034) *
Sophomore and Senior (.= 1.39, terie = 1.98, p = 0.16)
Freshman and Sophomore (tcq1c = 1.86, terit = 1.97, p = 0.064)

Do you feel a sense of belonging in the STEM field? Freshman and Senior (tc,)c = 0.852, teit = 1.97, p = 0.395)

Sophomore and Senior (t.,)c = 0.647, teit = 1.98, p = 0.519)

* Statistically different at a 95% level of confidence.

3.2.2. First-Generation Status and Sense of Belonging

Figures 6 and 7 summarize the mean values for the belonging survey items by gender
and first-generation status. Table 8 summarizes the statistical comparisons of sense of
belonging with gender and first-generation status. No statistical differences were observed
with any of the survey items and first-generation status. Females reported a statistically
lower sense of belonging in the course and a lower sense of belonging in STEM.
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Comparison of Belonging Metrics by First Generation Status

m Do you feel a sense of
belonging in this course?

@ Do you feel a sense of
belonging in the STEM field?

Do you feel you have bonded
B with your Chemistry professor

in online leaming?

Do you feel you have bonded
[ with your classmates in online
learning?

Mean

Not First Generation First Generation

Figure 6. Sense of Belonging Averages by First-Generation Status.

Comparison of Belonging Metrics by Gender

@ Do you feel a sense of
a belonging in this course?
=] Do you feel a sense of
belonging in the STEM field?
Do you feel you have bonded
W with your Chemistn{
professor in online learning?
Do you feel you have bonded
B with your classmates in
online learning?

Mean

Female Male

Figure 7. Sense of Belonging Averages by Gender.

Table 8. Statistical Comparison of Sense of Belonging and Comparison with Gender and First-Generation Status.

Demographic Comparison by First-Generation Status
and Gender

Male and Female (t.,c = 2.72, tyit = 1.97, p = 0.0070) *
Do you feel a sense of belonging in the course? First Gen/Low-Income and Non-First (t., = 1.89,
terit = 1.97, p = 0.059)
Male and Female (t 1 = 0.406, tyit = 1.97, p = 0.685)
Do you feel you bonded with your classmates in online learning? First Gen/Low-Income and Non-First-Gen/Low-Income
(teale = 1.76, terit = 1.97, p = 0.080)

Male and Female (t.,c = 0.39, teit = 1.97, p = 0.70)
First Gen/Low-Income and Non-First-Gen/Low-Income
(teale = 0.83, terig = 1.97, p = 0.40)

Male and Female (t e 4.27, teit = 1.97, p = 0.00003) *
Do you feel a sense of belonging in the STEM field? First Gen/Low-Income and Non-First-Gen/Low-Income

(teale = 0.61, terjg = 1.97, p = 0.53)

* Statistically different at a 95% level of confidence.

Question

Do you feel you have bonded with your chemistry professor
in online learning?




Educ. Sci. 2021, 11, 549 12 0f 18

3.2.3. Ethnicity and Sense of Belonging

In comparing ethnicity and sense of belonging, Asian/Pacific Islander students re-
ported a higher sense of belonging in each of the survey items. A statistical difference was
observed between Asian/Pacific Islander students and Black/African students with regard
to bonding with their classmates in the online environment, with Black/African students re-
porting a lower interaction with their classmates. Asian/Pacific Islander students reported
a statistically higher sense of belonging in STEM than White/Caucasian and Black/African
students. There was no statistical difference between Black/African and White/Caucasian
students regarding their sense of belonging in STEM. Figure 8 summarizes the averages
of the belonging items by ethnicity. Table 9 outlines the comparisons between sense of
belonging and ethnicity.

Comparison of Belonging Metrics by Ethnicity

Do you feel a sense of

4 belonging in this course?

B Do you feel a sense of
belonging in the STEM field?
Do you feel you have bonded

W with your Chemistry

professor in online learning?

Do you feel you have bonded

with your classmates in

online learning?

Mean

Asian/Pacific Islander Black/African White/Caucasian
American

Figure 8. Sense of Belonging Averages by Ethnicity.

Table 9. Statistical Comparison of Sense of Belonging and Comparison with Ethnicity.

Question Demographic Comparison by Ethnicity

Asian /Pacific Islander and Black/African (t.y. = 1.45,
terit = 1.98, P 0.15)
Asian /Pacific Islander and White/Caucasian (tg,. = 3.32,

Do you feel a sense of belonging in the course? terie = 1.97, p = 0.0010) *
Black/ African and White/Caucasian (tcae = 0.80 teyit = 1.97,
=0.43)

14
Asian /Pacific Islander and Black/African (t.y. = 0.54,
terit = 1.98, p = 0.59)
Do you feel you bonded with your classmates Asian /Pacific Islander and White /Caucasian (tq,. = 1.966,
in online learning? terit = 1.97, p = 0.0505)
Black/ African and White/Caucasian (t, = 1.96,
terit = 1.97, p = 0.052)
Asian /Pacific Islander and Black/African (t.y. = 0.033,
terit = 1.98, p = 0.973)

Do you feel you have bonded with your chemistry professor Asian/Pacific Islander and White/Caucasian (tcqc = 1.12,
in online learning? terit = 1.97, p = 0.26)
Black/ African and White/Caucasian (teae = 0.820, tee = 1.97,

p=041)
Asian /Pacific Islander and Black/African (t.y. = 3.38,
terit = 1.98, p = 0.00098) *
Asian/Pacific Islander and White/Caucasian (tc,c = 2.42,

Do you feel a sense of belonging in the STEM field? teie = 1.97, p = 0.016) *
Black/ African and White/Caucasian (teae = 145, teie = 1.97,
p=0.15)

* Statistically different at a 95% level of confidence.
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Category Code
communication | N

Diffic

3.3. Pros and Cons of Online Learning

The last three items on the survey were open-ended to collect students” opinions
about advantages and disadvantages associated with online learning. The responses for
the disadvantages and what I wish my professor knew items were grouped and coded.
The key advantage that was noted most often was the flexibility associated with remote
learning. Additionally, the recorded lectures provided opportunities to review specific
concepts from lecture.

A similar approach was used for grouping and coding students’ responses for dis-
advantages. Figure 9 summarizes these findings. The lack of engagement and lack of
community were the two issues that students noted as being the two greatest disadvantages.
Additionally, students outlined difficulties with communication and class organization—
including perceptions that the online offering is more challenging.

exam Structure/Proctoring | N I
Feels More Challenging
Impersonal/No Sense of Community |

Labs/Demos [l

Lack of Engagement and Motivation |

Mental Health Challenges [l

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Count

Figure 9. Summary of the coded data regarding the disadvantages associated with online learning.

The last question on the survey provided students an opportunity to provide addi-
tional insight into issues they wish their professor knew. As with the advantages and
disadvantages of online learning, responses were grouped and coded. Figure 10 provides
an overview of the codes and their count. Most notably, most students indicated that the
course felt more challenging or more difficult than the face-to-face offering. Additionally,
students noted that lectures are not engaging and more support is needed. Less common
codes emphasized a variety of points including appreciation for the efforts taken by the pro-
fessor and emphasis on the need for greater understanding and flexibility from instructors.

Category Code

Active Learning is Effective [

Class is Unfair/Too Hard |

Concerns About Honor Code -
Concerns Regarding Mental Health _
Feels Disconnected from Professor | [ R
Ineffective Group Work and Active Learning _
Lectures Aren't Engaging/Online Format is Challenging | NS
I

Loss of Motivation

More Support is Needed | I

More Understanding by Professor

Thankful for the Professor's Efforts | NN

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Count

Figure 10. Summary of the coded data from the open-ended question: “What I wish my professor knew”.

4. Discussion

Research Question 1: To what extent are statistical differences observed with academic
standing and motivation or sense of belonging?

The findings regarding motivation, and particularly the decline in motivation, were
expected given the online structure. Al-Tammemi et al. [21] reported a significant drop in
motivation in their findings. Additionally, many students have reported zoom fatigue [35]
which has led to significant reductions in motivation. From the research reported by Yu [16],
it was hypothesized that freshman would experience the greatest challenge with motivation
within the remote environment. The full scope of activities designed to build community
within the incoming freshmen students were not implemented and students lacked pre-
existing friends and connections from previous academic years. Both observations support
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the hypothesis that freshmen would have a lower sense of belonging. Neither of these
hypotheses were correct. There was no statistical difference with any of the motivation or
sense of belonging items for students with freshman or senior standing. However, statistical
differences were observed with sophomores regarding their satisfaction with their work
and their change in motivation since the start of the semester. These statistical differences
were observed between sophomores and seniors as well as sophomores and freshman for
both items. Additionally, statistical differences were observed between sophomores and
seniors regarding bonding with classmates.

To explain the statistical differences observed, the undergraduate curriculum sug-
gests that most sophomore students were taking organic chemistry. This is a significant
observation because organic chemistry generally poses challenges for students regardless
of the instructional mode. Research by Sunasee et al. [36] and Crucho et al. [37] reiterate
challenges of teaching organic chemistry—particularly in the online setting. To further
support this relationship, sophomores reported a statistically greater perception that the
online course was more challenging than the course would have been in a traditional
face-to-face mode. Sophomores reported spending a statistically (F = 13.2, p = 0.000) higher
number of hours on course work compared to freshman and seniors. Sophomores reported
spending 11.4 h per week on coursework compared to 8.4 h reported by freshmen and
7.6 reported by seniors. Additionally, freshmen also transitioned to remote learning in
February during high school. Therefore, this could account for the lack of differences
because they had already adapted to the remote learning environment.

Second year students expressed less satisfaction with their work despite the extensive
time spent studying and reviewing. From Desi and Ryan'’s research [13], competence and
autonomy were two factors that promoted motivation. The decrease in motivation noted by
sophomores can be attributed to their feeling of not having control of their understanding
and feelings of incompetence. The organic chemistry students faced the challenge of
navigating the online learning environment while engaging with challenging content.

Research Question 2: To what extent are statistical differences observed with first-
generation status and motivation or sense of belonging?

Based upon prior research [11,24] with first-generation students, the research group
hypothesized observing statistical differences between motivation and sense of belonging
survey items between first-generation and non-first-generation students. However, no
statistical differences were observed between first-generation and non-first-generation
students. There was no statistical difference (F = 2.17, p = 0.14) between first-generation
and non-first-generation with respect to the hours reported on coursework per week. These
findings can be rationalized using the timeline for the survey. The pandemic impacted
classes initially in the spring of 2020 and the survey data was collected in late fall. Students
had time to adjust and recalibrate to adapt to the remote learning environment. By fall 2020,
the university had instituted programs to provide students with e-learning technology,
effectively supporting students with financial hardship, many of whom are first-generation.
Additionally, in the fall, the university had developed more comprehensive support fea-
tures to aid students and faculty, such as free online counseling and tutoring programs.
Awareness of inequities and action by universities has proven successful in previous stud-
ies [38], and while no direct correlations were measured in this study, the lack of a statistical
difference does support the benefits of university programs and actions.

Research Question 3: To what extent are statistical differences observed with gender
and motivation or sense of belonging?

Although Wladis et al. [11] reported a statistically higher preference for the online
learning format for female STEM majors, the study was based upon self-selection and
similar metrics for measuring motivation and sense of belonging were not used to gauge
impact. The findings presented yield a very different conclusion. In this study, females
reported having statistically lower motivation in the online environment, greater decreases
in motivation since the start of the semester, and a lower overall satisfaction with their work.
Despite the statistically lower perceived motivation, females reported spending statistically
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more time on course work compared to males (F = 4.84, p = 0.03). On average, females
reported spending 9.4 h a week on course work, including studying and homework,
compared to 8.1 h a week reported by men. However, reduced motivation does not
necessarily imply reduced effort. Further research will be conducted once face-to-face
teaching resumes to gauge whether the weekly time commitment and perceived level of
motivation varies by gender.

Females reported a statistically lower sense of belonging in the class and in STEM. The
courses were taught completely remote, including the discussion section that incorporated
active learning approaches to engage students. One explanation for the findings relates
to previous research that illustrates females perform better in active learning environ-
ments [39]. Given the completely remote nature of the course, building connections with
other students and faculty and having meaningful discussions were challenging. Although
steps were taken to engage students in zoom using break out rooms and polls, the online
environment posed challenges for students to actively engage. Hadi et al. [40] identified
the human-side, technological, and environmental barriers that limit student engagement
and remote active learning. Once face-to-face instruction resumes, further research will be
conducted to probe whether the statistical difference between males and females persists
regarding the sense of belonging in the course and STEM.

Females reporting lower perceived satisfaction and sense of belonging in online STEM
courses can perhaps be explained by a larger trend of gender bias in STEM disciplines.
These findings align with research by Dasgupta et al. [28] who outlined factors that may
negatively impact female students” motivation and sense of belonging in STEM. Thus,
alongside further research assessing female STEM students” motivation, belonging, and
success in the classroom, evidence-based institutional initiatives, such as increasing profes-
sional development, increasing access to academic resources, and increasing female STEM
faculty, may be necessary to support and promote female STEM students.

Research Question 4: To what extent are statistical differences observed with race/ethnicity
and motivation or sense of belonging?

Three statistical differences were observed when comparing ethnicity. Black/African
students reported a statistically lower motivation for online learning than Asian/Pacific
Islander students. While differences in reported motivation were observed, there was
no statistical difference (F = 0.24, p = 0.78) between the time spent on course work.
White/Caucasian students reported a statistically lower sense of belonging than Black/African
and Asian/Pacific Islander students. Finally, White/Caucasian and Black/African stu-
dents both reported a statistically lower sense of belonging in STEM. These findings are
consistent with research by Rainey et al. [27] who reported that African American students
have consistently reported lower motivation and sense of belonging in STEM courses at
predominantly white institutions across the United States [27]. The statistical differences
between ethnicity observed need further research as previously noted with gender. A more
detailed comparison for face-to-face versus remote learning is needed to determine the
extent to which the teaching format may have impacted these findings. Perhaps the low
presence of underrepresented minority students in STEM courses is exacerbated in the
online setting where connecting with other students is more difficult.

Research Question 5: What are the advantages and disadvantages of remote learning?

From the open-ended responses, students outlined flexibility as being the key benefit
for remote learning. Specifically, students enjoyed not having to commute and being able
to watch lectures on their terms. Therefore, as many classes transition from an online
to face-to-face format, making course content available online to supplement in-person
instruction may afford students greater flexibility. In the upcoming semester, professor
office hours and outreach hosted by teaching assistants will be remote in order to maintain
social distancing and provide flexibility.

The open-ended responses for the advantages were more sporadic and did not have a
specific theme as observed with both the disadvantages and What I Wish My Professor
Knew items. Over 76% of the responses concerning disadvantages noted that classes
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were impersonal and described maintaining motivation in the remote environment as
challenging. This observation is consistent with research on mental health [21,22] that
noted online learning as a source of significant stress for students. Additionally, these
comments were generally reiterated in the last open-ended item that provided students
freedom to state facts that would be helpful for their professors for recalibrating and
redesigning the courses. Responses such as the class structure is unfair (or too much work),
additional resources are needed for remote learning, and lectures are not engaging were
commonly noted and accounted for over 50% of the responses. As courses are recalibrated
to meet in person again, these comments support the importance of providing opportunities
for student engagement either through active learning in lectures, group projects, or simple
items that allow for quick discussions which, if used correctly, will boost the relatedness
component of motivation [12,13].

5. Conclusions

The transformation from in-person to remote learning was challenging for educators
and students. Remote learning environments presented challenges to motivation, sense
of belonging, and class satisfaction among students of different ethnicities, class years,
and genders. Research illustrates that impacts to students were variable depending upon
several metrics. It is imperative that we are cognizant of these differences—particularly
with the start of the next academic term. The format of classes moving forward may be
traditional, hybrid, or remote depending upon the location. Research has emphasized
the importance of recognizing that students have different learning styles. Therefore, it is
important to recognize and provide flexibility for challenges students may face in the less
traditional environment.

This research also provides support for recalibrations needed once “traditional” in-
struction does resume. It may be advantageous for instructors to prioritize fostering
student and faculty connection, flexibility, and supplementary academic resources in the
classroom. Doing so may boost student self-efficacy, confidence, and inclusion in STEM.
Future research is needed to determine if the motivation and inclusion gaps among female
and underrepresented students in STEM persist outside of the online course environment.
As universities transition back to in-person instruction, it is critical that instructors consider
students’ noted challenges in the online format and modify their courses to place student
engagement and flexibility at the forefront of their instruction methods.

From these findings, future research will be conducted into how both motivation and
sense of belonging metrics change as we transition to the traditional classroom. More
research is needed—particularly with sense of belonging in the course and STEM—to
determine whether the differences between genders and ethnicities persist. If so, it is
critical that paradigms be developed to promote inclusivity for all races and genders. The
perceived weed out nature of chemistry has been attributed to stifling diversity in STEM.
The findings reported in this study reiterate the need for more attention to this issue.
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