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Abstract During the COVID-19 pandemic post-secondary courses transitioned from in-person to online learning
environments, which came with challenges but also created opportunities to modify teaching and learning
approaches that could continue upon the return to in-person learning. The purpose of this study was to determine the
effect of students’ ability to self-select their preferred learning environment/lecture format [online, in-person or
hybrid (combined in-person and online learning)] on academic performance, overall stress, academic stress, learning
approach (deep and surface learning approaches), and to gain insight into students’ perceptions of online learning.
During the Winter 2022 semester, courses were delivered online for the first 4 weeks, before the removal of
COVID-19 restrictions. For the remaining 8 weeks, students in a fourth-year chronic disease pathophysiology course
(n=210) were given the option to self-select their preferred learning environment/lecture format for the remaining 8
weeks of the semester, choosing between in-person (n=56, 26.7%), online (=113, 53.8%), or hybrid (n=41, 19.5%)
learning. Final grade and perceived stress levels did not differ between lecture formats; however, stress levels were
inversely associated with final grades in the online (r = -0.19; P=0.02) and in-person (r = -0.41; P=0.05) lecture
formats with no association in the hybrid format (r = 0.03; P=0.85). Further, academic stress was identified as the
greatest source of stress experienced by 64% of in-person, 76% of hybrid, and 69% of online students. Students
preferred learning requirements aligned with their self-selected learning format, wherein the main online learning
challenges included i) needing more clarification, ii) difficulty interacting with professors, iii) feeling more
distracted, iv) having lower comprehension, and v) experiencing difficulty with time management (P<0.05). These
findings demonstrate that students’ learning environment preferences influence their choice of lecture format;
however, even when a preferred learning environment is selected, students’ academic stress levels remain high and
influence academic performance.
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1. Introduction

At many post-secondary institutions, the initial
response to the COVID-19 pandemic was the abrupt
transition of courses from the traditional face-to-face in-
person learning environment into an online learning
environment [1]. The educational experience in online
learning environments can differ from in-person course
instruction and can impact student learning [2,3]. During
this period of online and remote learning during the

COVID-19 pandemic, studies have reported students
experiencing higher stress, anxiety, and depression levels
[4-12], which coincided with social isolation and limited
access to social coping mechanisms to alleviate stress,
adversely impacting their mental health [4] [13,14,15].
There are benefits associated with online learning
including increased flexibility [16,17,18,19,20], better
access to resources [1,21], eliminating commuting times
and associated expenses [22,23], and alleviating some
anxiety in the learning environment [24,25,26,27].
Conversely, there are also challenges associated with
online learning, including difficulties with technology,
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such as user technology or digital literacy, internet
connectivity or difficulties accessing online course
resources (e.g., websites or virtual learning spaces)
[27,28]. Some student attributes or characteristics are
more likely to promote success in, and thus, satisfaction
with online learning, including self-efficacy, self-
regulation (including time management skills, active
learning style, and self-discipline), motivation, time
management,  organizational  skills, etc. [26,29].
Importantly, not all students’ learning approach and/or
personal characteristics are optimally suited for an online
learning environment, and by extension, not all students
adapt well to online learning [29]. A recent systematic
review of studies assessing students’ satisfaction with
COVID-19-associated online learning reported that 36%
of studies found that students were highly satisfied, 50%
of studies reported moderate student satisfaction, and 14%
of studies reported students were dissatisfied with the
online learning format [16]. This degree of variability
reflects the varied opinions regarding online learning that
exist within the higher education student population and
raises questions about the utility of continued online
learning post-pandemic.

In addition to the challenges that students experience
with online learning, instructors also experience
challenges associated with shifting their pedagogical
approach and adapting courses designed for in-person
learning into an online learning environment [27].
Moreover, during the adaptation to online learning,
instructors were also required to address the needs of
students, in part, by finding new approaches and
assessments to promote student engagement [27,30] in the
attempt to counter students’ social isolation during the
pandemic. Of these approaches, group learning can be an
effective method to increase engagement and promote
active learning in both in-person and online lecture
formats [31,32,33]. The inclusion of small online learning
groups that function to connect students in an online
learning format can help promote student engagement in
course content application activities [34,35]. Group
discussions are challenging in large in-person lectures
where students may feel intimidated to openly engage in
group discussions [36], whereas the smaller online
learning group discussion activities have been shown to
have higher student participation and provide students
with more opportunities to apply their knowledge in this
format [34]. Further, participation in online discussion
activities allow students to build familiarity with one
another and have been shown to stimulate active learning
and understanding of course material, as well as improve
collaboration and communication skills [31,32,34,37].
When combining group learning with a written discussion
board format, students can benefit from the permanent
record of the on-going discussion and have more time to
formulate ideas, reflect, think critically, learn from their
peers and respond to other students’ posts, leading to a
richer discussion, a greater exchange of ideas and
comprehension of course concepts [34] [38,39,40]. The
greater time frame for written discussion board
interactions between students also provides more time to
develop ideas, which can be limited in an in-person
learning environment where discussion time may be
limited by the instructor [36,37,38]. The implementation

of active learning strategies such as discussion activities
and the use of case-based learning or problem-based
learning in online courses has been shown to mitigate
some of the difficulties students report with online
learning [31]. In this connection, scientific literacy skill
development was effectively promoted during the
COVID-19 pandemic in an online learning environment
that utilized discussion board activities within online
learning groups [41]. Moreover, scientific literacy skill
development was as effective in the online learning
environment as it was in the traditional in-person learning
environment pre-pandemic [41], thereby demonstrating
the utility of combined online learning groups and
discussion board activities for engagement and critical
skill development.

Overall, there is variability in both students’
perceptions of and attitudes toward online learning [42,43]
and the academic stress that is associated with the online
learning format [44]. Despite the requirement for all
students to adapt to an online learning environment at the
start of the COVID-19 pandemic, students and instructors
may prefer the continuation of the online learning format
either remaining completely online or in a hybrid
environment combining both online and in-person
learning options within courses post-pandemic [16,45].
Some of these benefits may include increased flexibility
[16,17,18,19,20], increased accessibility [21], reduced
commute time to attend in-person lectures [16] [22,23]
[46], and access recorded lectures to facilitate learning and
concept review [16,47,48]. With the ongoing transition
out of online learning and the return to in-person learning,
it will be beneficial to retain certain elements of online
learning and to determine if continued online learning
lecture formats are preferred by or optimal for some
students. Phenomenology studies [49] can provide insight
into students learning experiences in concurrent in-person,
online and hybrid learning environments associated with
the COVID-19 pandemic, which may help inform either
instructor or institutional decisions regarding continuation
of online learning post-pandemic. It is important to
consider the student learning experience and to make
evidence-informed decisions regarding the types of
learning environments (in-person, hybrid or online) that
are offered to students, as not all students are optimally
suited for every learning environment [29]. Furthermore,
elevated student academic stress and anxiety has been
reported during the COVID-19 pandemic [5-11] [18]
[50,51], which may be due, in part, to challenges
associated with the online learning format. Identifying
strategies to limit academic stress post-pandemic are
needed in higher education. The present study was
conducted in the Winter 2022 academic semester wherein
courses started in an exclusively online learning
environment for the first 4 weeks of the semester;
however, COVID-19 physical distancing restrictions were
lifted at the start of week 5. For the remainder of the
semester (weeks 5-12) students were allowed to select
their preferred learning environment and could remain
online, return to in-person lectures or choose a hybrid
learning environment (a combination of in-person and
online lectures). The objectives of this study were to
determine how the opportunity for students to self-select
their preferred learning environment/lecture format
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influenced their i) perceptions of online learning and the
return to in-person lectures/learning environment, ii)
learning approach, iii) academic stress, and iv) academic
performance. The research questions we sought to address,
within the context of our study, were the following: 1)
What factors influence students” choice of learning
environment? 2) Does the ability for students to self-select
their preferred learning environment (in-person, online or
hybrid) influence their academic performance and learning
approach (i.e., deep versus surface learning approaches)?
3) How does the ability to self-select the learning
environment influence students’ academic  stress
experience?

2. Methods and Materials

2.1. Lecture Format and Students’ Selected
Learning Environment: In-Person,
Online or Hybrid

Online Group
(n=113, 53.8%)

Online Format
All Students
(n=210)

Weeks 1-4 of the
Semester

Hybrid Group
(n=41, 19.5%)

In-person Group
(n=56, 26.7%)

Weeks 5-12 of the
Semester

Figure 1. Study Design Diagram. Classes were delivered synchronous
online format using Zoom during weeks 1 to 4 of the semester. During
weeks 5 to 12 of the semester in-person lectures were permitted and were
synchronously recorded over Zoom. All recorded lectures were available
to all students throughout the semester. During weeks 5 to 12 students
self-selected to attend lectures either entirely in-person (In-Person Group,
26.7% of the class), remain online (Online Group, 53.8% of the class) or
a combination of in-person and online lecture attendance (Hybrid Group,
19.5% of the class)

The research context for this study involved
undergraduate students in a health science major enrolled
in a fourth-year nutrition and chronic disease
pathophysiology course (n=210) during the Winter 2022
semester at a research-intensive university during the
semester when COVID-19 physical distancing restrictions
were ended at the university. As a result of the COVID-19
pandemic the first 4 weeks of lectures in the 12-week
course were delivered online via two 90-minute
synchronous lectures per week held on Zoom (Zoom
Video Communications, San Jose, California, USA). The
synchronous online lectures were also recorded and posted
to the course website for students to review at any time
during the semester. At the start of week 5 of the semester
COVID-19 restrictions were removed and in-person
lectures were permitted again at the institution. Despite
the return to in-person learning the decision was made to
continue recording lectures using Zoom, therefore, at this
juncture in the course students could self-select what
lecture format/learning environment they preferred to

access to complete the course. Thus, between weeks 5 and
12 (8 weeks total) of the semester students chose between
learning environments and reported at the end of the
semester which of the 3 options they ultimately engaged
in (as shown in Figure 1): in-person (n=56 or 26.7% of
students in the course), online (n=113 or 53.8% of
students in the course) or hybrid (combination of
attending in-person and online lecture formats; n=41 or
19.5% of students in the course).

2.2. Inclusion of Online Learning Groups

Students were randomly assigned to an online learning
group consisting of 10 students per group at the start of
the semester and these online learning groups continued
for the duration of the semester. Thus, after in-person
lectures were possible starting in week 5 of the semester,
these groups contained a mix of students engaging with
the course in the in-person, online and hybrid formats. The
intention of the online learning groups was to help foster a
sense of community in the course and connect students
together while learning remotely during the COVID-19
pandemic. Previously, students engaged in online
discussions with their online learning group members
have been shown to improve their critical thinking skills
and utilize a deep learning approach [52]. Students were
required to engage in online discussions within their
online learning groups using the discussion board on the
course website, wherein each online discussion activity or
topic was worth 2% of their final grade for a total of 10%
(i.e., 5 online learning group discussion assignments
during the semester in weeks 2, 5, 8, 10 and 12). Online
learning group discussions focused on course content and
included case studies with application questions,
knowledge translation activities related to cellular and
molecular mechanisms, accessing the scientific literature
to relate course concepts to diseases not discussed in
lecture, and learning reflection.

2.3. Online Surveys

Two identical online surveys were conducted during the
12-week semester using the Qualtrics Insight Platform
(Provo, UT, USA), distributed using private link sent to
students’ university email address. The first survey
(Survey 1) was available to students during week 1 of the
course (when all students were in an online learning
environment) and the second survey (Survey 2) was
available during week 12 of the course (at the end of the
academic semester) for all students (in-person, online, and
hybrid). Survey questions assessed students’ learning
approaches, perceived stress, and perceptions of the online
learning environment in comparison to in-person learning.
Specifically, learning approach (i.e., surface versus deep
approaches) reflect students’ engagement and their
underlying motives and strategies employed during the
learning process was assessed using the 20-item validated
two-factor Revised Study Process Questionnaire (RSPQ2F)
[53]. Students that use a surface learning approach tend to
have minimal engagement in learning, rely on rote
memorization, and have limited knowledge application
capabilities, whereas students utilizing a deep learning
approach tend to be highly engaged in learning, motivated
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to learn and seek a deeper understanding and integration
of course concepts [53,54,55]. Perceived stress levels were
assessed using the validated 14-item Perceived Stress
Scale (PSS) [56] that evaluates stress intensity from all
sources, both academic and non-academic sources.
Students’ perceptions of online learning in comparison to
their prior experiences during traditional in-person
learning was evaluated using researcher-generated
questions adapted from [57] that have been published
previously [58]. This included students’ perceptions of
challenges associated with navigating the online learning
environment including, but not limited to, organizing a
schedule, accessing instructor support/asking questions,
and the influence of online learning groups on engagement
and course content comprehension. Additionally, on
Survey 2 (at the end of the semester) students were asked
additional seven researcher-generated questions about
their overall experience with online learning groups and
their influence course engagement and comprehension of
course concepts [58]. Finally, on Survey 2, students were
asked an open-ended text-based question to identify the
factor(s) that influenced their decision to select engaging
with the course lectures in either the in-person, online, or
hybrid formats during weeks 5-12 of the course. A
thematic analysis was conducted on students’ text
responses that informed their selection of learning
environment that fell into the categories of i) exposure to
COVID-19, ii) learning environment preferences, and iii)
logistical factors.

Students provided their informed consent prior to
completing either online survey and only students who
completed both Survey 1 and Survey 2 were included in
the analysis. Students who completed Survey 1 received a
2% participation bonus added to their midterm exam grade
and students who completed Survey 2 received a 2%
bonus added to their final exam grade. Alternative
assignments were available for any students who did not
complete the online surveys but still wanted to earn the
participation bonus grades. Out of the 231 students
originally enrolled in the course, 210 completed both
online surveys, reflective of 90.9% of students originally
registered in the course choose to participate in the study
and the remaining 9.1% did not participate or completed
only Survey 1 and dropped the course (therefore their
incomplete data was not used in the analysis). This study
was approved by the institutional Research Ethics Board
(REB#20-10-026).

2.4. Statistical Analysis

Statistical analyses were conducted using GraphPad
Prism software version 9.3.1 (San Diego, CA, USA). The
predefined upper limit of probability for statistical
significance was P<0.05. Values are presented as mean
values with the standard error of the mean (SEM).
Learning approach and PSS score were analyzed by two-
way ANOVA [main effects: lecture format group (i.e., In-
Person, Hybrid and Online Groups) and time (i.e., Survey
1 and Survey 2)] followed by Tukey’s range test. Data for
academic stress, online learning challenges, and
perceptions of online learning groups were collected only
on Survey 2 on a Likert scale and differences between
lecture format groups were determined using one-way

analysis of variance (ANOVA) followed by a Kruskal-
Wallis test. Pearson correlations were conducted to
determine the association between students’ learning
approach scores, perceived stress levels and final grades.

3. Results and Discussion

3.1. Factors Influencing Students’
Self-Selection of the Lecture
Format/Learning Environment

Table 1. Factors Influencing Students’ Choice of Lecture Format®

In- - .
Person % Hybrid % | Online %
(n) (n) (n)
Exposure to COVID-19
Concerned about COVID-19
exposure 446 (25) | 41.5(17) | 38.9(44)
Not concerned about COVID-19 26.8 (15) 9.8 (4) 6.2 (7)
exposure
Did not identify COVID-19
exposure or risk as a factor in 28.6 (16) 48.8 (20) | 54.9 (62)
choosing a course format
Learning Environment Preferences
Prefer |n—perztr)1rllirl1eectures versus 51.8 (29) 244 (10) | 1856 (21)
Easier to concentrate in-person 50.0 (28) | 24.4(10) | 29.2 (33)
versus online
Easier to ask questions or
communicate with the instructor | 33.9(19) | 26.8 (11) | 11.5(13)
in-person versus online
Missed the social aspect of in- 53.6 (30) 220(9) | 204 (23)
person lectures
Missed the in-person learning
environment during COVID-19- 82.1(46) | 34.1(14) | 36.3(41)
assocaited online learning
Concerned about the technical
difficulties of online learning 19.6 (1) 12.2(5) 44(5)
Logistical Factors
Challenges with commuting to 286 (16) | 26.8(11) | 265 (30)
campus for lectures
My other classes were in-person 14.3 (8) 9.8 (4) 8.8 (10)

*Proportion of students (expressed as % and n) who identified each factor
that influenced their decision to select either the in-person, online or
hybrid lecture formats during weeks 5 to 12 of the academic semester.

During weeks 5 to 12 of the semester students self-
selected  their  preferred lecture  format/learning
environment for engaging with the lectures in the course
(either exclusively in-person, exclusively online, or a
hybrid approach with the combination of attending some
lectures in-person and viewing other lectures online). At
the end of the semester (i.e., on Survey 2), students were
asked to explain the factor(s) that influenced their decision
to engage with the course lectures in either an in-person,
online or hybrid format. A thematic analysis determined
three main categories of factors that influenced students’
lecture format decision, which included risk of exposure
to COVID-19, learning environment preference, and
logistical factors, as shown in Table 1. For context, at this
university, in-person courses were emergency shifted to an
online format in March 2019 and all courses remained
online until the end of week 4 of the academic semester
(in February 2022), when in-person lectures were
permitted to resume at the start of week 5. The impact of
COVID-19 exposure on students’ lecture format/learning
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environment selection was identified by 71.4% of students
in the In-Person Group (44.6% concerned; 26.8% not
concerned), 51.3% of students in the Hybrid Group
(41.5% concerned; 9.8% not concerned), and 45.1% of
students in the Online Group (38.9% concerned; 6.2% not
concerned). Learning environment preference and
logistical factors also impacted students’ selections. Not
unexpectedly, a higher percentage of students who
selected to resume in-person learning identified more
benefits of this learning environment compared to students
in the Hybrid and Online Groups. Specifically, 51.8% of
students in the In-Person Group reported a preference in-
person learning versus online learning.

Within the In-Person Group, 82.1% of students missed
the in-person learning environment that was not permitted
during the COVID-19 pandemic and 53.6% reported
missing the social aspects of in-person learning.
Additionally, 50.0% of In-Person Group students reported
that it was easier to concentrate and 33.9% found it easier
to ask questions or communicate with the instructor in
person versus during online learning. Associated online
learning 50.0% reported finding it easier to concentrate in
an in-person learning environment. Interestingly, concerns
about technical difficulties experienced during online
learning was identified by only 19.6% of students in the
In-Person Group and by an even lower percentage of
students in the Hybrid and Online Groups (12.2% and
4.4%, respectively). Not unexpectedly, the percentage of
students within the Hybrid and Online Groups that
identified a preference for the in-person learning
environment over an online learning environment were
lower compared to the In-Person Group (51.8%), wherein
the Hybrid Group students reported an intermediate
percentage (24.4%), and the Online Group reported the
lowest percentage (18.6%). All other students reported no
specific preference for in-person lectures. Logistical
factors played a lesser role in influencing students’
selection of their learning environment/lecture format.
Specifically, commuting to campus for lectures and the
influence of other classes students were enrolled in also
being held in-person was similar across lecture format
groups. Thus, during the COVID-19 pandemic there were
diverse factors that were considered in the decision to
return to in-person/onsite learning or to remain in online
learning, as this perspective has been reported elsewhere
[59]. Furthermore, an understanding of the challenges
students experience during online learning that inform
their choice of learning environment was not assessed
herein, which is a limitation, particularly since technology
challenges and discomfort being viewed on camera in an
online learning environment has been reported during the
pandemic [51]. Collectively, this data provides insight into
the reasons why students in this study self-selected a
particular lecture format/learning environment, which may
be relevant post-pandemic as instructors make decisions
regarding the continuation of online learning now that in-
person learning has resumed.

3.2. Association Between Students’ Self-
Selected Lecture Format/Learning
Environment and Final Grade, Learning
Approach and Perceived Stress Levels

Final course grades did not differ between the three
lecture format groups (Figure 2A). Grades are the most
common determinant of student success across course
delivery modes [60,61,62] and previous studies have
shown no difference in academic performance between
online and traditional in-person lecture formats [63,64,65].
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Learning approach scores are divided into surface and
deep scores, that reflect students’ engagement, and their
underlying motives and strategies employed during the
learning process [53]. Therefore, students that utilize a
deep learning approach are typically highly engaged,
motivated and interested in the topic of study, seek a
deeper understanding of course content leading to higher
comprehension and integration of concepts and exhibit
greater self-regulation in learning [53,54]. Conversely,
students that utilize surface learning approaches tend to
have minimal engagement in learning, limited knowledge
application  capabilities, and rely on repetitive
memorization techniques [53,55]. Students’ learning
approach scores, both deep (Figure 2B) and surface
(Figure 2C) learning approaches, did not change over time
(i.e., between Survey 1 and Survey 2, P>0.05) and there
were no statistically significant differences between
lecture format groups in students learning approach scores
at either the start (Survey 1) or end (Survey 2) of the
semester (P>0.05). This indicated that students’ favoring
either deep or surface learning approaches exhibited no
preference for a particular lecture format/learning
environment. When students are actively involved in the
learning process, reflective of a deep learning approach,
they are more successful academically and will retain
more information [66]. However, in the current study
correlative analyses determined that there was no
association between deep learning approach score and
final grade in the course in any of the three lecture format
groups (In-Person: r = -0.17, P = 0.21; Hybrid: r =-0.02, P
= 0.92; Online: r = 0.11, P = 0.28). Similarly, there was
also no association between surface learning approach
score and final grade in any of the three lecture format
groups (In-Person: r = -0.02, P = 0.93; Hybrid: r = 0.08, P
= 0.62; Online: r = 0.02, P = 0.87).

This is in alignment with previous research
demonstrating that students with established academic
behaviours or study habits that result in a desired level of
academic success will continue to employ the same
approaches regardless of the course delivery mode [67].
Previous studies conducted during COVID-19 pandemic-
associated online learning have shown that higher deep
learning approach scores are positively associated with
academic performance (i.e., final grades) [58], perceived
capabilities in scientific literacy [41,68], and core
employability skills including problem solving, oral
communication, leadership, and organization/time
management [69]. Conversely, higher surface learning
approach scores have been shown to be negatively
associated with final grades [68], scientific literacy
capabilities [41,68], organization/time management skills
[69]. Learning approach scores can also be interpreted to
reflect engagement in learning [53] and assessments of
students’ attitudes toward learning while in an online
learning environment have shown that students with
higher surface learning approach scores are less engaged
and experience less enjoyment and more anger and
boredom in learning [68]. While students utilizing a deep
learning approach experience more enjoyment and less
anxiety, anger and boredom in learning [68]. When
students are actively involved in the learning process,
reflective of a deep learning approach, they are more
successful academically and retain more information [66].

The online learning environment can support a deep
learning approach [70], however, there are conflicting
findings regarding learning approach scores in online
learning with some outcomes showing a reduction in deep
learning approach scores [58,71,72] wversus those
demonstrating that most students adopted a deep approach
in an online learning environment [73]. Since students in
the current study were able to select their preferred
learning environment/lecture format, it is expected that
their engagement and learning approaches did not differ.
What is unknown is how their learning approach may
change between courses that are offered in different
lecture formats where choice of preferred learning
environment was not permitted. Importantly, the learning
approach scores reported herein reflect the typical learning
approach scores associated with online learning assessed
during the COVID-19 pandemic [41,58,68].

Elevated levels of stress and anxiety have been
reported during COVID-19-associated online learning
[5,6,7,8,9] [11] [50,74]. Perceived stress levels, including
academic and non-academic sources of stress, were not
different between lecture formats as the start or end of the
semester (Figure 3A). The level of stress observed at both
the start and end of the semester on the perceived stress
scale is not indicative of elevated perceived stress levels
[56]. Interestingly, the association between students’
perceived stress levels and their final grade in the course
was dependent upon the lecture format. Specifically, there
was an inverse statistically significant association between
final grade and perceived stress levels in the Online Group
(r=-0.41, P = 0.02; Figure 3B) and In-Person Group (r = -
0.19, P = 0.05; Figure 3C); whereas in the Hybrid Group
there was no statistically significant association between
final grade and perceived stress levels (r = 0.03, P = 0.85;
Figure 3D). This indicates that students in the Online and
In-Person Groups who were experiencing higher stress
levels achieved lower final grades in the course, whereas
this association did not exist in the Hybrid Group. It is
possible that the flexibility permitted in a hybrid
learning environment allowed students to better manage
their stress levels by embracing the benefits of engaging
with a course in a hybrid learning environment, although
further study is required.

3.3. Association Between Students’ Self-
Selected Lecture Format/Learning
Environment and Academic Stress
Frequency and Intensity

Despite no statistically significant difference in overall
perceived stress levels (from all sources, Figure 3A), 64%
of In-Person students, 76% Hybrid students, and 69%
Online students identified academic stress as the greatest
source of stress experienced. The proportion of students
identifying academic stress as their main source of stress
experienced did not differ between lecture format/learning
environment groups (P=0.54). Therefore, since students
were able to select their preferred learning environment,
there was no lecture format/learning environment where
students experienced higher academic stress, thereby
highlighting the importance of students being able to
choose their optimal learning environment.
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The distribution of students self-reported academic
stress frequency and intensity is shown in Figure 4.
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Figure 3. Changes in students’ perceived stress (A) and correlations
(Pearson correlation coefficient (r) and P-values) between perceived
stress score and final grade in the Online Group (B), In-Person Group (C)
and Hybrid Group (D). Data Figure 3A are presented as mean values +
SEM and were analyzed by two-way ANOVA (main effects: lecture
format group and time) followed by Tukey’s range test.

Overall, there was no difference between lecture
formats in students’ frequency (P=0.36) or intensity
(P=0.52) of experiencing academic stress. Both the Online
and In-Person Groups had the higher percentage of
students experiencing academic stress at a frequency of 1-
3 days/week (42.9% and 37.8%, respectively). In contrast,
the highest percentage of students in the Hybrid Group
(43.9%) reported experiencing an academic stress at a
frequency of 7 days/week. The intensity of students’ self-
reported academic stress experience was similar between
learning environment groups, wherein the intensity of
academic stress was identified as extremely stressful by
the majority of students (ranging from 61.9% - 68.3%
across the three lecture format groups). Experiencing
academic stress is not avoidable in higher education,
particularly the stress associated with transitioning from
in-person to an online learning environment during the
COVID-19 pandemic [5-9] [11,18] [41,50] [74]. The data
from
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Figure 4. Distribution of students’ experience of academic stress
frequency and academic stress intensity. Academic stress frequency was
self-reported as the number of days experienced per week. Academic
stress intensity was self-reported as the level of intensity on a 4-point
Likert scale ranging from not stressful to extremely stressful. Bars
represent the number of students within each lecture format/learning
environment experiencing each category of academic stress frequency
and intensity. In-Person Group (black bars), Hybrid Group (grey bars)
and Online Group (white bars).
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The data from the current study highlights that the
academic stress experience is not exacerbated by the
learning environment/lecture format when students are
provided the opportunity to select which learning
environment is optimal for their needs, which is of
importance as learning environments have returned to
traditional face-to-face in-person learning.

3.4. Students’ Perceptions of Academic Stress
and Other Challenges Associated with an
Online Learning Environment

Students’ perceptions of academic stress associated
with online learning are shown are Table 2, which may
have influenced their individual decisions when selecting
which lecture format/learning environment to engage in
during weeks 5-12 of the course.

Table 2. Students’ Perceptions of Stress Experienced in an Online
Learning Environment*

ii) meeting workload demands/expectations, and iii)
challenges with time management (P<0.05). This data
provides insight into some of the underlying reasons why
students experience stress in an online learning
environment [5-9] [11,18] [50,58] [74] and why some
students would prefer to return to in-person lectures when
first given the opportunity.

Table 3. Perceptions and Challenges in Online Learning*

Compared to an in-person In- . . pP-
learning environment... person Hybrid | Online Value
The online learning
environment is more 2601013 %)%af 1(5%665 <0.001
stressful ) ) )
| experience more stress
associated with organizing 4.65 + 431+ 383+ 0.050
and maintaining a schedule 0.23° 0.36%® 0.21° :
in online learning
| experience more stress
associated with meeting
academic workload 40'3185? %2365 30'61341,1 0.009
demands/expectations in ' ' '
online learning
| experience more stress
resulting from time 4,59 + 4.00 £ 375+ 0.02
management challenges in 0.22° 0.31® 0.18° :
online learning
Having recorded lectures to
refer to later helps me 60'416 4;5 %%E;;f 60'8083;; 0.010
manages academic stress ) ) '

Compared to an in-person In- . .
learning environment... person Hybrid Online | P-Value
I find that | need more
help and clarification in 465197;; 460274;; 360154;5 <0.001
online learning. ) ) )
| find myself more
distracted in online 5(571483 5612053 368107;5 <0.001
learning. ) ) )
| cannot interact as much
as | need to with the 4.88 + 410+ 332+ <0.001
professor in online 0.17% 0.21° 0.16° ’
learning.
| find there are fewer
interruptions from other 414 + 451+ 5.05+ 0.002
students in online 0.20° 0.25® 0.15% :
learning.
| feel that | have more
. . . 524 598 + 6.26 +
mdeper:gspnciién online 0.15° 0.15° 0.09° <0.001
| feel it is difficult to ask
questions and |
understand course 4(5410561 4(5317061 4(50038"1 0.014
concepts less in online ' ) '
learning.
| find organizing a
schedule for attending 3.76 £ 459 £ 531+ <0001
lectures or studyingtobe | 0.23° 0.28% 0.17% :
easier in online learning.
I_flnd time management 482+ 410+ 382+
is more challenging in 023 030% 020 0.01
online learning. ' ' )
| find online learning to
- 338+ 400+ 463+
be a better learning b pry N <0.001
environment overall. 0.17 0.19 0.14

"Values presented are mean values = SEM. Analysis was conducted
using one-way ANOVA followed by Kruskal-Wallis test. For each
question, values not sharing a lower-case letter differ (P<0.05).
Responses to each statement were provided on a Likert scale (1 to 7,
wherein 1 represented the lowest level of agreement and 7 represented
the highest level of agreement). Responses were collected at the end of
the academic semester (i.e., Survey 2).

Relative to the students in the Online Group, students in
the In-Person Group reported experiencing significantly
higher academic stress while in the online learning
environment compared to in-person learning (P<0.05),
whereas the Hybrid Group did not differ from either the
In-Person or Online Groups. Similarly, significantly
higher academic stress was experienced in an online
learning environment by students in the In-Person Group
(i.e., those who chose to return to in-person
lectures/learning) compared to students in the Online
Group (i.e., those who chose to remain in an online
learning environment), whereas outcomes in the Hybrid
Group remained intermediated between the In-Person and
Online Groups as shown in Table 2. Specifically, students
in the In-Person Group reported experiencing significantly
higher academic stress associated with online learning
compared to the Online Group with respect to i)
organizing and maintaining a schedule in online learning,

Data are presented as mean values + SEM and were analyzed by one-
way ANOVA followed by Kruskal-Wallis test. For each question, values
not sharing a lower-case letter differ (P<0.05). Responses to each
statement were provided on a Likert scale (1 to 7, wherein 1 represented
the lowest level of agreement and 7 represented the highest level of
agreement). Responses were collected at the end of the academic
semester (i.e., Survey 2).

Some of the difficulties experienced in online learning
can significantly increase students stress and anxiety
levels [75], which was further investigated. First, an
approach to alleviate students’ academic stress levels can
be to provide recorded lectures regardless of the learning
environment. Prior to the shift to online learning due to
COVID-19, students found lecture recordings to be
valuable for the purpose of reviewing content [76-78] and
learning at their own pace to optimize time spent studying
[79-84]. In the current study, the percentage of students
who reported accessing lecture recordings throughout the
semester to support their studying of course content after
the initial lecture was provided (either in-person or online)
was similar in all lecture formats (68.5% of In-Person
students, 71.9% of Hybrid students and 69.8% of Online
students). It has been suggested that lecture recordings can
be used as a tool to allow flexibility in studying
[80,81,85,86] and support self-directed learning [83,87],
which can enable students to practice more efficient
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learning strategies [88,89]. Further, there was a high level
of agreement in all lecture format/learning environment
groups that having recorded lectures to refer to helped
students manage their academic stress (Table 2), with the
highest level of agreement apparent in the Online Group.
Previously students have reported that better stress
management is a benefit of recorded lectures [80,84,90].
For example, lecture recordings were found to be
particularly useful to students when missing a class
[82,91]. Taken together, the use of lecture recordings can
increase students’ knowledge acquisition, in part, because
of the ability to revisit lecture topics as needed [80,81,90]
and improve overall academic performance [91,92,93].
Continuation of lecture recording to facilitate learning in
higher education post-pandemic may represent a benefit
emerging from the adaptation of in-person courses to an
online format during the COVID-19 pandemic. Further
studies are required to assess if instructors are continuing
this educational practice or reverting back to not recording
classes upon the return to traditional in-person learning.
Students” overall perceptions of online learning
compared to the traditional in-person learning are
presented in Table 3. Students in the In-Person Group
experienced greater challenges associated with online
learning including i) the need for more help and
clarification, ii) feeling more distracted, iii) difficulty
interacting with the professor as much as they required, iv)
more interruptions, vi) less independence, vi) more
difficulty asking questions and understanding course
concepts, vii) more difficulty organizing a schedule, and
viii) more challenges with time management (P<0.05).
Consequently, these students opted to return to in-
person learning once it was available. By incorporating
flexible components (due dates, choice of assignments,
different ways to participate) into the learning
environment, instructors can help students adapt to the
challenges of online learning, which have been shown to
be beneficial during the onset of the pandemic
[23,46,94,95]. Conversely, students in the Online Group
had more positive perceptions of a learning environment
and significantly differed from the In-Person Group by
finding online learning associated with i) needing less help
and clarification, ii) feeling less distracted, iii) less
difficulty interacting with the professor as much as needed,
iv) fewer interruptions, vi) more independence, vi) less
difficulty asking questions and understanding course
concepts, vii) less difficulty organizing a schedule, and
viii) experienced fewer challenges with time management
(P<0.05). Other advantages of online learning include
reducing commute and transportation costs [96,97],
increasing learning accessibility [1], schedule and learning
flexibility, the ability for students to learn at a self-
directed pace to optimize knowledge acquisition [23,46],
and reducing academic-related anxiety and stress [24,25].
Therefore, as expected, students in the Online Group had a
significantly more positive overall assessment of an online
learning environment compared to students in the In-
Person Group (P<0.05). An explanation for these results
could be that students in the Online Group learning-
associated attributes and preferences are better adapted for
online learning, whereas students in the In-Person and
Hybrid Groups were more aligned with a traditional
learning environment/lecture format, or a blending of

these learning environments, respectively. Furthermore,
students that chose to remain in the online learning
environment may also be more familiar with the tools
necessary for online learning, and hence, are better suited
for this type of learning environment. For example,
computer science students reported similar or reduced
stress levels during pandemic-associated online learning
[98]. Consequently, online learning can promote the
development of technological skills and learning methods
[89], which can prepare students to better adapt to
dynamic learning environments [99] and improve student
achievement [100]. Thus, there are benefits associated
with online learning that could still be retained, in part,
through the adoption of hybrid learning that blends both
in-person and online learning environments.  Further,
permitting students to engage with their courses in the
manner that is optimal for their learning may foster better
academic outcomes.

The perceptions of online learning in the Hybrid Group,
who attended some lectures in-person and some lectures
online during weeks 5-12 of the semester, shared many
online learning perceptions as the In-Person Group
including needing more help and clarification,
experiencing more distractions and interruptions, having
difficulty asking questions, understanding concepts, time
management and organizing a schedule (P<0.05).
Interestingly, the Hybrid Group perceptions of online
learning differed from the In-Person Group with respect to
having an adequate ability to interact with the professor in
online learning and having more independence in this
learning environment (P<0.05). Not unexpectedly,
students in the Online Group identified online learning to
be a better overall learning environment, which was
significantly different from the lower perceptions of
online learning identified in the In-Person Group (P<0.05).
By combining the benefits of traditional in-person
learning and online learning [23], hybrid teaching models
can create a more flexible and engaging learning
experience [101,102]. Compared to in-person learning, the
performance of students in an online or hybrid [103]
format have been shown to remain the same or improve
both before [104-106] and after the pandemic [107,108].
Students have heterogeneous learning styles that align
with different learning methods, and having flexibility
within the learning environment (e.g., incorporating a
hybrid approach or recording lectures) can provide
equitable educational opportunities to optimally support
academic success and achievement [109,110].

3.5. Students’ Perceptions of Online Learning
Groups Differ Based on their Preferred
Lecture Format/Learning Environment

Online learning groups were utilized in the current
study to help foster a sense of community in the course
and connect students together while learning. Previous
research has shown that students’ anxiety was reduced
when participating in group discussions in an online
environment (versus larger in-person student group
discussion) [23,46]. Online peer discussions amongst
students in online learning groups have been demonstrated
to improve scientific literacy skills [41], critical thinking
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skills, and encourage a deep learning approach [52].
Further, higher engagement with online learning groups
that utilize discussion board activities, similar to the
current study, has been shown to be positively correlated
with higher final grades and learning enjoyment [68].
Conversely, lower engagement with online learning
groups was shown to be inversely correlated with surface
learning approach and experiencing anger and boredom
associated with learning [68]. In the current study,
students’ perceptions of the benefits experienced from
engaging with online learning groups differed between
their selected lecture format/learning environment, as
shown in Table 4.

Table 4. Students’ Perceptions of Online Learning Group Activities®

Being in an online learning In- Hybrid Online P-
group... Person Value
Helped me meet new
people with different 4(')4§21 4(')7;91 565§6i 0.43
perspectives from my own. ) ) )
Helped me feel more 465 + 487+ 6.31 +
engaged in the course 0.34° 037" 026" 0.01
content. ) ) '
Improved my
understanding of the 566371;5 568385;5 7642243 0.03
course content. ) ) '
Helped me feel more
connected to other students | 4.93 = 497 % 595+ 061
in the course when we are 0.39 0.39 0.29 '
learning remotely.
Helped me feel a sense of 498 + 590 + 554+
community within the 036 035 097 0.63
course.
Stimulated me to think 511+ 5.86 + 6.87 + 0.05
about new ideas. 0.30° 0.34° 0.25° )
Was a positive experience 6.10 + 6.71 + 8.05+ 0.02
overall. 0.38" 0.34° 0.22° }

'Data are presented as mean values + SEM and were analyzed by one-
way ANOVA followed by Kruskal-Wallis test. Values not sharing a
lower-case letter differ (P<0.05). Responses to each question were
provided on a Likert scale (1 to 10, wherein 1 represented the lowest
level of agreement and 10 represented the highest level of agreement).
Responses were collected at the end of the academic semester (i.e.,
Survey 2).

Overall, students expressed agreement that the
experience of being in an online learning group was
positive (78% of the In-Person Group, 87% of the Hybrid
Group and 89% of the Online Group), however, students
in the Online Group identified that the experience of being
in an online learning group to be a significantly more
positive compared to students in the In-Person and Hybrid
Groups (P<0.05; Table 4). Furthermore, students in the
Online Group also reported that online learning groups i)
promoted feelings of being more engaged in the course
content, ii) improved their understanding of the course
content, and iii) stimulated thinking about new ideas
(P<0.05; Table 4) to a greater degree than students in the
In-Person and Hybrid Groups. These outcomes support
the findings that online learning groups can improve
student  achievement [24,68,111] by increasing
engagement  [25,34,101,112,113].  Although online
learning groups were intended to support student-student
connections, there were no statistically significant
differences between lecture format groups in their
perceptions of online learning groups helping students
meet new people with different perspectives, feeling
connected to other students while working remotely, or

feeling a sense of community within the course (P>0.05;
Table 4). The utility of online learning groups is based on
students’ engagement and perception of the benefits
associated with online learning groups [114,115],
therefore, student buy-in is required to maximize the
effectiveness of this teaching and learning strategy. The
findings from the current study suggest that these benefits
of online learning groups may be perceived as more
valuable when students were exclusively in an online
learning environment compared to when they are
implemented during traditional in-person learning.

The shift to online learning during the COVID-19
pandemic was associated with many challenges for both
students and instructors, including technology limitations
and internet connectivity, inexperience with the
technology required for online learning, time management,
communication with instructors, additional preparation
time, distractions in a home learning environment [16].
Additionally, multiple studies have reported elevated
levels of stress and anxiety during COVID-19-associated
online learning [5-9] [11,18] [50,51] [74]. However, some
students reported benefits associated with online learning,
such as flexibility in lecture schedules and the review of
recorded lectures, time management, reduced financial
costs, ease of communication, greater engagement and
comprehension [16]. Based on these reported limitations
and benefits, some students are better suited for and/or
prefer an online learning environment, whereas others
may prefer in-person learning. This suggests that success
in higher education may be influenced by the learning
environment and offering courses with flexible formats
(i.e., hybrid formats) or providing access to online lecture
recordings in in-person lecture formats that may better
support student learning preferences and success. In the
current study, when students were provided the
opportunity to self-select their preferred learning
environment the majority of students (73.3%) selected
either an exclusively online or hybrid learning
environment. The similar outcomes across learning
environments/lecture formats with respect to overall
academic performance, perceived stress, and learning
approach reflects a positive impact of students engaging in
the course within their preferred learning environment
format, wherein differences in these outcomes would be
anticipated to be exacerbated if students were required to
engage in a lecture format that did not align with their
optimal learning environment preference. The results from
the current study indicate that flexible course designs that
provide students with choice in how to best engage in
higher education may alleviate student stress and better
support academic achievement. The results in the current
study were assessed within the context of a traditional
lecture format science course and students’ ability to self-
select their learning environment may provide different
outcomes in other disciplines or in seminar or laboratory-
based course formats. Therefore, further study is required
and the results from this study may not be broadly
extrapolated to all course formats. Another limitation of
this study is that it was conducted during the COVID-19
pandemic, and although it is important to assess the
effectiveness of pandemic-associated teaching and
learning approaches the findings may differ if this study
was repeated post-pandemic (i.e., students could choose
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their preferred learning environment) or if students were
randomly assigned to a learning environment versus being
given the autonomy to choose their preferred learning
environment/lecture format. Therefore, it will be
important to re-assess the outcomes of the current study in
a post-pandemic setting where students are permitted to
select their preferred learning environment when in-person,
online and hybrid course options are concurrently
available. Overall, the results from this study provide
evidence that including flexible course delivery options
and broadening the teaching and learning approaches to
include online, hybrid, and/or in-person formats may
allow students to experience the benefits of a balance
between face-to-face learning and the flexibility of remote
learning and should be considered as a means to increase
accessibility and inclusion in higher education.

ACKNOWLEDGEMENTS

We acknowledge the contribution of Jamie L.A. Martin
with data coding.

Statement of Competing Interests

The authors have no conflicts of interest to disclose.

List of Abbreviations

RSPQ2F, revised study process questionnaire; PSS,
perceived stress scale.

References

[1] Ali, W, “Online and Remote Learning in Higher Education
Institutes: A Necessity in light of COVID-19 Pandemic,” HES,
10(3). 1-16. 2020.

[2] Cranfield, D.J., Tick, A., Venter, I.M., Blignaut, R.J., and Renaud
K., “Higher Education Students’ Perceptions of Online Learning
during COVID-19—A Comparative Study,” Education Sciences,
11(8). Aug.2021.

[3] Zzapata-Cuervo, N., Montes-Guerra, M.1., Shin, H.H., Jeong, M,
and Cho, M.H., “Students’ Psychological Perceptions Toward
Online Learning Engagement and Outcomes during the COVID-
19 Pandemic: A Comparative Analysis of Students in Three
Different Countries,” Journal of Hospitality & Tourism Education,
35(2). 108-122. April.2021.

[4] Rogowska, A.M., Kusnierz, C., and Bokszczanin, A., “Examining
Anxiety, Life Satisfaction, General Health, Stress and Coping
Styles During COVID-19 Pandemic in Polish Sample of
University Students,” PRBM, 13. 797-811. Sep.2020.

[5] Aslan, L, Ochnik, D., and Cmar, O., “Exploring Perceived Stress
among Students in Turkey during the COVID-19 Pandemic,”
IJERPH. 17(23). Dec.2020.

[6] Fitzgerald, A., and Konrad, S., “Transition in learning during
COVID - 19: Student nurse anxiety, stress, and resource support,”
Nursing Forum, 56(2). 298-304.Apr.2021.

[7] Odriozola-Gonzalez, P., Planchuelo-Gémez, A., Irurtia, M.J., and
De Luis-Garcia, R., “Psychological effects of the COVID-19
outbreak and lockdown among students and workers of a Spanish
university,” Psychiatry Research, 290.Aug.2020.

[8] Pennino, E. Ishikawa, C., Ghosh Hajra, S., Singh, N., and
McDonald, K., “Student Anxiety and Engagement with Online
Instruction across Two Semesters of COVID-19 Disruptions,” J
Microbiol Biol Educ, 23(1).Apr.2022.

(9]

[10]

[11]

[12]

=

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

513

Saravanan, C., Mahmoud, 1., Elshami, W., and Taha, M.H.,
“Knowledge, Anxiety, Fear, and Psychological Distress About
COVID-19 Among University Students in the United Arab
Emirates,” Front Psychiatry, 11.0ct.2020.

Son, C., Hegde, S., Smith, A., Wang, X., and Sasangohar, F.,
“Effects of COVID-19 on College Students’ Mental Health in the
United States: Interview Survey Study,” J Med Internet Res,
22(9).Sep.2020.

Wood, C.I, Yu, Z., Sealy, D.A., Moss, |., Zigbuo-Wenzler, E.,
McFadden, C., Landi, D., and Brace, A.M., “Mental health
impacts of the COVID-19 pandemic on college students,” Journal
of American College Health, 72(2). 463-468.Mar.2022.

Biber, D.D., Melton, B., and Czech, D.R., “The impact of
COVID-19 on college anxiety, optimism, gratitude, and course
satisfaction,” Journal of American College Health, 70(7). 1947-
1952.Nov.2020.

Clabaugh, A., Duque, J.F., and Fields, L.J., “Academic Stress and
Emotional Well-Being in United States College Students
Following Onset of the COVID-19 Pandemic,” Front Psychol,
12.March.2021.

Hamza, C.A., Ewing, L., Heath, N.L., and Goldstein, A.L., “When
social isolation is nothing new: A longitudinal study on
psychological distress during COVID-19 among university
students with and without preexisting mental health concerns,”
Canadian Psychology / Psychologie canadienne, 62(1). 20-
30.Feb.2021.

Fruehwirth, J.C., Biswas, S., and Perreira, K.M., “The Covid-19
pandemic and mental health of first-year college students:
Examining the effect of Covid-19 stressors using longitudinal
data,” PLoS ONE, 16(3).Mar.2021.

Abdull Mutalib, A.A., Md. Akim, A, and Jaafar, M.H., “A
systematic review of health sciences students’ online learning
during the COVID-19 pandemic,” BMC Med Educ, 22(1).Jul.2022.
Briggs, M.A., Thornton, C., Mclver, V.J., Rumbold, P.L.S., and
Peart, D.J., “Investigation into the transition to online learning due
to the COVID-19 pandemic, between new and continuing
undergraduate students,” Journal of Hospitality, Leisure, Sport &
Tourism Education, 32.Jun.2023.

Van, K., Beauchamp, D.M., Rachid, H., Mansour, M., Buckley, B.,
Choi, D., Prescod, A., and Monk, J., “Impact of the COVID-19-
induced shift to online dietetics training on PDEP competency
acquisition and mental health,” Canadian Journal of Dietetic
Practice and Research, 83(3).144-146.Sep.2022.

Tosto, S.A., Alyahya, J., Espinoza, V., McCarthy, K., and Tcherni-
Buzzeo, M., “Online learning in the wake of the COVID-19 pandemic:
Mixed methods analysis of student views by demographic group,”
Social Sciences & Humanities Open, 8(1).2023.

Prestiadi, D., Maisyaroh, Arifi, I, Bhayangkara, A.N., “Meta-
Analysis of Online Learning Implementation in Learning
Effectiveness,” in 2020 6th International Conference on
Education and Technology (ICET), IEEE, 109-14.

Mukhtar, K., Javed, K., Arooj, M., and Sethi, A., “Advantages,
Limitations and Recommendations for online learning during
COVID-19 pandemic era: Online learning during COVID-19
pandemic era,” Pak J Med Sci, 36. May.2020.

Ameri, H., Mahami - Oskouei, M., Sharafi, S., Saadatjoo, S., Miri,
M., and Arab - Zozani, M., “Investigating the strengths and
weaknesses of online education during COVID - 19 pandemic
from the perspective of professors and students of medical
universities and proposing solutions: A qualitative study,”
Biochem Molecular Bio Educ, 51(1).94-102.Jan. 2023.

Kumari, S., Gautam, H., Nityadarshini, N., Das, B.K., and
Chaudhry, R., “Online classes versus traditional classes?
Comparison during COVID-19,” Journal of Education and Health
Promotion. 10(1).Jan.2021.

Cardozo, L.T., Azevedo, M.A.R.D., Carvalho, M.S.M., Costa, R.,
De Lima, P.O., Marcondes, F.K., “Effect of an active learning
methodology combined with formative assessments on
performance, test anxiety, and stress of university students,”
Advances in Physiology Education, 44(4).744-51.Dec.2020.
Venton, B.J., and Pompano, R.R., “Strategies for enhancing
remote student engagement through active learning,” Anal Bioanal
Chem, 413(6).1507-1512.Mar. 2021.

Holcomb, L.B., King, F.B., and Brown, S.W., “Student traits and
attributes contributing to success in online courses: Evaluation of
university online courses,” Journal of Interactive Online Learning,
2(3). 1-17.2004.



514

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

American Journal of Educational Research

Dhawan, S., “Online Learning: A Panacea in the Time of COVID-
19 Crisis,” Journal of Educational Technology Systems, 49(1). 5-
22.Sep. 2020.

Alqurashi, E., “Predicting student satisfaction and perceived
learning within online learning environments,” Distance
Education, 40(1).133-148.Jan.2019.

Kauffman, H., “A review of predictive factors of student success
in and satisfaction with online learning,” Research in Learning
Technology, 23.167-184.Aug.2015.

Omar, M.K., Hassan, M., Arsad, N.M., Ismail, N., Jamaluddin, R.,
and Jusoh, R., “Undergraduates Students’ Learning Experience on
the Impact of Online Learning during Pandemic,” JSS, 9(9).167-
184. 2021.

Brindley, J., Blaschke, L.M., and Walti, C., “Creating Effective
Collaborative Learning Groups in an Online Environment,”
IRRODL, 10(3).Jun.2009.

Hadimani, C.P., “Effectiveness of small group discussion sessions
in teaching biochemistry for undergraduate medical students,” SE
Asian Jnl Med Educ, 8(1).Jun.2014.

Xie, K., Hensley, L.C., Law, V., and Sun, Z., “Self - regulation as
a function of perceived leadership and cohesion in small group
online collaborative learning,” Brit J Educational Tech, 50(1).456-
468. Jan.2019.

Hamann, K., Pollock, P.H., and Wilson, B.M., “Assessing Student
Perceptions of the Benefits of Discussions in Small-Group, Large-
Class, and Online Learning Contexts,” College Teaching, 60(2).
65-75. Apr.2012.

Thomas, G., and Thorpe, S., “Enhancing the facilitation of online
groups in higher education: a review of the literature on face-to-
face and online group-facilitation,” Interactive Learning
Environments, 27(1). 62-71.Jan.2019.

Kemp, N., and Grieve, R., “Face-to-face or face-to-screen?
Undergraduates’ opinions and test performance in classroom vs.
online learning,” Front Psychol, 5. Nov. 2014.

Anderson, B., and Simpson, M., “Learning and Affective Support
Online in Small Group and Class Contexts,” IRRODL, 5(3). Nov.
2004.

McCarthy, J., “Enhancing feedback in higher education: Students’
attitudes towards online and in-class formative assessment
feedback models,” Active Learning in Higher Education, 18(2).
127-141. Jul. 2017.

Driscoll, A., Jicha, K., Hunt, A.N., Tichavsky, L., and Thompson,
G., “Can Online Courses Deliver In-class Results?: A Comparison
of Student Performance and Satisfaction in an Online versus a
Face-to-face Introductory Sociology Course,” Teach Sociol,
40(40.312-331. Oct. 2012.

Ng, C.S.L., and Cheung, W.S., “Comparing face to face, tutor led
discussion and online discussion in the classroom,” AJET, 23(4).
Oct. 2007.

Beauchamp, D.M., Newton, G., Monk, J.M., “Adapting Literature
Critigue Engagement Activities for Online Learning Due to
COVID-19: Use of Online Learning Groups to Promote Scientific
Literacy Capabilities in Undergraduate Nutrition Education,”
IJHE, 10(7). Jun. 2021.

Alsoufi, A., Alsuyihili, A., Msherghi, A., Elhadi, A., Atiyah, H.,
Ashini, A., Ashwieb, A., Ghula, M., Ben Hazan, H., Abudabuos,
S., Alameen, H., Abokhdhir, T., Anaiba, M., Nagib T,
Shuwayyah A., Benothman, R., Arrefae, G., Alkhwayildi, A.,
Alhadi, A., Zaid, A., and Elhadi, M., “Impact of the COVID-19
pandemic on medical education: Medical students’ knowledge,
attitudes, and practices regarding electronic learning,” PLoS ONE,
15(11). Nov. 2020.

Anwar, A., Mansoor, H., Faisal, D., and Khan, H.S., “E-Learning
amid the COVID-19 Lockdown: Standpoint of Medical and
Dental Undergraduates,” Pak J Med Sci, 37(1). Dec. 2020.
Elsalem, L., Al-Azzam, N., Jum’ah, A.A., and Obeidat, N.,
“Remote E-exams during Covid-19 pandemic: A cross-sectional
study of students’ preferences and academic dishonesty in
faculties of medical sciences,” Annals of Medicine and Surgery,
62.326-333. Feb. 2021.

Puljak, L., Civljak, M., Haramina, A., Malifa, S., Cavié, D.,
Klinec D., Aranza, D., Mesari¢, J., Skitareli¢, N., Zorani¢, S.,
Majstorovi¢, D., Neuberg, M., Miksi¢, S., and Ivanievi¢, K.,
“Attitudes and concerns of undergraduate university health
sciences students in Croatia regarding complete switch to e-
learning during COVID-19 pandemic: a survey,” BMC Med Educ,
20(1). Dec. 2020.

[46]

[47]

[48]

[49]
[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]
[67]

Baczek, M., Zaganczyk-Baczek, M., Szpringer, M., Jaroszynski,
A., and Wozakowska-Kapton, B., “Students’ perception of online
learning during the COVID-19 pandemic: A survey study of
Polish medical students,” Medicine, 100(7). Feb. 2021.

Watson, C., Templet, T., Leigh, G., Broussard, L., and Gillis, L.,
“Student and faculty perceptions of effectiveness of online
teaching modalities,” Nurse Education Today, 120.Jan. 2023.
Turan, Z., Kucuk, S., and Cilligol Karabey, S., “The university
students’ self-regulated effort, flexibility and satisfaction in distance
education,” Int J Educ Technol High Educ, 19(1). Dec. 2022.

Stolz, S.A., “The practice of phenomenology in educational
research,” Educational Philosophy and Theory, 55(7).822-834. 2022.
Hawley, S.R., Thrivikraman, J.K., Noveck, N., Romain, T.S.,
Ludy M.J., Barnhart L., Chee, W., Cho, M., Chong, M., Chen, D.,
Fenton, J., Hsiao, P., Keaver, L., Lee, H., Shen, W., Lai, C., Tseng,
W., and Tucker, R.M., “Concerns of College Students during the
COVID-19 Pandemic: Thematic Perspectives from the United
States, Asia, and Europe,” JALT, 4(1). Mar. 2021.

Bashir, A., Bashir, S., Rana, K., Lambert, P., and Vernallis, A.,
“Post-COVID-19 Adaptations; the Shifts Towards Online
Learning, Hybrid Course Delivery and the Implications for
Biosciences Courses in the Higher Education Setting,” Front Educ,
6. Aug. 2021.

Afify, M.K., “The Influence of Group Size in the Asynchronous
Online Discussions on the Development of Critical Thinking
Skills, and on Improving Students’ Performance in Online
Discussion Forum,” Int J Emerg Technol Learn, 15(5). Mar. 2019.
Biggs, J., Kember, D., and Leung, D.Y.P., “The revised two -
factor Study Process Questionnaire: R - SPQ - 2F,” Brit J of Edu
Psychol, 71(1). 133-149.Mar. 2001.

Jensen, J.L., McDaniel, M.A., Woodard, S.M., and Kummer, T.A,,
“Teaching to the Test...or Testing to Teach: Exams Requiring
Higher Order Thinking Skills Encourage Greater Conceptual
Understanding,” Educ Psychol Rev, 26(2). 307-329. Jun. 2014.
Teoh, H.C., Abdullah, M.C., Roslan, S., and Mohd Daud, S.,
“Assessing students approaches to learning using a matrix
framework in a Malaysian public university,” SpringerPlus, 3(1).
Dec. 2014.

Cohen, S., Kamarck, T., and Mermelstein, R., “A Global Measure
of Perceived Stress,” Journal of Health and Social Behavior, 24(4).
Dec. 1983.

Aucejo, E.M., French, J., Ugalde Araya, M.P., and Zafar, B.,
“The impact of COVID-19 on student experiences and
expectations: Evidence from a survey,” Journal of Public
Economics, 191. Nov. 2020.

Beauchamp, D.M., and Monk, JM., “Effect of Optional
Assessments on Student Engagement, Learning Approach, Stress,
and Perceptions of Online Learning during COVID-19,” 1JHE,
11(5). May. 2022.

Zhai, X., “Scientific Knowledge in Parents’ Decision-Making
during Pandemic,” SSRN Journal. 2023.

Bernard, R.M., Brauer, A., Abrami, P.C., and Surkes, M., “The
development of a questionnaire for predicting online learning
achievement,” Distance Education, 25(1). 31-47. May. 2004.
Bethune, J., and College, B., “Attendance, grades and learning in
the microeconomic principles class,” Journal of Economics and
Economic Education Research, 11(1). 53-64. 2010.

Li, K., Uvah, J., and Amin, R., “Predicting Students’ Performance
in Elements of Statistics,” US-China Education Review A, 10.
875-884. 2012.

McFarland, D., and Hamilton, D., “Factors Affecting Student
Performance and Satisfaction: Online versus Traditional Course
Delivery,” Journal of Computer Information Systems, 46(2). 25-32.
2005.

Kleinman, J., and Entin, E.B., “Comparison of in-class and
distance-learning students’ performance and attitudes in an
introductory computer science course,” Journal of Computing
Sciences in Colleges, 17(6). 206-219. 2002.

Brittan-Powell, C., Legum, H., and Taylor, E., “The relationship
between student learning style, selection of course delivery format,
and academic performance,” International Journal of Instructional
Technology and Distance Learning, 5(5), 41-46. 2008.

Grabe, M., and Grabe, C., Integrating technology for meaningful
learning (5th ed.), Boston, MA: Houghton Mifflin Co.; 2007.
Burns, K., Duncan, M., Sweeney II, D.C., North, J.W., and
Ellegood, W.A., “A longitudinal comparison of course delivery



[68]

[69]

[70]

[71]

[72]

[73]

[74]

[78]

[76]

[77]

[78]

[79]

(80]

[81]

(82]

(83]

[84]

(85]

(86]

(87]

(88]

American Journal of Educational Research

modes of an introductory information systems course and their
impact on a subsequent information systems course,” MERLOT
Journal of Online Learning and Teaching, 9(4). 453-467. 2013.
Monk, J., Beauchamp, D.M., Holt, R.K\V. and Van, K,
“Effectiveness of literature critique peer discussions to build
scientific literacy skills, engagement and improve learning-related
emotions during COVID-19-associated online learning,”
American Journal of Educational Research, 11(5). 303-315. 2023.
Siby, T., Martin, J., Beauchamp, D., Patil, P., Pollock, H., Vu, J.,
and Monk, J., “Effects of online career training modules on
undergraduate STEM students’ career readiness perceptions,”
American Journal of Educational Research, 11(2). 214-224. 2023.
Aderibigbe, S.A., “Can online discussions facilitate deep learning
for students in General Education?,” Heliyon, 7(3). Mar. 2021.
Svirko, E., and Mellanby, J., “Attitudes to e-learning, learning
style and achievement in learning neuroanatomy by medical
students,” Medical Teacher, 30(9-10).219-227. Jan. 2008.

Jiang, R., “Understanding, Investigating, and promoting deep
learning in language education: A survey on chinese college
students’ deep learning in the online EFL teaching context,” Front
Psychol, 13. Sept. 2022.

Wang, R., Han, J., Liu, C., and Wang, L., “Relationship between
medical students’ perceived instructor role and their approaches to
using online learning technologies in a cloud-based virtual
classroom,” BMC Med Educ, 22(1). Dec. 2022.

Son, C., Hegde, S., Smith, A., Wang, X., and Sasangohar, F.,
“Effects of COVID-19 on College Students’ Mental Health in the
United States: Interview Survey Study,” J Med Internet Res, 22(9).
Sep. 2020.

AlJhani, S., Alateeq, D., Alwabili, A., Alamro, A., “Mental
health and online learning among medical students during the
COVID-19 pandemic: a Saudi national study,” JMHTEP,
17(4).323-334. Jun. 2022.

Maynor, L.M., Barrickman, A.L., Stamatakis, M.K., and Elliott,
D.P., “Student and Faculty Perceptions of Lecture Recording in a
Doctor of Pharmacy Curriculum,” American Journal of
Pharmaceutical Education, 77(8). Oct. 2013.

Kinash, S., Knight, D., and McLean, M., “Does digital scholarship
through online lectures affect student learning?,” Educational
Technology & Society. 18(2). 129-139. 2015.

Van Zanten, R., Somogyi, S., and Curro, G., “Purpose and
preference in educational podcasting,” Brit J Educational Tech,
43(1). 130-138.Jan. 2012.

Tarr, J., Farrington, S., Pittaway, J., Bird, M.L., Hoffman, K.,
Douglas, T., Beh, L., “Challenges for this place or any place:
Student preferences for lecture ‘places’ in a blended learning
environment,” in 38th HERDSA Annual International Conference,
Higher Education Research and Development Society of
Australasia, p. 446-58.

Lokuge Dona, K., Gregory, J., and Pechenkina, E., “Lecture-
recording technology in higher education: Exploring lecturer and
student views across the discipline,” AJET. Aug. 2017.

Cardall, S., Krupat, E., and Ulrich, M., “Live Lecture Versus
Video-Recorded Lecture: Are Students Voting With Their Feet?,”
Academic Medicine, 83(12). 1174-1178. Dec. 2008.

Topale, L., “The strategic use of lecture recordings to facilitate an
active and self-directed learning approach,” BMC Med Educ,
16(1). Dec. 2016.

Ruiz, J.G., Mintzer, M.J., and Leipzig, R.M., “The Impact of E-
Learning in Medical Education,” Academic Medicine, 81(3). 207-
212. Mar. 2006.

Voelkel, S., Bates, A., Gleave, T., Larsen, C., Stollar, E.J., Wattret,
G., Mello, L\V., “Lecture capture affects student learning
behaviour,” FEBS Open Bio, 13(2). 217-232. Feb. 2023.

Franklin, D.S., Gibson, J.W., Samuel, J.C., Teeter, W.A., and
Clarkson, C.W., “Use of Lecture Recordings in Medical
Education,” MedSciEduc, 21(1). 21-28. Mar. 2011.

Schwarz, G., Bleiner, D., Giinther, D., “On video lectures during
remote teaching and beyond,” Anal Bioanal Chem, 414(11), 3301-
3309. May. 2022.

Gupta, A., and Saks, N.S., “Exploring medical student decisions
regarding attending live lectures and using recorded lectures,”
Medical Teacher, 35(9). 767-771. Sep. 2013.

Palmer, S., Chu, Y., Persky, A.M., “Comparison of Rewatching
Class Recordings versus Retrieval Practice as Post-Lecture
Learning Strategies,” American Journal of Pharmaceutical
Education, 83(9). Nov. 2019.

(89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

515

Xia, Y., Hu, Y., Wu, C,, Yang, L., and Lei, M., “Challenges of
online learning amid the COVID-19: College students’
perspective,” Front Psychol, 13. Dec. 2022.

Pilarski, P.P., Alan Johnstone, D., Pettepher, C.C., and Osheroff,
N., “From music to macromolecules: Using rich media/podcast
lecture recordings to enhance the preclinical educational
experience,” Medical Teacher, 30(6). 630-632.Jan. 2008.
Traphagan, T., Kucsera, J.V., and Kishi, K., “Impact of class
lecture webcasting on attendance and learning,” Education Tech
Research Dev, 58(1). 19-37. Feb. 2010.

Shaw, G.P., and Molnar, D., “Non - native english language
speakers benefit most from the use of lecture capture in medical
school,” Biochem Molecular Bio Educ, 39(6). 416-420. Nov. 2011.
Danielson, J., Preast, V., Bender, H., and Hassall, L., “Is the
effectiveness of lecture capture related to teaching approach or
content type?” Computers & Education, 72. 121-131. Mar. 2014.
Gelles, L.A., Lord, S.M., Hoople, G.D., Chen, D.A., and Mejia,
J.A., “Compassionate Flexibility and Self-Discipline: Student
Adaptation to Emergency Remote Teaching in an Integrated
Engineering Energy Course during COVID-19,” Education
Sciences, 10(11). Oct. 2020.

Al-Balas, M., Al-Balas, H.l., Jaber, H.M., Obeidat, K., Al-Balas,
H., Aborajooh, E.A., Al-Taher, R., and Al-Balas, B., “Distance
learning in clinical medical education amid COVID-19 pandemic
in Jordan: current situation, challenges, and perspectives,” BMC
Med Educ, 20(1). Dec. 2020.

Stain, S.C., Mitchell, M., Belue, R., Mosley, V., Wherry, S.,
Adams C.zZ,, Lomis, K. and Willaims, P.C., “Objective
assessment of video conferenced lectures in a surgical clerkship,”
The American Journal of Surgery, 189(1). 81-84. Jan. 2005.
Amesse, L.S., Callendar, E., Pfaff-Amesse, T., Duke, J., and
Herbert, W.N.P., “Evaluation of Computer-aided Strategies for
Teaching Medical Students Prenatal Ultrasound Diagnostic Skills,”
Medical Education Online, 13(1). Dec. 2008.

Lewis, M., Deng, Z., Krause-Levy, S., Salguero, A., Griswold,
W.G., Porter, L., and Alvarado, C., “Exploring Student
Experiences in Early Computing Courses during Emergency
Remote Teaching,” in 26th ACM Conference on Innovation and
Technology in Computer Science Education, ACM, 88-94.

Li, Z., Lou, X., Chen, M., Li, S., Lv, C, Song, S., and Li, L.,
“Students’ online learning adaptability and their continuous usage
intention across different disciplines,” Humanit Soc Sci Commun,
10(1). Nov. 2023.

[100] Al-Hariri, M.T., and Al-Hattami, A.A., “Impact of students’ use of

technology on their learning achievements in physiology courses
at the University of Dammam,” Journal of Taibah University
Medical Sciences, 12(1). 82-85. Feh. 2017.

[101] Raes, A., Detienne, L., Windey, 1., and Depaepe, F., “A systematic

literature review on synchronous hybrid learning: gaps identified,”
Learning Environ Res, 23(3). 269-290. Oct. 2020.

[102] Kay, D., and Pasarica, M., “Using technology to increase student

(and faculty satisfaction with) engagement in medical education,”
Advances in Physiology Education, 43(3). 408-413. Sep. 2019.

[103] Lancaster, J.W., Wong, A., and Roberts, S.J., “‘Tech’ versus

“Talk’: A comparison study of two different lecture styles within a
Master of Science nurse practitioner course,” Nurse Education
Today, 32(5). Jul. 2012.

[104] Pei, L., and Wu, H., “Does online learning work better than offline

learning in undergraduate medical education? A systematic review
and meta-analysis,” Medical Education Online, 24(1). Jan. 2019.

[105] Bello, G., Pennisi, M.A., Maviglia, R., Maggiore, S.M., Bocci,

M.G., Montini, L., Antonelli, M., “Online vs live methods for
teaching difficult airway management to anesthesiology residents,”
Intensive Care Med, 31(4). 547-52. Apr. 2005.

[106] Zheng, M., Bender, D., Reid, L., and Milani, J., “An Interactive

Online Approach to Teaching Evidence - Based Dentistry with
Web 2.0 Technology,” Journal of Dental Education, 81(8). 995-
1003. Aug. 2017.

[107] Zheng, M., Bender, D., and Lyon, C., “Online learning during

COVID-19 produced equivalent or better student course
performance as compared with pre-pandemic: empirical evidence
from a school-wide comparative study,” BMC Med Educ, 21(1).
Dec. 2021.

[108] Mastour, H., Emadzadeh, A., Hamidi Haji Abadi, O., and

Niroumand, S., “Are students performing the same in E-learning
and In-person education? An introspective look at learning



516 American Journal of Educational Research

environments from an Iranian medical school standpoint,” BMC
Med Educ, 23(1). Apr. 2023.

[109] Soffer, T., Kahan, T., and Nachmias, R., “Patterns of Students’
Utilization of Flexibility in Online Academic Courses and Their
Relation to Course Achievement,” IRRODL, 20(3). Mar. 2019.

[110] Gillis, A., and Krull, L.M., “COVID-19 Remote Learning Transition
in Spring 2020: Class Structures, Student Perceptions, and Inequality
in College Courses,” Teach Sociol, 48(4).283-299. Oct. 2020.

[111] Alshamrani, K.M., Ghulam, E.M., Alattas, M., Aljaddani, H.,
Alhakami, M., Al Nufaiei, Z.F., Althagafy, M.S., “Transition to
remote/hybrid learning during the COVID-19 pandemic among
Saudi students of the College of Applied Medical Sciences: a
cross-sectional study,” Front Med, 10. Aug. 2023.

[112] Pickering, J.D., and Swinnerton, B.J., “Exploring the Dimensions
of Medical Student Engagement with Technology - Enhanced

Learning Resources and Assessing the Impact on Assessment
Outcomes,” Anatomical Sciences Ed, 12(2). 117-128. Mar. 2019.

[113] Volet, S., Seghezzi, C., and Ritchie, S., “Positive emotions in
student-led collaborative science activities: relating types and
sources of emotions to engagement in learning,” Studies in Higher
Education, 44(10). 1734-1746. Oct. 2019.

[114] Kahu, E.R., and Nelson, K., “Student engagement in the
educational interface: understanding the mechanisms of student
success,” Higher Education Research & Development, 37(1). 58-
71. Jan. 2018.

[115] Subedi, N., Hirachan, N., Paudel, S., Shrestha, B., Pradhan, A.,
Subedee, A., and Li, X., “The effectiveness of online team-based
learning in introduction to medical ethics education for medical
students at a medical college of Nepal: a pilot study,” BMC Med
Educ, 22(1). Nov. 2022.

@ @ © The Author(s) 2024. This article is an open access article distributed under the terms and conditions of the Creative Commons
T Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



