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Synopsis

We describe students’ learning practices in an online asynchronous PreCalculus
course during Fall 2020, the first complete semester of distance learning induced
by the COVID-19 pandemic. Results were compiled using a thematic analysis
of a questionnaire administered to 43 students enrolled in PreCalculus at a uni-
versity in the Midwest (United States). Students were given opportunities for
active learning and various synchronous Q&A sessions, yet they primarily learned
through watching videos and reading worked examples, minimizing interactions
with the instructor and available tutors. The questionnaire results show that
students knew active learning was helpful, but they were unable to curtail unpro-
ductive learning practices. The questionnaire also showed that students struggled
to stay motivated and keep to a schedule. We conclude that by developing their
study techniques and self-regulatory habits, students will be able to take more
control over their learning, particularly in asynchronous classes.

Keywords: asynchronous teaching, online teaching, self-directed learning, active
learning, COVID-19
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1. Introduction

1.1. COVID-19

During the Spring 2020 semester, many universities in the United States and
abroad suddenly transitioned to fully online instruction in response to the
emerging COVID-19 pandemic. In many cases, faculty had only 1-2 weeks
(mid-semester) in which to redesign their syllabus and course structure for
online delivery. While some faculty were experienced with online instruction,
many others were figuring it out for the first time. For some, the following
Summer and Fall semesters presented a similar struggle: everyone knew that
teaching online was a possibility, but some faculty were asked to prepare
for both in-person and online instruction because an official plan had not
been announced. All this presented a myriad of challenges to instructors in
terms of learning new technology, creating content, planning and designing
assessments, and many other aspects of their professional and personal lives.

Despite the tireless (yet exhausting) efforts of faculty and staff to prepare
meaningful online instruction and assessments, many students struggled with
the transition to purely online instruction. Even during Fall 2020, a semester
that many students began fully online, we noted that among students in
our courses and those of several of our colleagues in mathematics, student
performance was down, and students lacked satisfaction with their courses
and with their ability to retain information. Knowing that many faculty have
prepared extensive resources to maximize the likelihood of student success,
we asked the following research questions:

e How are students interacting with the resources made available to them
for their mathematics classes?

e How are students behaving in this online environment (with respect to
their mathematics classes)?

To provide insight into these questions, we collected responses to a short ques-
tionnaire from students who were registered for an entirely-online course in
PreCalculus at a medium-sized university in the Midwestern United States.
Despite the instructor following recommended best practices for online course
development, the students struggled to connect with the course early in the
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semester as the instructor had intended. The questionnaire was designed
to motivate students to reflect on their study habits and to elicit their self-
evaluation of the efficacy of those habits. We analyzed results from the
questionnaire via thematic analysis. These results suggest that students ex-
perienced difficulty due to a misalignment in the expectations of the students
and their teacher with respect to what kinds of activities learners should en-
gage in to direct their own learning in mathematics. Two themes, active
versus passive learning and self-requlation, emerged from the data. In the
following sections, we discuss some recommended practices from the liter-
ature for structuring online courses and the influence such decisions may
have on student performance. Then, we transition into a discussion of active
and passive learning and self-regulation. Following our results, we provide
recommendations for online teaching and course structure.

1.2. Best practices in online instruction

Prior research has identified differences between face-to-face instruction and
online teaching. Most notably, analyzing several large scale studies of on-
line mathematics teaching, Trenholm, Peschke, and Chinnappan found that
“Clearly, from multiple perspectives, [fully online] mathematics instruction
has not been successful in comparison with traditional [face-to-face| mathe-
matics instruction” [26, page 1094], citing factors such as students’ grades,
retention, and withdrawal rates. Trenholm et al. further emphasized studies
finding that mathematics as a subject area is more challenging to teach on-
line than other subjects. Trenholm and Peschke identified six ways in which
online mathematics instruction differs from face-to-face instruction and sug-
gested that, if ignored, these differences may constrain the effectiveness of
online mathematics teaching [25]. Among these differences, Trenholm and
Peschke highlighted the necessarily student-led nature of asynchronous online
learning, affecting teachers’ ability to guide students’ learning, and changes
in the timing of communication between students and teachers, restricting
teachers’ ability to provide them with timely feedback.

Many “best practices” guides for online instruction have been produced, and
many “crash course” versions emerged during 2020 for those educators who
needed to make the sudden transition [13, 19, 23|. These guides often ad-
dress the costs and benefits of teaching synchronously versus asynchronously,
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tips for recording lecture videos, advice for preparing assessments, and other
“standard” topics. Beyond making pedagogical decisions, teachers must also
make organizational decisions, like how to structure deadlines and where
to make the syllabus, lecture videos, study materials, homework, and other
resources available to students.

What is missing from many of these guides is how to guide students to effec-
tively use course material and other resources. Trenholm, Alcock, and Robin-
son found that the use of technology in teaching should be carefully planned,
particularly with regard to students’ needs [24]. Based on a meta-analysis
of the literature on the use of technology in undergraduate mathematics
teaching and learning, they deduced that until research findings are clearer,
as traditional institutions consider providing e-lectures, it seems prudent to
avoid what Baker et al. [1] refer to as a ‘bolt-on’ instructional technology
strategy that ignores the bigger picture of pedagogic transformation. That
is, there is a need to provide instruction to students on how best to make use
of e-lectures. In a more demanding form, this planning may entail serious
consideration of student demographic characteristics and how to mitigate the
possible effects of any loss of community. [24, page 713|

Inglis, Palipana, Trenholm, and Ward found that, when given access to
live (face-to-face) lectures, pre-recorded online video lectures, and univer-
sity mathematics tutoring services, students rarely made use of more than
one of these resources, if they used any at all [18]. Furthermore, students’
favored choice of resource correlated with academic performance. Students
who attended live lectures or the university mathematics tutoring center out-
performed students who preferred video lectures. This result is reflected in
Trenholm et al.’s [24] and Howard, Meehan, and Parnell’s [17] meta-analyses
as well: “Overall, the studies [24] considered suggested a negative correlation
between online lecture usage and achievement, and they ask whether this is
because struggling students tend to choose online lectures in preference to
other methods or whether video flexibility caters for surface learning strate-
gies” |17, page 532|. Looking forward, Inglis et al. noted that “what remains
poorly understood is the overall pattern of study choices made when students
are presented with many options” [18, page 490]. We present a partial answer
to this question.
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1.3. Student engagement in the undergraduate mathematics classroom

Engagement in active learning practices is critical for the development of
mathematical understanding [4, 5, 15|. Collins and O’Brien provide the fol-
lowing definition of active learning:

The process of having students engage in some activity that forces them
to reflect upon ideas and how they are using those ideas. Requiring stu-
dents to regularly assess their own degree of understanding and skill at
handling concepts or problems in a particular discipline. The attain-
ment of knowledge by participating or contributing. The process of
keeping students mentally, and often physically, active in their learning
through activities that involve them in gathering information, thinking,
and problem solving.|9, page 5]

While the term often brings to mind images of elaborate projects, group
work, and presentations, active learning can also refer to more commonplace
activities such as note taking, question posing, example generation, general-
ization, and practicing routine procedures [15].

Results show that in undergraduate STEM education, active learning pro-
motes student success on a variety of metrics, including course grades, making
connections among content, and self-efficacy [15]. Teaching strategies such
as interactive delivery of content, group work with discussion and feedback,
student presentations of solutions, and guided mathematical exploration are
common among proponents of active learning in mathematics. These ac-
tivities contrast with practices that students often perceive as sufficient for
learning, such as watching lecture videos (but not taking notes), reading
over pre-worked examples (but not attempting to work the examples or try
similar problems), or using the internet to search for solutions to homework
or practice problems. Students are misled to believe that these practices,
which we will refer to as passive learning, lead to quality learning, when in
fact students often conflate genuine understanding with familiarity with a
set of problems they have seen before or even memorized solutions to [4, 5|.
In contrast, students tend to believe that active learning practices, such as
trying to solve previously unseen problems and example generation, lead to
less satisfactory learning outcomes because these methods require more effort
and struggle on the part of the student.
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1.8.1. Self-regulation

In an online course, students must stay on a schedule, monitor their own
progress on assignments, and know how to identify and repair gaps in their
own learning in order to be successful [10]. These skills are related to self-
regulation, the ability to structure and monitor one’s own learning. Zimmer-
man defines self-requlation as “the self-directive processes by which learners
transform their mental abilities into academic skills” [29, page 65]. Berk iden-
tified the skills of continuously monitoring progress toward a goal, checking
outcomes, and redirecting unsuccessful efforts as elements of self-regulated
learning [3]. In some sense, these skills may be thought of as “taking respon-
sibility” for one’s own learning.

Nota, Soresi, and Zimmerman found a positive correlation between self-
regulated learning and academic performance among college students in face-
to-face instruction [21]. While it is not automatic that students will spon-
taneously develop self-regulation techniques, previous studies show that de-
signing an online learning environment promoting the use of self-regulated
learning strategies can lead to the adoption of such strategies by students
[2, 12, 28] . Hodges and Kim found that simply sending students emails sug-
gesting self-regulation strategies had no effect on the frequency of students’
uses of those strategies [16]. Wandler and Imbriale, however, identified six ap-
proaches instructors can take to promote self-regulation strategies that have
been correlated with improved student achievement: explicit instruction on
self-regulation strategies, requiring students to keep study logs, prompting
students to self-regulate, sending text-message reminders reminding students
about important dates and office hours and sending encouragement, scaffold-
ing tasks, and fostering help-seeking behaviors in students [27].

The research outlined in the previous sections demonstrates the importance
of students’ abilities to take charge of their own learning in the online set-
ting. Students’ engagement in self-regulation and active learning practices
are paramount to their success. In the coming sections, we will provide ev-
idence that many students enrolled in an online mathematics course largely
did not engage in productive learning activities, and needed assistance with
self-regulatory behaviours like scheduling and identifying weaknesses in their
learning. In some cases, though, students did seem to be aware of the ben-
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efits of self-regulation, despite their lack of engagement in such behaviours.
We discuss the implications of these findings, and we conclude by presenting
our recommendations for teacher-initiated activities to help students practice
these skills in their online classes.

2. The Study

This study took place at a medium-sized regional comprehensive university in
the Midwestern United States. With the anticipation of the COVID-19 pan-
demic during the 2020-2021 academic year, instructors were allowed to choose
their content delivery method for their Fall 2020 courses. These choices
were face-to-face, hybrid, online synchronous, and online asynchronous. The
course enrollment system listed the delivery method for each course allowing
students to choose a delivery method for each course. There were 11 sections
of PreCalculus taught at the university in Fall 2020. Each of the 11 sections
were offered either online synchronous or asynchronous. Prior to Fall 2020,
the university had not offered an online PreCalculus course.

2.1. Course instructor and designer

The course used in this study was designed by an instructor with 18 years
of college instruction and nine years’ experience in both online instruction
and online course development. Prior to designing this online asynchronous
course, the instructor had developed two online asynchronous general educa-
tion quantitative reasoning courses and an introduction to proofs course. In
addition, the instructor worked as a member of a team that developed asyn-
chronous calculus and linear algebra courses. During the nine years’ of online
instruction, the instructor taught the following courses in an asynchronous
online format: Differential and Integral Calculus, Multivariable Calculus,
Linear Algebra, Complex Analysis, Quantitative Reasoning, and Introduc-
tion to Proofs. The instructor was certified by their institution to develop
online courses prior to the COVID-19 pandemic. This certification involved
taking (and passing) a course in online development which was created by the
institution’s online course designers. As part of this course, the instructor
created an online course which was vetted by the institution’s online course
designers.
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2.2. Course Design

The instructor developed the course during Summer 2020 using best-practices
in online learning [20] satisfying the pre-pandemic university requirements for
online courses. The course was a 4-credit PreCalculus course delivered in an
asynchronous online format. The course content was divided into segments
called “lessons”. For each lesson, students were given textbook readings, cliff
notes of the readings, videos of content, and between three to seven exam-
ples. The examples were presented in both pre-recorded video and written
form. Each week, students completed two or three lessons, each of which
corresponded to one section of the textbook. Students were given both un-
graded and graded homework. The ungraded homework consisted of selected
exercises from each section of the textbook, Algebra and Trigonometry by
James Stewart, Lothar Redlin, and Saleem Watson [22]. The textbook pro-
vided an answer key for the assigned exercises in the back of the textbook.
The graded homework was administered through WeBWorK, an open-source
online homework management system offered through the Mathematical As-
sociation of America (https://www.webwork.maa.org). Homework was due
on Sunday for the lessons covered the previous week.

Students completed a timed one-question free response problem when start-
ing a new chapter which served several purposes. The first purpose was to
have students practice answering a question in a timed environment which re-
quired a file upload into the course management system. The second purpose
was to provide detailed comments to students about their work prior to com-
pleting the free response portion of an exam. The question used in each free
response was chosen to only require knowledge of the first two sections of the
new chapter. Students had the opportunity to resubmit their first attempt
for additional credit. The final free response submission was returned with
comments before students started the exam for the corresponding chapter.

There were five chapter exams and one final exam during the semester.
Students gained access to the exams on a Thursday morning and the ex-
ams closed the following Sunday evening. Exams were not proctored. Each
chapter exam consisted of two timed portions: a six-question multiple choice
portion and a three-question free response portion. The multiple choice
portion was graded for correctness and had a time limit of 60 minutes.
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The free response was graded allowing for partial credit, had a time limit
of 90 minutes, and required students to upload their work into the course
management system.

Students participated in a discussion designed to have them reflect on their
overall experience with the last module/chapter after completing the assess-
ments for each chapter. Discussion groups consisted of 4-6 students and re-
mained the same throughout the semester. Students were required to submit
an original post and then were given two days to post at least two responses
to their group members’ posts.

There were two sections of PreCalculus that were combined into one course
in the learning management system (LMS). Each of the sections had two
1-hour blocks each week which were designated in the students’ academic
schedules for office hours. Students had a total of four hours of office hours
each week that they could attend: Two hours were blocked in their schedule
for their section and the other two office hours were blocked for the other
section. Office hours were not mandatory.

2.53. Method
2.8.1. The students

The PreCalculus course in this study had 49 undergraduate students en-
rolled. Each student signed a consent form at the beginning of the semester
agreeing to participate in this study. The consent form was approved by
the university’s Institutional Review Board. All of the 49 students enrolled
were given the option to participate in this study. Six students opted out.
Of these 43 students who participated, 27 were freshman, 11 sophomores, 4
juniors, and 1 senior. Among the 43 students, there were 35 STEM majors, 5
liberal arts majors, 2 education majors, and 1 business major. Twenty-seven
of the participants had never taken an online math course before, 8 partici-
pants’ only prior experience was in Spring 2020 when face-to-face instruction
changed to online, 3 participants had taken an online math course prior to
Fall 2020, and 5 participants did not indicate their prior online math course
experience.
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2.8.2. The Procedure

Students answered a five-question questionnaire at the beginning of the fourth
week of class after completing the first module/chapter of content. The five
questions were:

If this is your first online math course, how are you adjusting?

What are you doing to pace yourself with the material?

Was there anything from the content that you found interesting? Why?

What are some things that you are proud of yourself for from this last
month?

e What are some areas where you can improve on for the next module?

The questionnaire was provided to the students as an online assignment
delivered through the LMS. The participants responded in paragraph form
and their responses were recorded in the text-box provided by the LMS. The
5 questions were designed to elicit each participant’s background with online
math learning, how they were interacting with the course content, as well as
how they perceived their interaction with the course content.

2.4. Thematic analysis of questionnaire responses

After the initial reading of the students’ responses, we used an inductive
thematic analysis to generate a preliminary set of codes from the data [6].
The initial codes compared and grouped together the following initial set
of sub-categories along with the tallies of each sub-category: technological
challenges (4), technological advantages (5), community (6), study habits
(5), student organization (4), course content organization (3), content (5),
goals (4), positive/negative outlook (7), ability (3), and problems with knowl-
edge transfer (8). Then, we revisited the sub-categories and reorganized the
coded data. The following categories emerged: assistance, course logistics,
the COVID factor, and course content. The two emergent themes from these
categories are active versus passive learning and self-regulation, each with
its own set of associated sub-themes (categories). The sub-theme for active
versus passive learning is assistance. The sub-themes for self-regulation are
course logistics, the COVID factor, and course content. These two themes
and their sub-themes will be discussed in detail in the following sections.
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Throughout the analysis several connections were observed amongst the sub-
categories which led to the categories and, in turn, the themes. These con-
nections were:

e Online is hard because students are used to learning in a face-to-face
environment.

— They understand how to take notes from a lecture, but do not
necessarily understand how to take notes from reading a textbook
or watching videos.

— In a classroom environment, they can get immediate feedback
which is part of how they are used to getting help when they
are confused.

— In an online environment, their ways of seeking help have changed,
despite many common features between the two environments,
such as email, designated office hours, and tutoring services.

— Students rely on classroom instruction to keep a schedule.

e There seem to be three motivational factors for students: the material,
the course format, and outside activities. These factors can be either
a positive or negative motivator.

— Procrastination is causing stress and making the students over-
whelmed.

— Another motivation is to just get stuff done. This plays into having
too much going on right now and being overwhelmed.

2.5. Results

The first online /remote learning experience that most of the participants had
was during March 2020 when the majority of high school and college courses
abruptly transitioned to remote learning with the onset of the COVID-19
pandemic. Fall 2020 was the first online math experience for 63% of the par-
ticipants. This PreCalculus course was the first asynchronous online course
for 81% of the participants. Overall, the responses indicated that the stu-
dents in this class were struggling to adapt to the online learning environment
for this course.
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Our thematic analysis of students’ responses to the questionnaire resulted in
the emergence of two main themes: active versus passive learning and self-
requlation, with each theme encompassing one or more sub-themes. Here,
active and passive learning refers to students’ descriptions of their study
habits and their interactions with the learning materials provided in the
course. Self-regulation describes students’ planning-related activities and
includes students’ scheduling habits (or lack thereof) and factors that af-
fected students’ motivation. In a very broad sense, active versus passive
learning provides insight into how students engage in learning activities, and
self-regulation describes factors influencing when students decide to do their
work. Of the 43 students who participated in this study, 32 (74%) of them
had a response which was coded in active versus passive learning and 35
(81%) of them had a response which was coded in self-regulation.

2.5.1. Active Versus Passive Learning

Many students indicated that, although they used course materials provided
by the instructor and even sought out additional resources, their interactions
with those resources were largely passive. The majority of students reported
reading the textbook, reading online notes, and watching the videos without
additional engagement with those materials, such as taking notes or trying
problems on their own. Students reported not immediately recognizing the
need to take notes from textbook readings, online readings, or online videos
or they recognized a deficit in their note taking.

e Taking notes is something that I struggled with as well, I felt that I
understood the concepts but I didn’t take many notes to use later when
the content might not be as fresh in my head. (Participant 30)

e [ am still adjusting to reading something then taking notes instead of
having my teacher lecture and take notes during it. (Participant 1)

e [ would like to take better notes from the textbook because in the first
module I read the textbook but did not write it all down. (Participant
29)

e Another area I could improve in would be writing down notes from
office hours. 1 have attended most office hours, but I have just been
writing down the answers to my questions. I should be writing down
all tips and notes. (Participant 35)
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In fact, many of them regarded reading the text or watching the videos
as sufficient interaction with the material despite acknowledging the role of
note taking in previous mathematics courses. Additionally, some students
recognized early on that reading the content and watching videos of others
interacting with the content was not transferring to their own understanding:

e [ have been looking at the bookwork and going through the lessons.
(Participant 18)

e ...and just looking over the notes... I could never just read and under-
stand what is going on when it comes to math ... (Participant 23)

Others, however, had not made this connection yet and intended to increase
the amount of time they were spending using passive learning strategies dur-
ing their study time:

e [ am also trying to find videos of similar problems so I can try to
understand the steps. (Participant 23)

e [ have had to spend a little more time watching videos online of how
to walk through some problems. (Participant 11)

e Although I read the respective chapters of the book, I could work on
reading them more in depth so I don’t have to go back and read it
again when I am completing assignments. That way I will just know it
the first time. (Participant 24)

Some students acknowledged value in note-taking, but they suggested that
taking notes effectively from a textbook was more challenging than taking
notes from a teacher.

e [ am still adjusting to reading something then taking notes instead of
having my teacher lecture and take notes during it. (Participant 1)

e For the next module I would like to take better notes from the textbook
because in the first module I read the textbook but did not write it all
down. (Participant 29)

e Taking notes is something that I struggled with as well, I felt that I
understood the concepts but I didn’t take many notes to use later when
the content might not be as fresh in my head. (Participant 30)
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Note-taking was the only active learning strategy reported by students in this
study. Therefore, it is not clear if students employed other active learning
strategies. For example, students did not mention the role of homework in
learning, nor pausing the videos for reflection, etc.

Assistance: Many students reported being unhappy with the lack of avenues
for communication and instructional support. Paradoxically, the ways in
which students sought help shifted away from live interactions despite report-
ing a desire for immediate feedback similar to what they were accustomed to
receiving in a face-to-face setting.

e [ enjoy having access to a teacher in class when I have questions. (Par-
ticipant 38)

e the worst part for me is the communication, I miss being able to ask a
question and get immediate feedback. (Participant 9)

Opportunities for live interactions were made available to students in the
form of four voluntary office hours per week hosted by the course instruc-
tor and live virtual tutoring sessions through the university tutoring center
which had specific virtual rooms for math tutoring. On average, six differ-
ent students (out of 43 total) attended office hours each week. Attendance
was recorded on a spreadsheet as students joined the virtual office hour room.
Since there were no academic scheduling conflicts with office hours, this leads
to the assumption that students were making the choice to not attend office
hours, or there were non-academic circumstances preventing students from
attending. Of these six students who regularly attended office hours, two of
them were regular attendees missing only a handful of office hours throughout
the semester. Additionally, while the specifics for the PreCalculus course are
unknown, the university’s remote tutoring center also reported an overall 90%
decrease in online attendance during Fall 2020 when compared to face-to-face
attendance in Fall 2019. Instead of reaching out for personalized help, stu-
dents turned towards online resources such as videos and written solutions
of the problem (or a similar problem) using resources such as chegg.com,
slader.com, and Khan Academy.

Despite many students choosing not to use these resources, several students
indicated their belief that attending office hours and taking advantage of the
tutoring center would improve their understanding of the material:
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e At the beginning of the semester I had a really hard time understanding
the material in full, however joining the office hours has been very
helpful in learning the content. (Participant 26)

e To improve I definitely need to go to more tutoring and the help sessions
because the one time I went, it actually helped me out a lot. The only
problem is was [sic| that I didn’t want to come into those help session]s]
and say, “I don’t understand anything” because I wanted to try it for
myself and focus on more specific things to look at. But it took me
so long to understand it alone that I might as well have went to those
sessions just to understand a whole concept. (Participant 12)

e [ was struggling with the material but I went to tutoring and they
helped me figure a lot of my questions out. (Participant 9)

In contrast, students wanted to use online resources even thought they knew
them to be ineffective:

e ... that we have things like google where we can always find out but
sometimes it really feels like the answer to a question you have just
isn’t out there. (Participant 32)

e [ am also trying to find videos of similar problems so I can try to
understand the steps. (Participant 23)

Active Versus Passive Learning — Summary. Overall, students were aware
that their initial, primarily passive, learning strategies were not sufficient
in ensuring their success in PreCalculus. They reported watching lecture
videos within the course content, seeking out additional videos on the Inter-
net, reading their textbook, and reading worked problem solutions. Despite
recognizing that these approaches were not effective, many students did not
express intentions of changing these practices. Some students, however, did
acknowledge a need to alter their approach to the course, typically by in-
creasing the frequency of their note taking while watching videos or reading
the textbook or by making more frequent use of tutoring services or the
instructor’s office hours.

2.5.2. Self-Regulation

Several students discussed their motivation and their ability to adhere to a
schedule. Students found motivation to work on the course difficult. When
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students have a specified class time they are expected to attend, such as in
a face-to-face or synchronous online class, students feel the need to keep up
with the course work in order to be prepared for the meetings:

e [ like in person a lot better because even if I'm feeling unmotivated,
I'm still forced to get my work done. I also get easily distracted when
I sit down to do my work at home so it usually takes me longer than
it should to complete an assignment. (Participant 17)

e [ was hoping to have synchronous classes to keep a schedule going. I
am having a hard time keeping my normal class schedule going because
of this, but slowly adjusting still!... Areas that I can improve on for
this next module could be to continue to work on keeping this class
“synchronous” so I do not fall behind. (Participant 20)

The course schedule was deliberately designed in such a way as to give stu-
dents a sense of structure and regularity. Although the course was structured
asynchronously, office hours were scheduled during the course’s regular meet-
ing times, and weekly homework was always due on Sundays. Rather than
working on tasks gradually throughout the week, many students did not
work on the course until the homework deadline was looming. This caused
unnecessary stress and anxiety:.

e [ was pushing my homework to the weekends within the last couple
weeks and that was making it difficult when I had questions. (Partici-
pant 8)

e [ was tempted to push everything to the end because I thought I had the
time. But as the due dates got closer, it became quite overwhelming.
(Participant 21)

e Just in general having so much “freedom” for say, I find it really chal-
lenging to dedicate time to this class having no face to face contact.
(Participant 39)

e [ need to get better at being on top of things and doing assignments
well before their due date so that I don’t get too overwhelmed and
stress with the amount of work that I have to do. (Participant 36)

e One thing I would like to work on is starting assignments earlier on in
the week so that I don’t have a bunch of work to do on the weekends.
(Participant 14)



Whitney George € Keith Gallagher 331

Course Logistics. While some students were aware of deadlines and ad-
mitted to simple procrastination, other students struggled to keep track of
deadlines at all. In a typical face-to-face or synchronous course, students are
verbally reminded multiple times about upcoming deadlines. For instance,
many classes start with an instructor reminding students about upcoming
homework due dates, quizzes, or exams. In an asynchronous online course,
students are reminded of upcoming deadlines through a schedule that is pre-
sented at the beginning of the course, through course announcements, and
by emails.

This distinction may appear small at first - but managing a schedule for
an asynchronous course requires students to be more attentive. Instructors
must also be attentive because there is a fine line between sending too many
announcements or too few. By sending too many announcements, students
can be overwhelmed with sorting and prioritizing them. This was especially
challenging for students in Fall 2020 when most, if not all, of their classes were
online and used announcements and emails as the primary way to contact
students. On the other hand, without the instructor’s constant reminders,
students are responsible for reminding themselves of upcoming due dates.

e Things I think I can improve on is writing down more due dates to
make sure that I am actually on task and I have one place to reference
it. (Participant 33)

e [The course management system| is hard to keep up with and I'm hav-
ing a difficult time staying on top of all my assignments and getting on
track... I'm not the best at pacing myself with my work and I tend to
let all of my assignments pile up, but I'm trying my best to work on it.
(Participant 7)

Students found something as simple as writing down a weekly schedule in-
cluding due dates and designated study times helpful. When students were
able to maintain their own calendar and schedule, they had a more positive
experience with the course logistics:

e [ also have a calendar with due dates for every assignment that helps.
(Participant 2)

e [ try to do something everyday to accomplish the module we are on. I
also keep an agenda of when assignments are due and try to schedule
my week out with all my classes. (Participant 3)
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e In order to stay on schedule I use the recommended pacing schedule
that was provided to us in canvas, and I have found this to be very
helpful. (Participant 27)

e [ have set out a schedule of what time I will sit down and strictly work
on Pre Calc. (Participant 31)

Course Content. The course was designed to align with the textbook sec-
tions and the topics in the course were covered in the same order they were
presented in the textbook. The first module covered logarithmic and ex-
ponential functions. Most students had already seen this material in high
school and came into the course with preconceived notions about logarithms
and exponential functions. When students had negative feelings towards the
material, their lack of interest in the content affected motivation to study:

¢ Finding the motivation to solve problems you don’t understand is dif-
ficult. (Participant 32)

e [ am not a math person, so the content was not very interesting to me.
(Participant 40)

When students had positive experiences with the content, their interest con-
tributed to a desire to work on the homework and course:

e [ found the laws of logarithms interesting. For me it’s like a puzzle.
(Participant 4)

e [ really enjoy working with logs...I don’t know why they are just prob-
lems I like to work to solve, its kind of like a puzzle. (Participant
31)

The COVID-Factor. The COVID pandemic contributed to students having
a difficult time self-regulating, as well. One student described what most
everyone, including instructors, felt:

e [ do like that I can do work on my own time, but I actually also find
that very hard for me because I won’t sit down and do work when
I have time. I usually just want to rest because I've been going and
going. (Participant 24)
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Some students described idiosyncratic challenges to learning that either they
had not experienced prior to the emergence of the pandemic or had been
compounded as a consequence. In addition to the general fatigue brought on
by the pandemic, students also faced additional pandemic obstacles such as
inconsistent housing, quarantining, (other) classes transitioning from face-to-
face to online and back again, getting tested regularly for COVID, unstable
technology, etc. For example, after the first week of classes, a two-week
“shelter in place” order was put into effect. Students were given a few hours
to decide if they wanted to remain on campus or go home. Many students
abruptly left campus, returning home with the intention of remaining at
home for the duration of the semester.

e With covid, poor wifi, and going between school and home this first
month has been everything except leisure. Although things haven’t
been ideal I feel like I'm doing the best I can with understanding,
learning, and reaching out when I need a little extra help. One thing I
would like to work on is starting assignments earlier on in the week so
that I don’t have a bunch of work to do on the weekends. (Participant
14)

e My schedule has also been busy with one-on-one [meetings| with [peo-
ple for work]|, so this last week has been difficult to keep up. Some
things T am proud of myself for this month are adjusting to [my job]
responsibilities, actively social distancing and wearing a mask, actively
getting myself tested for COVID, and being dedicated to my studies.
(Participant 20)

Self Regulation — Summary. In summary, we found students’ ability to
self-regulate was deeply connected to their overall experience in the course.
Finding motivation and time to work on the course provided consistency for
which many students indicated a need. Students expressed that “so much
freedom” was problematic and reduced their drive to complete work for Pre-
Calculus and indicated a desire to “work on keeping this class ‘synchronous’.”
Those students who wrote down a structured weekly schedule and adhered
to it expressed less anxiety and more satisfaction with their performance,
including less procrastination. Writing down deadlines and due dates also

seemed to reduce students’ stress. Unsurprisingly, students’ drive to work
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was also affected by their interest (or lack thereof) in the specific topics
covered in the course, but students also had to contend with a variety of
unanticipated challenges related to COVID-19 and working from home, over
which they had little control.

3. Discussion

Two overarching themes emerged from our data on students’ practices in the
online PreCalculus class: active versus passive learning and self-regulation.
Speaking broadly, these themes can be thought of as reflecting how and when
students engage in learning activities, respectively. In particular, students re-
ported largely employing passive learning strategies like watching videos and
reading pre-worked example problems, but research has shown that active
engagement with mathematical content improves understanding and recall
[4, 5, 15]. Some students recognized that taking notes while doing so could
be an effective supplement to these activities, but they expressed difficulty
in taking notes from a textbook when compared with taking notes from a
teacher’s lecture. Furthermore, taking notes was the only active learning
strategy students mentioned as a possible supplement to their current activ-
ities.

From our perspective, both the teacher and the student were in violation
of the implicit didactical contract [7], but the reason for this is quite subtle:
teacher and student were operating under different didactic contracts, though
neither was aware of it. In the physical classroom, students and teachers often
hold to socially negotiated norms; often, that the teacher will lecture, and
the student will take notes, among others. These norms may be societal,
and taken as typical roles of teachers and students broadly, or else they are
negotiated in the classroom, for example, by the teacher prompting students
to generate examples of a definition or to discuss strategies with a partner.

The online environment, however, is not a typical learning environment for
many students, nor for many teachers, and behavioral norms for this setting
may not be well understood by all participants. The teacher may see it as
their role to prepare content and simply be available to answer students’
questions, while tacitly assuming that students will employ the same study
habits they, themselves, might use: namely, note taking, problem solving,
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proof construction, example generation, etc. Students, for their part, may
see it as the teacher’s duty to provide content, and their role as students is
simply to consume that content, whether it be in the form of videos, worked
examples, or textbook excerpts. This is reflected in students’ intentions to
simply find more videos online or to use search engines to find worked so-
lutions to problems: rather than changing their approach to learning, some
students chose to double down on practices that had already proven insuf-
ficient for their learning. This may be because students are not aware of
the teacher’s expectations that they should engage in other, more produc-
tive, practices. Alternatively, students may genuinely believe these practices
to be effective, as repeated visitation of the same procedures and the same
examples can create the illusion of learning, while active learning strategies
feel unproductive because they require more effort [4, 5.

Some students also mentioned having benefited from attending virtual office
hours or online tutoring sessions, and other students stated that they believed
making use of these resources would benefit their learning. Yet throughout
the semester, attendance at the instructor’s office hours remained low (never
more than 6 out of 43 students in a given week), and while we cannot say
exactly how the students in our sample utilized tutoring resources, virtual
tutoring services saw a 90% decrease from Fall 2019. Based on these results,
we conclude that students made the decision not to use these resources,
despite a prevailing belief (sometimes based on personal experience) that
they could be beneficial. Instead, some students reported an intention to
simply look for more videos and worked examples, rather than evaluating
the effectiveness of these behaviours and investigating other means.

Monitoring progress and redirecting unsuccessful efforts toward learning are
part of the process of self-regulation [3]. Though many of the students in
our study were aware that their study habits were not sufficient for them to
attain their learning goals, and in this case were even aware of possible alter-
native avenues for learning, they were not particularly good at implementing
changes in their routine. Some students explicitly expressed their desire for
more synchronous interaction with the teacher or another expert:

e [ enjoy having access to a teacher in class when I have questions. (Par-
ticipant 38)
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e the worst part for me is the communication, I miss being able to ask a
question and get immediate feedback. (Participant 9)

Yet, despite having time deliberately built into their schedule for this pur-
pose, only a small percentage of students took advantage of the opportunity
for this kind of interaction. Asynchronous online learning is an atmosphere
in which students must learn to be self-directed learners, and thus are “ex-
pected to assume primary responsibility for their own learning” [8]. In this
setting, the teacher cannot know when the student needs help; rather, the
student must develop the self-awareness to be able to seek out help when it
is needed.

In addition to struggling with monitoring the effectiveness of their study
practices, students struggled with motivation and procrastination as well as
simply keeping track of due dates. Without regularly occurring mandatory
course meetings, students found themselves putting off their work until the
last minute, completing large chunks of coursework at once and generat-
ing unnecessary stress. On the other hand, students who wrote down and
maintained a weekly routine for studying and including deadlines reported
satisfaction with this strategy and generally seemed more satisfied with their
performance in the course. These students who reported lower levels of stress
with regard to deadlines and procrastination are those who demonstrated
epistemic agency [11, 30]; they took a proactive approach to the course, de-
veloping personal schedules and accountability measures to ensure that their
work was done gradually and ahead of schedule.

Level of interest or disinterest in course content was a factor indicated by
students to influence their motivation to work. Challenges also arose that
were beyond students’ control due to COVID-19, including challenges with
Internet connectivity, distractions when working from home, and surprise
changes in course delivery instituted by the university. These factors are
not always within the control of either the teacher or the student. Such
issues, however, may also be mitigated by careful adherence to a schedule.
To be clear, we do not mean to suggest that students who do not adhere to
a schedule are to be assigned blame when unexpected issues arise. On the
contrary, for the students’ own sake, we propose that the stress from such
events (or dispositions) can be minimized by piecemeal productivity.
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4. Implications for Teaching

The widespread turn toward online instruction forced by the COVID-19 pan-
demic provided a unique opportunity for introspection and reflection about
instructional practices, particularly in mathematics. Moving forward during
and after the COVID-19 pandemic, when academics can return to (a new)
normal, instructors should reflect upon the successes and failures of remote
teaching during Spring 2020, Fall 2020, and Spring 2021 and use these reflec-
tions to improve teaching and enhance learning. Based on the results from
this study, we present the following observations and recommendations which
are motivated by obstacles that were observed in this study. The recommen-
dations are designed to further develop students’ self-directed learning which
can then be applied to different learning environments and subjects, whether
face-to-face or online, and whether synchronous or asynchronous.

4.1. Teach students to find and reflect upon classroom information

The role of the teacher is to help students develop skills and knowledge that
will enable them to succeed in the future. More than just content knowl-
edge, this includes skills that help students to become self-sufficient, includ-
ing seeking out and keeping track of pertinent information such as deadlines,
assignments, and criteria for evaluation. In face-to-face and synchronous
online learning, this information is often presented verbally in the form of
announcements made by the teacher during class meetings. Students who
are accustomed to face-to-face courses may be dependent on these announce-
ments to stay up to date on their work. However, during asynchronous online
courses, such announcements may not be possible, and this information is
often posted either in the course syllabus or in the LMS, requiring students to
seek it out themselves. Well-meaning teachers might try to remind students
about upcoming deadlines via email or announcements through the LMS,
but sending too many of these reminders may decrease their effectiveness,
and if students are enrolled in multiple online classes, it is likely that some
messages will be overlooked.

Rather than inundate students with reminders, we recommend designing
tasks to teach students how to find important information on their own.
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A syllabus reconnaissance is one such task, in which students are asked ques-
tions about the structure of the course and they must consult the syllabus
to find the answers (some versions of this require the students to generate
questions about the syllabus as well, which they will pose to the teacher).
For online courses, a similar task might require students to “Write down
the example problem in Video 4,” or “Identify three of the criteria on which
Project 2 will be assessed.” These tasks require students to demonstrate that
they can navigate the LMS to find the syllabus, textbook, video lectures, as-
signments, and rubrics, and it ensures the teacher that they have read this
information at least once. Ideally, students will then be able to return to
these documents to find needed information later in the course. Short, low
stakes “gatekeeper” assignments might also be implemented: for example, a
short 1-2 question quiz, on which a student must score 100% before a home-
work assignment can be started, worth zero points, about the date of an
upcoming test. The student is not penalized for not knowing the informa-
tion, but they must demonstrate that knowledge before they can submit the
assignment for credit. By implementing these recommendations, students
can be taught to seek out important information on their own and be less
dependent on others.

4.1.1. Teach students to manage their time and monitor their learning

When teaching face-to-face, instructors may think carefully about the tasks
they ask students to complete and the amount of time allotted for those
tasks. In asynchronous instruction, teachers have less direct control over
these elements of their classes, and students are often unaware of the types
of tasks they should engage in and for how long. As our data show, students
who stick to a schedule and who engage in more active learning practices
were more successful. We propose two suggestions here.

First, encourage students to create a weekly schedule, including times when
they will study for each of their courses, when they’re scheduled to work,
when they will eat meals, etc. Some students may not adhere to their sched-
ule, but those who do may find it beneficial to stick to a routine, as the
students in our study did.

Second, provide students with suggestions and resources for active learning.
Some of the students in our sample seemed to realize that taking a more ac-
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tive approach to the content would improve their learning, but taking notes
seemed to be the only idea that came to mind for most of them, and the pro-
crastination that many students reported likely led to big chunks of blocked
practice rather than smaller bursts of learning. As noted in the introduc-
tion to this manuscript, practices such as interleaving, recall practice (stim-
ulated by taking breaks during learning), and mixed practice (as opposed
to blocked practice) can improve students’ learning. Furthermore, students
reported struggling to take notes from a textbook; providing scaffolded notes
for the first section or chapter of the course may help students identify impor-
tant information and provide a framework for future note-taking. Students
should be encouraged to engage in specifically mathematical activities as well,
like trying to solve progressively more challenging problems, explaining how
and why procedures work, trying to solve problems in two or more different
ways, drawing graphs and diagrams, creating their own problems, working
problems backward (e.g., instead of “Solve the following quadratic equation,”
try “Create a quadratic equation with the following solutions”), and others.
Given examples of active learning strategies, students may be more inclined
to try a few of them and find something that works well for them.

4.1.2. Be explicit about your goals and encourage student buy-in

Our results showed that students in our sample lost motivation when they
encountered mathematical topics they had previously found to be uninter-
esting or confusing. This loss of motivation does not necessarily mean that
students will not do the work, but it is likely that unmotivated students will
not exhibit the same curiosity other students might, nor approach the topic
with a similarly open mind.

For this reason, we recommend that teachers be explicit in communicating
their rationale and learning objectives for students. Because a lack of mo-
tivation may lead to a lack of natural curiosity, providing students with a
sort of checklist of skills and knowledge can help guide them to see what
the teacher thinks are the important aspects of a topic. This also helps stu-
dents with their self-regulation by establishing a method for checking and
monitoring their own understanding. More specifically, these learning ob-
jectives should be concrete and measurable. For example, a student who
understands their learning objective as “understand logarithms” might have
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a hard time determining whether they understand logarithms sufficiently well
to pass an upcoming assessment. A student who has been provided the learn-
ing objective “Be able to convert an exponential equation into an equivalent
logarithmic equation” will have a much better sense of where they stand with
regard to the content: either they can do this or they cannot.

As stated in the previous section, we recommend that teachers provide stu-
dents with examples of active learning strategies or giving more active tasks
aside from simple note-taking. We also recommend that teachers be explicit
with their rationale for these activities. Floyd, Harrington, and Santiago
observed that when students’ perceived value of a course is low, then they
are more inclined to use surface level strategies such as rote learning and
focusing on passing the course instead of learning the material [14]. It may
not be immediately obvious that there is an advantage to mixed practice over
blocked practice, for example. After all, as long as I do all the problems in
my homework, I receive the same number of points regardless of the order
I worked the problems. However, making students consciously aware of the
advantages of this strategy (namely, that it forces recall of different strate-
gies and provides practice in selecting the appropriate strategy for a given
problem) can help them know whether this strategy is appropriate for a par-
ticular difficulty they might be experiencing, and it may encourage them to
use this strategy more often if they perceive it to have a benefit.

While we do not claim that these recommendations will necessarily alter
students’ motivation, they may at least motivate more pragmatic students
to work on specific tasks, and students may be more motivated to work on a
topic that intimidates or confuses them if they are given specific tools with
which to address that topic.

4.1.83. Summary

The recommendations above stem from observations in this study of ob-
stacles that the students encountered while trying to engage in an online
asynchronous course. In summary, students struggled with connecting their
learning methods from synchronous environments to asynchronous learning
environments. While no one could have predicted a situation where the ma-
jority of learning would be online and/or asynchronous prior to the COVID-
19 pandemic, it is clear that in moving forward, we can do a better job of
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developing students’ epistemic agency and self-regulation which will improve
student learning in all academic environments.

5. Conclusion

In an effort to describe the effects of e-lectures (video recorded lectures posted
online), Trenholm et al. examined the research on online instruction and
found that students’ use of e-lectures was negatively correlated with student
achievement [24]. In their investigation of how mathematics students use
resources in a blended course setting, Inglis et al., found that students who
chose to use e-lectures under-performed when compared with students who
chose to attend traditional face-to-face lectures, and they called for further
investigation into how students choose to use (or not use) resources [18].
Our study gives a glimpse into the behaviours and uses of online resources
of students who are accustomed to face-to-face instruction when they enroll
(many, out of necessity) in a fully online asynchronous mathematics course.

We emphasize that our goal in this study was to describe students’ practices
and awareness of their own behaviours and their perceived efficacy, but not
to correlate these practices with academic performance. Reports on online
learning (both before and during the COVID-19 pandemic) have largely fo-
cused on the teachers’ perspective, so we sought to give insight to educators
on the behaviours in which their students might engage in order that they
may better meet the needs of their students.

Furthermore, we have provided recommendations for practice based on our
knowledge of the literature on teaching and learning in undergraduate math-
ematics and our own experiences as educators (with a combined 26 years of
experience). We acknowledge that many of our recommendations are not
novel, and in fact are pulled directly from the literature on teaching and
learning. However, many of our recommendations are novel with respect to
the research literature in the context of online asynchronous mathematics
instruction. Future work must investigate the efficacy of these suggestions
in this new environment not only with regard to students’ self-perceptions of
their practice but with regard to students’ achievement as well.

Another set of questions arose as a matter of course during our review of our
data: when, how, and why do students develop epistemic agency and become
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independent, self-directed learners, particularly with regard to mathematics?
Our results describe a class of students who, by and large, are still learning
how to direct their own learning. In contrast, we hypothesize that a class of
43 advanced PhD students in mathematics would have produced a very dif-
ferent set of responses to our questionnaire. While PhD students would likely
express struggles with content, we suppose that their approaches to learning
content —i.e., development of routines and schedules, active engagement with
content, and methods of self-assessment and monitoring — would look vastly
different. At what point do these changes in learning habits develop? What
causes these changes? Can these changes be taught or facilitated? We believe
that students’ approaches to active learning and self-regulation significantly
contribute to the struggles that students experience in mathematics learn-
ing, particularly in the online asynchronous environment. We believe that
changes in the ways students approach active learning and self-regulation can
be nurtured, and we hope that our work provides a step in that direction.
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