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Abstract—This study is aimed towards understanding students’ preferences
in online learning of College Algebra at a community college in the United
States, before and after the Covid-19 pandemic. We analyze the results of Stu-
dent Satisfaction surveys administered during Fall 19, Spring 20 and Fall 20
semesters. The classes were partially or fully online with synchronous and asyn-
chronous components such as face-to-face and/or virtual meetings, pre-recorded
video lessons, assignments through online homework platforms, and discussion
board assignments. Our analysis show that students found face-to-face meetings
most helpful, when classes were taught partially online. After the transition to
online teaching, virtual meetings did not directly replace the face-to-face meet-
ings, instead online homework platforms were preferred. We find that students
ultimately started utilizing all components of online classes on an equal basis.
Our results reflect students’ adjustment to online learning, taking more advantage
from asynchronous course components and becoming active learners over time.

Keywords—online math education, student satisfaction, online course
components, virtual classes, student preferences, Covid-19 effects, math
instruction, educational technologies

1 Introduction

Technologies and pedagogies used in online mathematics education have been evalu-
ated widely for their benefits and challenges from early childhood [1], [2] to higher educa-
tion [3]-[5]. The result of integrating technology into mathematics instruction was overall
positive. Studies done in blended algebra classes in high schools [6] and in developmental
math courses at community colleges [7] showed that students could benefit from blended
learning environments. However, some studies show significant differences in success
rates between face-to-face courses and online/blended courses [8]. In a study of develop-
mental algebra courses at a community college, grades and completion rates were lower for
students in online or blended courses compared to students in face-to-face classes [9]. This
reminds us that successful delivery of an online/blended math class depends on choosing
the appropriate tools that would fit the student body and the course level that is being
taught. This motivated us to survey students in partially online College Algebra classes in
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Fall 19 to learn about their preferences, what components of instruction helped them learn
the course material, to be able to revise the course instruction in the following semesters.
When the Covid-19 pandemic has been accepted as a threat to public health, most
(if not all) schools worldwide were forced to switch to online education in the mid-
dle of Spring 20 semester. The advantages and challenges with this rapid transition
have been explored widely from students’ and instructors’ perspectives [10], [11] in
general, and specifically for mathematics instruction [12]-[16]. Institutions responded
swiftly to this transition by offering different modalities of instruction including fully
online (synchronous and/or asynchronous), hybrid (partially face-to-face and partially
online) or mixed solutions (face-to-face instruction that allows students to join online).
Instructors and students have expressed dissatisfaction with this transition and prefer-
ence with face-to-face learning [16]. Difficulties with delivering the course content to
students virtually have been brought up [15]. This motivated us to explore how students
responded to this mandatory change, whether their preferences have changed from pre-
to post-pandemic conditions. For this purpose, we administered surveys in Spring and
Fall 20 semesters that were similar to the one which was given in Fall 19 semester.

1.1  Literature review on components of online/blended mathematics courses

The College Algebra courses in which our students were surveyed, consisted of
three asynchronous components in addition to the synchronous lectures (face-to-face
or virtual). These are pre-recorded video lessons, online homework (online HW) plat-
forms and discussion boards. Here we provide a literature review on each component.

Benefits earned from video lessons have been discussed in many studies [17]-[20].
According to Bergmann and Sams [17], video lessons were helpful to students with dis-
abilities and struggling students in mastering the course materials. It was also stated that
it increased student-teacher interaction. Due to its flexibility, use of video lessons were
considered as a great fit for non-traditional students who work with busy schedules.
Barkley [18] mentioned that video lessons helped increase the motivation of at-risk stu-
dents to persist. In a study, students enrolled in classes which are video based believed
that they learned more and progressed further towards their learning goals compared to
students in non-video based, traditional classes [19]. Ichinose and Clinkenbeard [20]
also revealed that students taking college algebra in video based classes performed
better on examinations compared to the students who were in non-video based classes.

The use of online HW platforms is very common in college algebra classrooms. Stud-
ies revealed both benefits and drawbacks of using online HW platforms. One of the com-
monly mentioned benefits of using an online HW platform is that it provides immediate
and individualized feedback to students which mostly enables them to correct their mis-
takes, another benefit is the ability of the platform to create new versions of questions
which encourages students to practice a problem further to improve their understanding
[21]-[23]. The ability of learning the homework grade immediately and having a chance
to correct their mistakes by receiving hints are two important aspects that increase stu-
dents’ appreciation [24], [25]. In a recent study, students were found to have positive
attitudes toward the use of online HW platforms and they were motivated to use different
features of them [26]. In addition to these benefits, the randomized exercises (each student
receiving different version of a problem) was argued to reduce the plagiarism cases [27].

Although there are benefits, the literature also mentions the disadvantages of using
online HW platforms. Since these platforms allow multiple submissions, students might
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find the correct answer by trial-and-error submissions [28]. This whole process could
create an emphasis on getting the correct answer instead of focusing on the process of
solution [27], [29]. Magalhaes et al. conducted a meta-analysis (31 research studies since
2010) and investigated the effects on students’ performance of traditional paper-pencil
homework in comparison with homework assigned through online HW platforms [24].
These studies differed in terms of their methods and instruments such as the duration of
intervention, course domain and approaches to implement the online homework. Half of
the studies did not show any difference between the traditional and online HW assign-
ments in terms of student performance. Nine of them reported better performance in
online HW assignments and one study showed traditional homework resulted in better
student performance compared to online homework. Six studies mentioned mixed results.

Another common practice in online courses is making use of discussion boards to
improve the interaction between learner and instructor, learner and learner and learner
and content. The study of Hong and Jacob [30] reported the benefits of using discus-
sion board on critical thinking in a first mathematics course for engineering students.
Another study conducted by Sliva [31] focused on the community building aspect of
discussion boards. Baldwin and Sabry [32] stated the importance of discussion boards
for increasing student engagement. Thomas and Thorpe’s study added that students and
facilitators have been crucial regarding the structure of the discussion and the quality of
the interaction and content [33]. Another important characteristic of productive discus-
sion boards is the facilitator’s presence in the discussion [34]. In order to get maximum
benefits from discussion boards and learn in online environment, an effective social,
teaching and cognitive presence of facilitator is required [35], [36].

2 Methods

2.1  Participants

The surveys were administered in partially and fully online College Algebra classes
at an urban community college in the United States. College Algebra is an entry level
course with relatively low (around 45%) passing rates. The students enrolled in the PI’s
and her two collaborators’ College Algebra sections were asked to participate in these
surveys which were administered through the courses’ the learning management sys-
tems (LMS), Blackboard. Total number of participants were n= 18 in Fall 19,n =32 in
Spring 20 and n =47 in Fall 20.

2.2 Components of the courses

Here we provide the details of the course components that were surveyed. Class
meetings held either face-to-face or virtually were the only synchronous components
of the classes. All other components were asynchronous.

Face-to-face/Virtual Meetings: Instructors used meeting times for lecturing, answer-
ing students’ questions, observing students’ progress and giving them feedback. Virtual
meetings were held through Blackboard Collaborate.

Video Lessons: Pre-recorded videos by the own instructors of the classes or others
were provided to students for topics that were not covered during the face-to-face or
virtual meetings through Youtube or Playposit sites.
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Online Homework Platforms: The online HW platforms used for the classes were
MyOpenMath [37] or WeBWorK [38]. Instructors assigned weekly homework to stu-
dents through these platforms.

Discussion Board Review Assignments: These assignments were posted on Black-
board’s discussion board before each exam and aimed at collaboratively preparing stu-
dents to the upcoming exam. Sets of review questions were posted and students either
chose or were assigned problems to work on and discuss the solutions between each
other. Students were required to comment on each other’s posts.

2.3  Course components in each semester

During Fall 19 semester, the survey was administered in classes that were taught
partially online. The classes met on campus half of the time and rest of the materials
were delivered asynchronously through pre-recorded video lessons. Instruction was
supported by practice problems on online HW platforms and collaborative exam review
assignments on discussion board. Therefore, the classes were composed of four main
components; face-to-face meetings, practice on online HW platforms, pre-recorded
video lessons and discussion board review assignments.

First half of the Spring 20 semester were taught exactly in the same format as the
Fall 19 semester, in partially online modality. However, after the college’s shutdown
due to Covid-19, the classes switched to being fully online. All the synchronous com-
ponents of the classes stayed the same, and the only change was that virtual meet-
ings replaced face-to-face meetings. The surveys administered at the end of Spring 20
semester asked the students to evaluate the following four components of the course;
face-to-face meetings, virtual meetings, practice on online HW platforms and discus-
sion board review assignments (video lessons were not surveyed in this semester).

Fall 20 semester was held fully online in the same format as the second half of the
Spring 20 semester. The only difference with the Fall 19 semester was that the virtual
meetings replaced the face-to-face meetings. Therefore, the classes were again com-
posed of four main components; virtual meetings, practice on online HW platforms,
pre-recorded video lessons and discussion board review assignments. Course compo-
nents in each semester are summarized in Table 1.

Table 1. Course modalities and components during the semesters
in which the surveys were administered

Spring 20
Fall 19 Fall 20
First Half Second Half
Modality Partially Online Fully Online
Content Delivery | 50% Synchronous: Face-to-face meetings | 50% Synchronous: Virtual meetings
50% Asynchronous: Video Lessons 50% Asynchronous: Video Lessons
Assignments Online HW Platforms: Weekly

Discussion Board Reviews: Before exams (4—5 times)

2.4  Surveys

Based on the instruction modality being partially or fully online, versions of the
same survey about satisfaction in course components were administered at the end of
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Fall 19, Spring 20 and Fall 20 semesters. The surveys included 5-point Likert scaled
questions and an open-ended question. The answer choices ranged from Strongly Dis-
agree to Strongly Agree with the score of each choice ranging from 1 to 5. All the
survey questions were reviewed and approved by the Institutional Review Board and
Likert scale questions are given in Table 2.

Student satisfaction for a component was measured by collecting student responses in
four categories. These categories are Help in learning (H), Willingness to use again (A),
Ease of use (E) and Completion/participation (C) for the given course component. Ques-
tions from Category H were included in each semester for each course component that
was used during that semester. Based on the previous experience of the PI’s, increasing
the number of questions in the surveys would significantly decrease the participation and
completion rate of the surveys. Therefore, questions from other categories were included
at least once during the course of the experiment but not included during all semesters.
Questions from Category E, Category C and Category Awere included in Fall 19, Spring 20
and Fall 20 semesters, respectively. Questions from these categories were included to
support the data obtained from Category H questions. In this way, surveys in each semes-
ter included questions from at least two categories for each of the course components
that were used during that semester. Correlation analysis and Cronbach’s alpha calcu-
lated for different categories supported the validity of the surveys during each semester.
This design allowed collecting sufficient data to make comparisons for different compo-
nents during a given semester and for a given component between different semesters,
while keeping the number of questions was limited to ten for each semester.

The only exception is the video lessons component for which only Category H ques-
tion was asked during Fall 19 and no questions were asked during Spring 20 semester.
Since transition to online teaching occurred during Spring 20 semester, students experi-
enced both face-to-face and virtual meetings and questions from both components were
included in the survey. For the sake of keeping the number of questions at a limit of ten,
questions for the video lesson were eliminated.

3 Results

The means and standard deviations for the survey questions are given in Table 2.
We first compare the course components during a given semester. We then analyze how
the mean response to a specific component changed over time.

We performed the statistical analysis using Microsoft Excel. We used sample stan-
dard deviation function to calculate the standard deviation and two sample t-tests
assuming unequal variance to compare two data sets the results. We set the significance
level to 0.05 in our results.

3.1 Ranking of course components in Fall 19

For each of the four components used in Fall 19, students were provided statements
of the form “Given component helped me learn the material” and asked to choose their
levels of agreement (H1, H2, H3 and H5). The means of responses in decreasing order
were p = 4.67 for face-to-face meetings, u = 4.22 for discussion board assignments,
p = 4.11 for video lessons and p = 4.06 for online HW platforms. Each of the four
components were above 4, which show ‘agreement’ on average with all the statements.
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However, the statement that “the face-to-face meetings helped learn the material”
was agreed the most, which is significantly higher than the other three components
(p-value <0.033). The standard deviation (o = 0.59) was also the smallest for this ques-
tion. There was no significant difference between the mean of the responses for the rest
of the three components. We conclude that students benefited most from face-to-face
meetings when the classes were taught partially online.

For the two components on ‘practice on online HW platforms’ and ‘discussion board
review assignments’ we also asked whether students would like to use them in their
future math classes (Al and A2). The agreement level to use online HW platforms
again in the future was slightly higher (u = 3.94) than the agreement level to use ‘dis-
cussion board’ (i = 3.56), but this difference wasn’t significant.

Questions E1 and E2 assessed whether students found online HW platforms and
discussion boards easy to use. Both of the components were found to be easy to use by
the students, with average responses p = 4.00 and p = 4.06, respectively, and without
any significant difference.

3.2  Ranking of course components in Spring 20

We first compare students’ agreement levels to the statements about whether a given
component helped them to learn the material (H1, H2, H3 and H4). We find that the
mean value of the agreement level was highest (u = 4.32) for face-to-face meetings.
This was followed by assignments on online HW platforms, with a mean of p = 4.19.
There was no significant difference between the agreement levels of the two compo-
nents. The agreement level to the help of discussion board assignments (i = 3.97) and
virtual meetings (= 3.9) were also close, with no significant difference. The level of
agreement for these two components were significantly lower with p-value = 0.047 and
p-value = 0.043, respectively, than the agreement level for face-to-face meetings and
not significantly different from the response to the help from assignments on online
HW platforms. Therefore, we conclude that students benefited more from face-to-face
meetings and assignments on online HW platforms than they benefited from virtual
meetings and discussion board assignments.

Questions C1 and C2 assessed whether students completed the online HW platform
and discussion board assignments on time, respectively. Students mostly agreed that
they completed both online HW platform (p = 4.06) and discussion board (i = 3.91)
assignments. There was no significant difference between mean responses. Similarly,
questions C3 and C4 assessed whether students attended face-to-face and virtual meet-
ings, respectively. The means of responses were u = 4.46 for face-to-face meetings,
and p = 4.32 for virtual meetings. There was no significant difference at the 0.05 level
between mean attendance to face-to-face or virtual meetings. However, attendance to
face-to-face meetings was significantly higher than completion of assignments on dis-
cussion board (p-value = 0.005) and online HW platform (p-value = 0.029). In addition,
attendance to virtual meetings was also significantly higher than completion of discus-
sion board assignments (p-value = 0.035). We can rank the participation in these com-
ponents from higher to lower as face-to-face meetings, virtual meetings, assignments
on online HW platforms and discussion board assignments.
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Questions A1 and A2 asked whether students would like to use online HW platforms
or discussion boards in their future math classes respectively. The agreement level to
these components were not significantly different (= 4.27 and p = 3.94, respectively).

3.3  Ranking of course components in Fall 20

When students were asked whether or not a given component helped them to learn the
material (H1, H2, H4 and H5), the response to practice on online HW platforms had the
highest mean of u = 4.49, which was followed by video lessons p =4.32, discussion board
review assignments L =4.23 and virtual meetings pu=4.21. However, the differences were
not significant at the 0.05 level. Since the responses showed agreement for each compo-
nent, we conclude that students benefited from all four components on an equal bases.

The results were slightly different when students were asked whether they would
like to use a given component in their future math classes (Al, A2, A3 and A4). We
found that the mean responses to practice on online HW platforms (n = 4.58) and video
lessons (1 = 4.51) were significantly higher (p-value < 0.012) than the mean responses
to discussion board assignments (i = 4.00) and virtual meetings (u = 4.04). Students
agreed that they would like to use online HW platforms and video lessons more.

3.4  Combined results on each component

When the responses to the question how much students benefited from online HW
platforms (H1) compared, no significant differences are found from Fall 19 semester to
Fall 20 semester. Students agreed at the end of each semester that they benefited from
the platforms on an equal bases. However, when the question whether they would like
to use them again in their future math classes (A1) are compared, an increase in the
mean of responses is observed. The mean of responses to this questions significantly
increased from p = 3.94 in Fall 19 to p = 4.58 in Fall 20 with p-value = 0.020.

Students’ agreement level to whether they benefited from discussion board assign-
ments (H2) or whether they would like to use them again in their future studies (A2)
did not show any significant change over the three semesters. Similarly, their response
to whether they benefited from virtual meetings (H4) did not change significantly from
Spring 20 to Fall 20 semester (i = 3.90 and p = 4.21, respectively). And their response
to whether they benefited from video lessons (HS) also stayed same on average from
Fall 19 to Fall 20 (un=4.11 and p = 4.32, respectively).

When we compare the responses to Question H3 in Fall 19 and Spring 20 semes-
ters, we see that the mean response decreased significantly from p = 4.67 to p = 4.32
with p-value = 0.042. We conclude that benefits of face-to-face meetings were more
appreciated when the class was hybrid. After transition to fully online instruction, this
appreciation level decreased.

3.5 Students’ comments

The last question in the survey was an open-ended question which was stated as “Do
you have any other comments or suggestions to improve how this course is taught?”
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Some of the responses included only appreciation of how the course was taught, some
of the questions included positive comments together with some further suggestions
and some of the comments included only suggestions or criticism. We categorize these
questions as “full appreciation”, “positive with suggestions” and “suggestions and
criticism” and provide the number and percentage of each type of responses in Table 3.
Some students only responded with a “No”, “No comment”, or similar statements. We
categorize them as “No response” and do not include them when finding the response
rate in Table 3.

The total response rate to the open-ended question has not changed significantly
over the three semesters. Percentage of responses with suggestions including positive
components and responses with only suggestions and criticism did not also show any
significant difference over the three semesters. However, the responses that stated full
appreciation increased significantly (p-value = 0.048) from 6% in Fall 19 to 19% in
Fall 20.

Table 3. Number and percentage of students’ categorized comments received
in the End of Semester Surveys

Fall 19 (n =18) Spring 20 (n =32) Fall 20 (n = 47)
n % n % n Y
Full appreciation 1 6% 3 9% 9 19%
Positive with 1 6% 2 6% 2 4%
suggestions
Suggestions and 4 22% 5 16% 8 17%
criticism
Total 6 33% 10 31% 19 40%
responses

The suggestions received from students mostly varied and did not focus on a specific
component. The general themes were suggestions to how the meetings (face-to-face or
virtual) were utilized, the amount of tutorials, examples or resources provided or other
rules of the classes. We share here students’ comments on similar themes that appeared
more than once during the three semesters.

In Fall 19 semester, we received two comments that emphasized the benefit of face-
to-face meetings. These are “Lecture in class is way much better, but in some cases
the videos online help” and “Topics that aren't covered in class and were only given
through lecture videos should be addressed in class at a later time”. Both comments
showed students’ preference in learning materials during face-to-face meetings.

In Spring 20 semester, there were two similar comments that focused on the assign-
ments through online HW platforms. These were “I learned a lot through MyOpen-
Math” and “I think MyOpenMath videos under each question helped me a lot more
than discussion board”. Both comments showed students benefited from the online
HW platforms.

Lastly, in Fall 20 semester, the two comments that were on similar themes were about
the recordings of the virtual class meetings. Students commented that the virtual meet-
ings should be recorded and the recordings should be provided to students-although
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they were being recorded and shared with students. One take home message from these
comments is the direct conclusion that students would like to refer to the recording
afterwards. And the second and less explicit conclusion is that instructors should make
sure that students are aware of the available resources and are confident in using the
LMS for assessing virtual class recordings and other resources.

4 Conclusions and discussion

When the classes were taught partially online, and face-to-face meetings were part
of the course structure (Fall 19), students preferred this component over the other
(online, asynchronous) components. They stated that they benefited most from face-
to-face meetings. When we look at their preferences during Spring 20, we see that they
benefited more from face-to-face meetings and online HW platforms compared to other
components including virtual meetings. Although student participation in face-to-face
and virtual meetings did not differ, they stated more benefit from face-to-face meetings
than virtual meetings. The benefit they received from the online HW platforms was also
more than the benefit of virtual classes.

A common practice that has been used in all levels of education since the transition
to online education due to Covid-19 was to offer virtual meetings instead of face-to-
face meetings. The idea was to deliver the course content during virtual meetings and
the expectation was that virtual meetings would replace face-to-face meetings. How-
ever, we found that the virtual meetings did not help as much as face-to-face meetings.
Instead, assignments through online HW platforms were preferred among students
compared to virtual meetings.

We found that students expressed equal benefit from all components of the course
in Fall 20, while stating that they would like to use online HW platforms and video
lessons more in their future math classes. Comparing this finding with the students’
preferences in Fall 19 (face-to-face meetings) and Spring 20 (face-to-face meetings and
online HW platforms) we understand that students preferences changed over time, in a
way that reflects their adjustment to online teaching, as they start utilizing the asynchro-
nous components more and taking advantage from all components of the course on an
equal basis. This also reflects a shift in students’ preference from instructor-led learning
through face-to-face meetings to self-paced, independent learning through asynchro-
nous components, such as online HW platforms.

A reasonable inference drawn from these results may be that students have learnt
how to utilize all components of online courses in the absence of face-to-face meet-
ings. Students’ habits and preferences changed with the effect of Covid-19. With the
increased use of video lessons, virtual meetings and discussion boards, students might
get used to know how to get maximum benefits from those resources and eventually
they might become more independent learners.

When we look at how much students benefited from online HW platforms during
the three semesters, we see no difference over time. However, we see a significant
increase in their willingness to use them again in their future classes. We can conclude
that students started taking more advantage from online HW platforms, which made
them prefer it in their future courses. On the other hand, their response to the benefits of
face-to-face meetings decreased significantly from Fall 19 to Spring 20. Students stated
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less benefit from face-to-face meetings. This could be due to student’s preference in the
environments where they can be active learners. Although instructors tried to replace
face-to-face meetings with virtual meetings, they are more inclined to switch to direct
lecturing during the latter [4]. Students could take more active roles during face-to-face
meetings, but it may not be possible to achieve this during virtual ones. Students could
be more active learners compared to their roles in virtual meetings, when they use online
HW platforms since they get feedback from the system after they solve a problem.

The conclusions we infer are also supported by students’ comments. We found sig-
nificant increase in students’ comments that showed full appreciation of how the course
was taught, from Fall 19 to Fall 20. This reflects students’ adjustment in online learning.
When only half of the course was taught online, students preferred to learn the subject
matter during face-to-face meetings and did not take full advantage of the online asyn-
chronous components of the course. However, in Fall 20, when the courses were taught
fully online, students’ expectations changed and they grew to be more responsible,
independent learners, which was reflected in comments that showed full appreciation
of the course. Common theme of comments received during Fall 19 and Spring 20 also
reflected the shift in students’ preferences, with face-to-face meetings and online HW
platforms being mentioned for their benefits in these semesters, respectively.

In this paper, our data and focus were on students’ preferences for different compo-
nents of an entry level mathematics course. We do not suggest that any specific com-
ponent is superior to another component of the course. Instead, our belief is that online
teaching should include as many variety of components as possible. The shift which
was observed in our students’ preferences from face-to-face learning to learning from
multiple components is a positive sign that students are learning to take full advantage
of components of online courses.

5 Limitations and future implications

The limitation with the findings we obtained from Spring 20 semester could be that
the transition to online teaching was unplanned for both students and instructors, and
happened in the middle of the semester. This is different than the Fall 19 and Fall 20
semesters, where students completed the semesters in the format that was promised to
them in the beginning of the semester. Since this was a mandatory change, and not a
preference, students’ satisfaction might have been affected from it.

This study analyzed the short-term effects of the transition to online teaching due
to Covid-19 pandemic. Our results indicated that students were able to utilize all com-
ponents of online instruction during the last semester of the study. More data has to
be collected in the future semesters to understand the long-term effects of this change.
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