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ABSTRACT

We analyze here the online and face-to-face teaching of mathematics and statistics at the university

level and compare the results of students from two courses of applied mathematics. We examine the

influence of online teaching on the performance of students with the help of grades from five consecutive

years. A questionnaire on satisfaction with online teaching was also administered to the students. We show

that online teaching has a positive impact on the successful results of students if we provide them with

video recordings created for all lectures and seminars. We present some opinions of students on this type

of teaching.
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INTRODUCTION

During the Covid-19 pandemic, schools in
many countries were forced to switch from tradi-
tional teaching to online teaching due to schools
closing. As probably at many universities all
around the world, and not only universities, we
asked ourselves the question of how to deal with
online teaching. The main aim of our study was
to find out how students react to online teaching,
how it affects their performance, how satisfied they
are and how they cope with the change in teaching.
Last but not least, the question arises as to whether
it would not be appropriate to include some posi-
tively evaluated elements of online education in
standard education as well.

LITERATURE REVIEW

While during the Covid-19 pandemic online
teaching and online education became a highly
relevant issue, online teaching is nothing new to
the world of education. There are a large number
of books and articles concerning online teaching
spanning a long period, as seen below. Conrad

(2004) contains reflections of instructors on their
first online teaching experiences; McShane (2004)
explores the integration of face-to-face and online
teaching, including the experiences of university
lecturers; Kim et al. (2005) showed the perceptions
of online learning, including its benefits, chal-
lenges, and suggestions that students found the
online experience valuable; and Ke (2010) exam-
ined online teaching, especially cognitive and
social presence for adult students, and concluded
that high social presence and self-disclosure of
teachers is required.

More recently, Quinn & Kennedy-Clark
(2015) studied the adoption of online lecturing for
improved learning in with the integration of video
lectures and students’ reactions to them. Kauffman
(2015) studied the predictive factors of student suc-
cess in and satisfaction with online learning and
identified particular characteristics that contribute
to online success versus failure while document-
ing that online teaching can lead to success if there
Is a good interaction between learner, instructor,
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and technology. McGee et al. (2017) examined the
experiences of online instructors. Bettinger and
Loeb (2017) researched the promises and pitfalls of
online education, listing and discussing positives
and negatives of online education. Rose (2018)
investigated the key attributes of effective online
teachers in New Zealand and Australia and recom-
mended avoiding a didactic approach, varying the
pedagogy, or the using productive failure. Yang et
al. (2018) discussed online collaboration in a large
university class that supported quality teaching,
focusing on blending of standard teaching with
online elements. Bauer (2019) researched translat-
ing a successful lecture into an online course and
provided a list of positives and negatives, claiming
that online teaching is not for everyone. Elsewhere,
Martin et al. (2019) evaluated faculty online teach-
ing practices, course design, assessment and
evaluation, and facilitation through instructor
interviews and their experiences.

Online university teaching in Rapanta et al.
(2020) may serve as the most recent source of
information and educational advice concern-
ing online teaching. They interviewed experts on
online teaching. The advantages, limitations, and
recommendations of online learning in Pakistan
at a medical university are discussed in Mukhtar
et al. (2020), who recommended reduced cogni-
tive lead and increased interactivities. Jesuiya and
Priyadarshani (2020) inspected the impact of the
online teaching and the learning process in Sri
Lanka and showed that 85% of students are satis-
fied with online learning but 50% have technical
problems. Aduba and Mayowa-Adebara (2020)
evaluated online platforms used for teaching and
learning and recommended the use of social media
platforms. Jayara (2020) researched the advantages
and disadvantages of online teaching in medical
education. Langford and Damsa (2020) discussed
online teaching in Norway and included experi-
ence and advice.

Further, Hodges et al. (2020) was concerned
with the difference between emergency remote
teaching and online learning, Giatman et al. (2020)
showed that online learning quality control in
Indonesia were necessary to improve the techno-
logical approach to education, increase the quality
of instructional learning, and provide credit subsi-
dies for students.; Konig et al. (2020), emphasized
that for successfully adapting to online teaching,

the IT competencies of teachers are instrumental.
The challenges and innovations of online teaching
are discussed in Zhu et al. (2020). They showed
that online learning is a good substitute for face-
to-face learning. Chen et al. (2020) also analyzed
user satisfaction with online education platforms
in China. Darby (2019) discussed methods on how
to be a better online teacher. Lazarevic and Bentz
(2020) studied student perception and the impact
of stress in online and face-to-face learning at a
university in the USA.

Then there are articles dealing with lecture
capture contribution to the development of a com-
munity of inquiry in online learning. Wood et al.
(2021) found there is no substantial increase in
cognitive, social, or teaching presence for online
students. Jiang et al. (2021) discussed tips and
practices for teaching medical students online,
and Garcia-Pefialvo et al. (2021) made recommen-
dations for mandatory online assessments. Wang
et al. (2021) provided strategies for online teach-
ers transitioning to online teaching. Mittal et al.
(2021) compared two teacher surveys with a time
gap between them to present a unified perspective
on the adoption of online teaching. McCarthy et
al. (2021) evaluated transitioning to online teach-
ing through a phenomenological analysis of social
work educator perspectives by providing inter-
views with instructors from various schools across
the United States. Modality motivation, selection
effects, and motivational differences in students
who take courses online, including demographics,
were studied in McPartlan et al. (2021).

Mahmood (2021) presented instructional strat-
egies for online teaching, while Ansari et al. (2021)
examined the perception of online teaching and
learning among health sciences students in Saudi
Arabia and Morreale et al. (2021) discussed online
teaching challenges and opportunities. Gobbi and
Rovea (2020) critically analyzed online teach-
ing and did not recommend it for the near future.
Musunuru et al. (2021) used randomized controlled
studies to compare traditional lectures versus
online modules at a biochemistry course, which
showed no difference in students’ performance
whether online sessions or prerecorded videos
were used.

There were already several similar studies of
evaluations of student preferences concerning com-
parison of online and face-to-face teaching or just
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online teaching, such as Oliver (2000). Mahoney
et al. (2005) assessed the design and evaluation
of an online teaching strategy in an undergradu-
ate psychiatric nursing course while Harrington
and Reasons (2005) considered online student
evaluation of teaching for distance education, and
Gamliel and Davidovitz (2005) surveyed online
versus traditional teaching evaluation in online
education.

The future of online teaching and learning in
higher education is discussed in Kim and Bonk
(2006), including the experiences of teachers
and administrators. Siebert et al. (2006) evalu-
ated teaching clinical social work skills primarily
online, and students reported increased skills when
studying online but course scores are similar. A
comparative analysis by Rovai et al. (2006) of stu-
dent evaluations of teaching over four academic
years in the virtual and traditional classrooms
found more negative perceptions of students
towards online courses. The development and vali-
dation of the student evaluation of online teaching
effectiveness are researched in Bangert (2008).
Khorsandi et al. (2012) explored online versus tra-
ditional teaching evaluation in a cross-sectional
study, and Weng et al. (2014) analyzed the theory
of planned behavior and online learning teaching
evaluation in Taiwan.

More recently there are student learning evalua-
tions during the pandemic, such as Lee et al. (2021),
which showed that students coped well with the
transition to online leaning; Walker and Koralesky
(2021) studied student and instructor perceptions of
engagement, and behavioral responses and cogni-
tive components, after the rapid online transition
of teaching at a Canadian university; and Maison
et al. (2021) explored perceptions, attitudes, and
student awareness in working on online tasks and
showed that students were able to adapt much bet-
ter than expected.

BACKGROUND

In our article we focus on two courses of applied
mathematics, probability, and statistics (hereinaf-
ter referred to as M1 and M2) taught online using
distance learning due to the Covid-19 pandemic
during the 2020/21 winter semester at the Faculty
of Business and Economics at Mendel University
in Brno. Each course was taught by a different
lecturer (the two coauthors of this paper). The M1

course dealt with differential and integral calculus
and linear algebra, the M2 course followed up on
the previous course and covered infinite series, dif-
ferential equations, and the basics of probability
and statistics. Both courses are taught for the bach-
elor’s degree, the M1 course in the 1st year and the
M2 course in the 2nd year of study.

In both courses, we used Microsoft Teams
to keep students connected in the virtual class-
room. Students were provided with presentations
of lectures and seminars, which contained the rel-
evant theory together with explanatory examples.
M1 course presentations were created using the
Beamer LaTeX document class; PowerPoint was
used for M2 course presentations. The teacher
commented on the presentations with verbal
explanations. For students to be able to see the pro-
cedure for solving examples step-by-step on their
computer, the teachers used a Wacom graphics tab-
let and software that enables graphical work with
the whiteboard, which in our case was Microsoft
OneNote for creating notes, which helped us com-
municate with students and illustrate the methods.
However, the online teaching of the M1 and M2
courses took place in different ways.

The M1 course was taught through MS
Teams directly, exactly at the time scheduled,
i.e., synchronously. The teacher shared his lecture
presentations with the connected students on the
screen using Microsoft OneNote and commented
on them verbally, writing any comments needed
via a tablet in a window next to the presentation.
During the exercises, the teacher calculated the
examples, wrote down their procedure with a pen
on the OneNote form, commented on the individ-
ual steps, and used different colors and thicknesses
of the pen to emphasize the text. At the same time,
he continuously asked students about partial steps
and intermediate results during the calculation. All
these online lectures and seminar meetings were
recorded in the MS Teams platform. The videos
were then saved in the MS Teams channel of the
ongoing course to help students review, under-
stand more, and remember the presented material.
During the online meetings students could ask
questions about the issues being discussed.

The online teaching of the M2 course took
place asynchronously, in which all the lectures and
seminars were recorded in advance. The teacher
used OBS Studio (Open Broadcaster Software)
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to create videos as well as a graphics tablet and
Microsoft OneNote. He wrote notes in his presen-
tations, directly solved examples, and commented
on everything by speaking, the sound also being
recorded. The videos created in this way were
made available to students for download on the
MS Teams platform. Then students watched these
video recordings at the scheduled time or at any
other time they wanted. A consultation meeting
with the lecturer was held in MS Teams for each
lecture and each seminar, so the students could
discuss with the teacher what they learned from
the recorded materials and ask him about anything
they didn’t understand in the videos. In addition,
students could replay the recordings as many times
as they wished.

In both courses the tests and final exams were
performed through MS Teams meetings. For iden-
tification and supervision, the students needed
active cameras and microphones suitably set up, so
the cameras captured their faces, writing boards,
and the monitors of their computers. Students
received test assignments or exams by email just
before the start (for the M2 course) or the assign-
ment was shared directly on the screen (for the M1
course). Teachers watched students on the screen
during the exam and could see if they were cheat-
ing. Then the students uploaded photocopies of
their work in the form of PDF files to the submis-
sion pane for correction by teacher.

It should be noted that during offline teaching
both mathematics courses were taught in the tradi-
tional face-to-face way. The lecturers showed the
same presentations as online teaching and these
were commented on and supplemented by solved
examples. The examples related to the previous
lecture were solved in the seminars. Students were
encouraged to go to the board to solve a given
example. Any errors by the student were corrected
and commented on by the teacher, who also briefly
explained the procedure necessary for the calcu-
lation at the beginning of the exercise. Written
work for tests and exams took place in face-to-face
teaching exclusively in writing.

MATERIAL AND METHODS

These two courses were delivered by us for
at least five academic years in a relatively stable
form and their content changed only slightly dur-
ing that time. Thus, we were able to collect student

grades of these five consecutive years and use them
for our computations. It should be emphasized that
both courses were held online only in the 2020/21
academic year and in normal face-to-face form for
the previous four years.

In our research we collected the final grades
of students from both courses, which are normally
named A to F, but for computation we numbered
them 1 to 6, respectively. An F, or 6, mark means
the student failed the exam.

The FF index was computed as

number of all F grades
FF =100 -

number of students

For our regression model the significance
level was set to 5% and Statistica software used
for statistical computation and Excel software
for drawing regression graphs. The data used in
this article were collected by us. We analyzed the
grades of the two courses mentioned above over
five consecutive academic years, starting with
2016/17 up to 2020/21.

Also, we sent a questionnaire to the students
at the end of the online courses in the 2020/21win-
ter semester, from which answers were gathered.
The purpose of the questionnaire was to find the
opinions of students on the form of online teach-
ing. For the same reason, the answers from student
evaluations of both courses, which are performed
regularly every semester throughout the university,
were also analyzed in 2020/21.

RESULTS

Comparison of Students Final Grades

The total number of students who completed
both courses was 440 (288 for M1 and 152 for M2)
over a period of five years. In the end, most stu-
dents received D or E grades. The minimum level
for successful final evaluations of both courses was
changed and increased from 50% to 60% due to
faculty regulations in the 2020/21 winter semester.
Concerning the M1, course and unlike previous
years, not only did the level of minimum success-
ful evaluation increase but also other activities
such as homework, an individual project, and a test
that may have been included in the final evaluation.
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Despite this fact, student performance was better
in the online form of teaching than traditional.

The grades of students were recomputed as
averages, as seen in Tables 1 and 2. In these tables,
only those students were included who fulfilled all
conditions for the final exam and were able to sit
the exam, i.e., students with a successfully passed
test during the semester (test results over 50%).
There were also a number of other students who
were not accepted for the exams, since they did not
meet all the requirements.

Table 1. Average M1 Grades over Five Years

M1 A B C D E F
2016/17 6.87 1034 1379 1379 3793 1124
2017/18 5.56 nn 16.67 3333 1M 2222
2018/19 13.79 13.79 1379 1034 4483 345
2019/20 9.52 9.52 9.52 952 5238  9.52
2020/21 4.35 0 19.57 1957 3913  17.39

Table 2. Average M2 Grades over Five Years

M2 A B c D E F
2016/17 5.56 0 i 3333 3989 1M
201718 1nn 5.56 556 3333 2178  16.67
2018/19 0 1333 1333 3333 3333  6.67
2019/20 10 ) 0 30 25 30

2020/21 3.57 3.57 25 2143 3214 14.29

We analyzed student success in exams for the
selected five years, as seen in Table 3, with one
column for M1, and another for M2. There is a
weighted average of grades for the first column,
Average Grade. The next column shows the per-
centage of students who were successful in exams,
meaning their final grade was A to E (1 to 5). There

were 206 such students for both groups (123 in M1
and 83 in M2). The next column (Not Admitted)
contains the percentage of students who did not
meet the conditions required for admission to the
exams. The last column shows the index that indi-
cates how often students resat exams, recomputed
on averages (a higher number means more frequent
resits). From these data we see that in general M2
course students resat their exams more often than
Mistudents. In particular, for both courses students
resat the exams more often during the online form
of learning in the 2020/21 academic year.

There is an interesting result in that for all those
years and for both courses the final grade was still
around a 4 (or D). Moreover, it can be seen that in
2020/21, which was held online, students achieved
somewhat better results than in the other four
years, meaning that not just grades but both admis-
sion to the exams and success in the exams were
up. The results of both courses taught online are
similar, although the teaching took place in a dif-
ferent way. Also, the success of M2 students was
higher than those of M1, which is probably because
M1 students were in their first year of study and
in the M2 course there were only selected students
who had successfully completed the previous M1
course, and they were already more experienced
students in terms of their university studies.

In Table 4 there are similar trends to Table 3
but recomputed as weighted averages for both
courses together.

Figures 1-3 show graphs for final exam success
by year with the linear trend for M1 (see Figure
1), for M2 (see Figure 2), and for both courses (see
Figure 3).

We computed the regression lines using
Statistica software, which are drawn on all three

Table 3. A Comparison of Average Grades, Exam Success, Not Admitted to Exams, and Exams Repeated for M1and M2

M1 M2
Average Exam Exams Average
Grade Success Not Admitted Repeated Grade ExamSuccess NotAdmitted Exams Repeated
2016/17 47 38.1 53.26 31.09 4.33 51.61 41.94 61.29
201718 4 31.81 59.09 38.64 an 48.39 41.94 38.7
2018/19 3.69 47.46 50.85 30.5 4.07 58.33 315 315
2019/20 412 36.54 59.62 32.69 4.45 43.75 315 75.0
2020/21 4.4 53.52 35.21 60.56 418 70.59 17.65 82.35
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Table 4. Average Grades, Success, Nonadmission
to Exams, Exam Resits for both Course

Average  Exam Not Exams
M1+M2 Grade  Success Admitted Repeated
2016/17 4.23 43.01 49.46 4516
201718 4.06 38.67 52 38.67
2018/19 3.82 50.6 46.99 32.53
2019/20 4.29 39.29 5119 48.8
2020/ 4.32 59.04 29.52 67.61
Figure 1. Graph Success by Year for M1with Linear
Trend; Regression Line 3.435*x-6890.222
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Figure 2. Graph Success by Year for M2 with Linear
Trend; Regression Line 3.332*x-6669.442
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figures (with the relevant formulae) and are rising
for all three cases. The coefficients of the regres-
sion lines are positive in the range of 3.268-3.435.
Figure 4 shows the linear trend for the previ-
ous four years, for which teaching had taken place
face-to-face and not online. The coefficient of this

Figure 3. Graph Success by Year for both M1and M2 with
Linear Trend; Regression Line 3.268*x-6548.702
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regression line is 0.077, which is close to zero; this
linear trend is therefore almost constant. Comparing
Figure 3 and Figure 4 shows how strong the influ-
ence of online teaching was on the performance of
students in Year 5. It is interesting that this shows an
improvement and not a deterioration. It is quite obvi-
ous that the results would be very similar for Figure
1 and Figure 2 without having to provide a graph for
the previous four years for each.

Figure 4. Graph Success by Year for both M1and M2 for the Previous
Four Years with Linear Trend; Regression Line 0.077x-112.455
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Results of the Questionnaire

At the end of the 2020/21 winter semes-
ter we developed a questionnaire concerning
online teaching, which students of both courses
could answer voluntarily. Almost 55% of the stu-
dents who took part in exams responded to the
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questionnaire, with 54% of respondents answer-
ing for M1 and 46% for M2. In terms of gender,
the vast majority of students in these subjects were
men. The questionnaire consisted of 20 questions,
half of which had multiple-choice answers, with
students writing their answers to the remaining
open-ended questions. The questionnaire included
questions concerning students’ views on the online
teaching of both subjects, an evaluation of the gen-
eral advantages and disadvantages of this form of
teaching, its comparison with traditional contact
teaching, and also whether online mathematics
teaching is appropriate for this subject. In addition
to their opinions on the teaching, the students were
also asked to assess the online exam.

Figure 5. Which Type of Teaching Do You Prefer?

= face-to-face = online - combination of both

From the results obtained from the ques-
tionnaire, most of the students did not prefer
face-to-face teaching to online teaching, as 40%
of students preferred online learning and 34% pre-
ferred face-to-face learning (see Figure 5) and did
not find a significant difference between these two
forms of teaching. A total of 49% of students con-
sidered online teaching to be a complete substitute
for face-to-face teaching and 37% considered it a
partial substitute, as shown in Figure 6.

As seen in Figure 7, many students did not care
about the online or face-to-face form of test or final
exam (43% of respondents). For 31% of students,
the online form of examination was more suitable
than the face-to-face examination, which was pre-
ferred by 23%. In online testing, students were most

Figure 6. Is Online Teaching Equivalent to Face-to-Face?

no;
14%

=yes =partly - no

stressed by possible technical problems, and indeed,
Figure 8 shows that 54% of students, more than
half, considered university teaching of mathematics
suitable online and 31% considered this method par-
tially suitable, although mathematics is one of those
subjects for which self-study is quite difficult.

Fiqure 7. Test and Written Exam are More Suitable for Me

= online = face-to-face = no matter - no opinion

Furthermore, students believed the main
advantages of online teaching to be the conve-
nience of viewing lessons from home, saving time
not travelling to school, and flexibility of when
to access the class. The main advantage was the
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Figure 8. Is Online Teaching Suitable for Mathematics?

no opinion

=yes =partly =no

availability of video recordings of all the lectures
and seminars, which allowed students to replay
them several times. They could stop the recordings
and watch them again for better understanding.
This possibility to repeat playback basically sub-
stituted for the absence of direct contact with the
teacher. In the opinion of one of the respondents:
“The main advantage is, in my opinion, that if you
do not understand the material it is not necessary
to arrange a consultation, but you can simply watch
the video again, and in most cases that is enough
to understand the material,” or “It is possible to
repeatedly watch a lecture or exercise, which is
invaluable; this cannot be done during face-to-face
teaching.”

According to the answers of the respondents, it
did not matter whether the video recordings were
made directly during the class meetings in the
MS Teams platform or were created in advance.
Prerecorded videos with the possibility of online
consultations were appreciated by 51% of respon-
dents, and online teaching at the same time as
the scheduled recording was preferred by 46% of
respondents, which are comparably sized groups.
The greater popularity of prerecorded videos may
be a result of the feeling of greater freedom in
education and the possibility of organizing more
self-study according to one’s needs. Students
also positively evaluated other learning materi-
als provided, such as texts of lectures and solved
examples from seminars. Overall, online teaching

was evaluated positively and nearly 86% of stu-
dents rated this form of teaching with a 1 or 2
(A or B). Only two respondents rated it as insuf-
ficient with a 6 (F).

On the other hand, students also mentioned
the following disadvantages: a lack of contact
with the teacher, the limited possibility of com-
munication, lower concentration and maintaining
attention, lower motivation when studying at
home, and missing their social contacts with
classmates. For example, “In online teaching, I
was not so motivated to be at lectures and semi-
nars, | was just looking at the recordings,” or “I
can’t bring myself to concentrate, 1 am less driven
by time, | postpone everything.” It was also
stated that students understand problems better
while calculating by themselves at the black-
board in class and they learn more continuously
in face-to-face teaching. Here are some of the
comments: “After all, at school you ask when you
don’t understand something, and when you go to
school, you also remember more, because at home
it’s harder to talk myself into staying at a lec-
ture and being focused,” and “There’s no contact
with the teacher, it’s such a psychic disconnec-
tion from school, you don’t feel like you’re there.”
During online teaching, the teacher does not get
to know the students personally and does not see
their strengths and weaknesses. The students also
mentioned technical problems with internet con-
nection and speed, poor computer performance,

Figure 9. Can Online Teaching Replace Face-to-Face Teaching?

no;

9%

=yes =partly - no
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low mobile phone battery, and the need to pur-
chase a webcam.

If students could choose the teaching method,
most of them would prefer the form of online
lectures and face-to-face seminars. One of the
respondents said: “I think it would be best to have
the lectures completely online and have the exer-
cises recorded, but also to hold them in person and
leave it to each student to choose the form that
suits him.”

In conclusion, 91% of students could imag-
ine that online teaching will someday completely
or partially replace face-to-face teaching at uni-
versities, and only three respondents answered
negatively (see Figure 9).

Comparing the answers of students with bet-
ter and worse exam results, students who did better
at the exam did not care about the form of test or
exam. They found it convenient to be at home dur-
ing lectures, seminars, tests or exams, and were
pleased with the time saved, which they would
normally need to go to or from school or be at
school itself. The other students with poor results
at exams preferred the online form of test or exam
but stated they found the limited communication
with the teacher inconvenient. They suffered from
low concentration and a lack of motivation during
online teaching, and they missed the work at the
blackboard in the classroom, through which they
believed they learned more.

In terms of courses where M1 is included at the
very beginning of the bachelor’s program, while
M2 is in the second year, it might be expected that
the more experienced M2 students of would prefer
online teaching and that, vice versa, M1 students
would prefer face-to-face teaching. However, the
results of the questionnaire show that students’
views on online teaching and its preferences, and
especially on the online teaching of mathematics,
were essentially similar in both groups.

We also analyzed both course evaluations from
the 2020/21 academic year, which provided us with
quite similar results to the aforementioned ques-
tionnaire. Students greatly appreciated the good
organization of both courses and especially the
video recordings of all lectures and seminars that
were available to them. Finally, from the teachers’
point of view, the students were somewhat passive
during online teaching. They communicated little
with teachers and if they did ask questions, it was

often only about the organization of the courses.

Analysis of the Obtained Data

For discussion there is the question of what
causes greater success in exams during the online
form of teaching of mathematics and statistics. As
the university evaluation and the questionnaire
showed, the recorded lectures and seminars had
a very positive influence on the performance of
students, even when such a form of teaching some-
how lacked the interactive methods, and especially
contact with lecturer, that are used in normal face-
to-face teaching.

The reason for better study results during
online teaching may be the fact that in the clas-
sic form of face-to-face teaching during a seminar,
only one student solves the example at the board,
while other students calculate the example alone
and check the progress with the board, and some
weaker students only wrote down the solution. If
a student skilled at math was calculating on the
whiteboard, the students saw the correct procedure,
but the weaker ones often did not understand the
methods. Although teachers tried to comment on
the solution of examples, weaker students were not
able to understand everything at once, nor could
they capture all the additional verbal explanations
in writing, let alone memorize it all.

The possibility to replay the recordings pro-
vided as many times as needed was a great
advantage compared with normal face-to-face
teaching and the students appreciated it. If a stu-
dent did not understand something while watching
the video, they could stop the video and go back
a few steps, then watch the solution again until
they understood it. Many students stated in the
questionnaire that it was thanks to the possibil-
ity of replaying the videos that they were able to
understand all the steps for solving the examples.
This had the effect that even students lacking the
good logical and abstract thinking necessary to
study mathematics gained knowledge and skills
by repeatedly watching the recordings, which they
could then use to prepare for the final tests and
exams. Although they spent more time watching
the videos than in face-to-face teaching, the result
was a better and deeper understanding of the sub-
ject matter. And this better success of students in
exams in online teaching was achieved despite the
increased evaluation scale.

On the other hand it should also be noted that
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during online testing it was very difficult to check
the students through the camera, so there was a
larger opportunity for students to use nonpermit-
ted techniques, such as cheating or breaking rules,
even when teachers did their best to prevent this.
Therefore, the possibility of cheating could also
have contributed to the better learning outcomes.

The question of how much influence the afore-
mentioned recordings or possible cheating had on
better results still remains open. But the results are
quite clear, since we provided an index of resits of
exams, which is higher during the online form of
teaching than for other years, which diminishes
to a certain extent the influence of cheating. The
raised minimal level of final successful evaluation
may have had some influence on the higher index
of resits of exams. The responses of the students
confirmed for us that even mathematics and statis-
tics, which are difficult subjects for self-study, can
be taught online.

DISCUSSION

According to our findings, the students valued
positively the prerecorded videos, as seen in Wood
et al. (2021), and coped with the transition to the
online form of study without profound problems, as
seen in Lee et al. (2021). They found online learning
a good substitute for classical face-to-face teaching,
as found in Zhu et al. (2020). Of course, our inves-
tigation shows that negative factors, such as stress,
technical problems, or missing social contact either
among students or between students and lecturer,
might also play a role, which is consistent with
Rovai et al. (2006). Some factors also depended on
the personality of students, especially students’ lack
of autonomy or the need for deeper leadership by a
lecturer, which in the case of online teaching may be
more difficult (Gobbi and Rovea, 2020).

The positives and negatives of both forms of
study were identified and similar to Aduba and
Mayowa-Adebara (2020), Giatman et al. (2020), and
Bettinger and Loeb (2017), so online teaching may
have a positive effect but is not suitable for very stu-
dent, as seen in Bauer (2019). This may be followed
by a deeper analysis concerning the demographics
of students, cf. McPartlan et al. (2021), or translat-
ing the method into other courses (Maison et al.,
2021; Mukhtar et al., 2020; or Musunuru, 2021), or
even enlarging the concept across more universities
(Ansari et al., 2021; or McCarthy et al., 2021).

CONCLUSION

Seeing the results and reactions of students in
the questionnaire or student evaluations of both
courses, we conclude that online teaching has a
positive effect on students’ performance where
video recordings are provided, although there are
some negatives also present. It would, of course, be
appropriate to expand this research to other math-
ematically oriented courses or to deal with online
teaching in the subjects of other disciplines that are
taught at our faculty and to compare these results
with each other. It would be also very interesting to
repeat this survey in the next academic year, when
we hope we return to face-to-face teaching, and
find out whether the trend we observed will return
to the norm of previous years.

The popularity of online teaching as shown by
the gquestionnaire results may be caused not only
by the possibility of repeated playback of videos,
which contributed to a better understanding of the
material, but also the factor of being at home, feel-
ing comfort, having freedom and time for further
activities, reduced stress when passing exams, etc.
This is despite the fact that online teaching is less
personal and more anonymous, and students miss
their social contacts.

Our study, together with a range of other stud-
ies, shows that students are able to adapt to online
teaching if there is a willingness to do so. Our
study shows that students coped well with online
teaching, were able to study even under these spe-
cial conditions, and that online teaching did not
bring any fundamental fluctuations in their per-
formance. A positive finding was that the students’
reactions and the overall data have shown that
online learning suits students to a certain extent,
and some of its elements, such as video prerecord-
ings and online lectures, would be particularly
beneficial for them in terms of time flexibility. On
the other hand, it is advisable to leave the semi-
nars in the standard face-to-face format, especially
for students who need closer guidance and greater
supervision by a teacher.

An appropriate combination of online teaching
and face-to-face teaching may become the reality
and foundation stone of teaching even for classic
universities sometime in the future, as the pan-
demic has showed us quite clearly.

The limits of this study are that it was carried
out only on two courses with a limited number of
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students; it would be appropriate to further expand
it to other courses, possibly also to a master’s
degree program.

DECLARATIONS

+ Funding—not applicable

* Conflicts of interest/Competing interests—
not applicable

+ Availability of data and material: https:/
uloz.to/tamhle/EhOYWR PgIKeT#!ZGZmMw
R2AGyyZTDOBGSyZwEzAQuvZyEyF2k+p
zgupRH4pQDmLt==

+ Code availability—not applicable

JOURNAL OF EDUCATORS ONLINE



References

Aduba, D. E., & Mayowa-Adebara, O. (2020). Online platforms
used for teaching and learning during the COVID-19 era:
The Case of LIS Students in Delta State University, Abraka.
International Information & Library Review, 54(1), 17-3a.
https://doi.org/10.1080/10572317.2020.1869903

Ansari, K. A, Farooqi, F, Khan, S. Q., Alhareky, M., Trinidad, A.
C., Abidi, T., & Muzaheed, M. (2021). Perception on online
teaching and learning among health sciences students in
higher education institutions during the COVID-19 lockdown—
Ways to improve teaching and learning in Saudi colleges and
universities. FL000Research, 10, 177. https://doi.org/10.12688/
f1000research.28178.1

Bangert, A. W. (2008). The development and validation of
the student evaluation of online teaching effectiveness.
Computers in the Schools, 25(1-2), 25-47. https://doi.
0rg/10.1080/07380560802157717

Bauer, M. (2019). Translating a successful lecture into online
course content-experiences of a control engineering lecturer.
IFAC-PapersOnLine, 52(9), 272-277. https://doi.org/10.1016/].
ifacol.2019.08.220

Bettinger, E., & Loeb, S. (2017, June 9). Promises and pitfalls
of online education. Evidence Speaks Reports, 2(15), 1-4.
https://www.brookings.edu/research/promises-and-pitfalls-of-
online-education/

Chen, T., Peng, L., Yin, X., Rong, J., Yang, J., & Cong, G. (2020).
Analysis of user satisfaction with online education platforms in
China during the COVID-19 pandemic. Healthcare, 8(3), 200.
https://doi.org/10.3390/healthcare8030200

Conrad, D. (2004). University instructors’ reflections on
their first online teaching experiences. Journal of
Asynchronous Learning Networks, 8(2), 31-44. https://ol;.
onlinelearningconsortium.org/index.php/olj/article/view/1826

Darby, F. (2019, April 17). How to be a better online teacher. The
Chronicle of Higher Education. https://www.chronicle.com/
article/how-to-be-a-better-online-teacher/

Gamliel, E., & Davidovitz, L. (2005). Online versus traditional
teaching evaluation: Mode can matter. Assessment &
Evaluation in Higher Education, 30(6), 581-592. https://doi.
0rg/10.1080/02602930500260647

Garcia-Pefialvo, F. J., Corell, A., Abella-Garcia, V., & Grande-
de-Prado, M. (2021). Recommendations for mandatory
online assessment in higher education during the COVID-19
pandemic. In D. Burgos, A. Tlili, & A. Tabacco, (Eds.), Radical
solutions for education in a crisis context (pp. 85-98).
Springer. https://doi.org/10.1007/978-981-15-7869-4 6

Giatman, M., Siswati, S., & Basri, I. Y. (2020). Online learning

quality control in the pandemic Covid-19 era in Indonesia.
Journal of Nonformal Education, 6(2), 168-175. https://doi.
0rg/10.15294/jne v6i2.25594

Gobbi, A., & Rovea, F. (2020). Distance teaching and teaching
‘as’ distance. A critical reading of online teaching instruments
during and after the pandemic. Teoria de la Educacion.
Revista Interuniversitaria, 33(1), 71-87. https://doi.
0rg/10.14201/teri.23451

Harrington, C. F., & Reasons, S. G. (2005). Online student
evaluation of teaching for distance education: A perfect
match. The Journal of Educators Online, 2(1), 1-12. https:/
doi.org/10.9743/JEO.2005.1.4

Hodges, C., Moore, S., Lockee, B., Trust, T., & Bond, A. (2020,
March 27). The difference between emergency remote
teaching and online learning. EDUCAUSE Review, 27, 1-12.
https:/ler.educause.edu/articles/2020/3/the-difference-
between-emergency-remote-teaching-and-online-learning

Jayara, S. (2020). The advantages and disadvantages of online
teaching in medical education. Journal of Medical Evidence,
1(2), 144-146. https://doi.org/10.4103/JIME.JME_159_20

Jesuiya, D., & Priyadarshani, H. D. C. (2020). Impact on online
teaching learning process during Covid-19: With reference
to faculty of education, the open university of Sri Lanka.

In 7th International Symposium—2020. Faculty of Islamic
Studies and Arabic Language, South Eastern University of Sri
Lanka, Oluvil, Sri Lanka (pp. 724-731). http://ir.lib.seu.ac.lk/
handle/123456789/5137

Jiang, Z., Wu, H., Cheng, H., Wang, W., Xie, A. N., & Fitzgerald,
S. R. (2021). Twelve tips for teaching medical students online
under COVID-19. Medical Education Online, 26(1), 1854066.
https://doi.org/10.1080/10872981.2020.1854066

Kauffman, H. (2015). A review of predictive factors of student
success in and satisfaction with online learning. Research in
Learning Technology, 23. https://doi.org/10.3402/rltv23.26507

Ke, F. (2010). Examining online teaching, cognitive, and social
presence for adult students. Computers & Education, 55(2),
808-820. https://doi.org/10.1016/.compedu.2010.03.013

Khorsandi, M., Kobra, A., Ghobadzadeh, M., Kalantari,

M., & Seifei, M. (2012). Online vs. traditional teaching
evaluation: A cross-sectional study. Procedia—Social and
Behavioral Sciences, 46, 481-483. https://doi.org/10.1016/].
sbspro.2012.05.145

Kim, K. J., & Bonk, C. J. (2006, November 7). The future of online
teaching and learning in higher education: The survey says
..... EDUCAUSE Review, 29(4), 22-30. https://er.educause.
edu/articles/2006/11/the-future-of-online-teaching-and-
learning-in-higher-education-the-survey-says

Kim, K. J., Liu, S., & Bonk, C. J. (2005). Online MBA students’

JOURNAL OF EDUCATORS ONLINE



perceptions of online learning: Benefits, challenges, and
suggestions. The Internet and Higher Education, 8(4),
335-344. https://doi.org/10.1016/}.iheduc.2005.09.005

Konig, J., Jager-Biela, D. J., & Glutsch, N. (2020). Adapting to
online teaching during COVID-19 school closure: Teacher
education and teacher competence effects among early
career teachers in Germany. European Journal of Teacher
Education, 43(4), 608-622. https://doi.org/10.1080/02619768.
2020.1809650

Langford, M., & Damsa, C. (2020). Online teaching in the time of
COVID-19: Academic teachers’ experience in Norway. Centre
for Experiential Legal Learning (CELL), University of Oslo,
2020/2.

Lazarevic, B., & Bentz, D. (2020). Student perception of stress in
online and face-to-face learning: The exploration of stress
determinants. American Journal of Distance Education, 35(1),
2-15. https://doi.org/10.1080/08923647.2020.1748491

Lee, K., Fanguy, M., Lu, X. S., & Bligh, B. (2021). Student learning
during COVID-19: It was not as bad as we feared. Distance
Education, 42(1), 164-172. https://doi.org/10.1080/01587919.
2020.1869529

Mahmood, S. (2021). Instructional strategies for online teaching
in COVIDI19 pandemic. Human Behavior and Emerging
Technologies, 3(1), 199-203. https://doi.org/10.1002/hbe2.218

Mahoney, J. S., Marfurt, S., daCunha, M., & Engebretson, J.
(2005). Design and evaluation of an online teaching strategy
in an undergraduate psychiatric nursing course. Archives of
Psychiatric Nursing, 19(6), 264-272. https://doi.org/10.1016/,.
apnu.2005.08.002

Maison, M., Kurniawan, D. A., & Anggraini, L. (2021). Perception,
attitude, and student awareness in working on online tasks
during the covid-19 pandemic. Jurnal Pendidikan Sains
Indonesia (Indonesian Journal of Science Education), 9(2),
108-118. https://doi.org/10.24815/jpsi.v9i1.18039

Martin, F,, Ritzhaupt, A., Kumar, S., & Budhrani, K. (2019). Award-
winning faculty online teaching practices: Course design,
assessment and evaluation, and facilitation. The Internet
and Higher Education, 42, 34-43. https://doi.org/10.1016/].
iheduc.2019.04.001

McCarthy, K. M., Glassburn, S. L., & Dennis, S. R. (2021).
Transitioning to online teaching: A phenomenological analysis
of social work educator perspectives. Social Work Education,
41(4), 641-659. https://doi.org/10.1080/02615479.2020.1869
206

McGee, P., Windes, D., & Torres, M. (2017). Experienced online
instructors: Beliefs and preferred supports regarding online
teaching. Journal of Computing in Higher Education, 29(2),
331-352. https://doi.org/10.1007/s12528-017-9140-6

McPartlan, P., Rutherford, T., Rodriguez, F., Shaffer, J. F, &
Holton, A. (2021). Modality motivation: Selection effects
and motivational differences in students who choose to
take courses online. The Internet and Higher Education, 49,
100793. https://doi.org/10.1016/j.iheduc.2021.100793

McShane, K. (2004). Integrating facelitolface and online
teaching: Academics’ role concept and teaching choices.
Teaching in Higher Education, 9(1), 3-16. https://doi.
0rg/10.1080/1356251032000155795

Mittal, A., Mantri, A., Tandon, U., & Dwivedi, Y. K. (2021). A unified
perspective on the adoption of online teaching in higher
education during the COVID-19 pandemic. Information
Discovery and Delivery, 50(2), 117-132. https://doi.
0rg/10.1108/IDD-09-2020-0114

Morreale, S. P, Thorpe, J., & Westwick, J. N. (2021). Online
teaching: Challenge or opportunity for communication
education scholars? Communication Education, 70(1),
117-119. https://doi.org/10.1080/03634523.2020.1811360

Mukhtar, K., Javed, K., Arooj, M., & Sethi, A. (2020). Advantages,
limitations and recommendations for online learning during
COVID-19 pandemic era. Pakistan Journal of Medical
Sciences, 36(COVID19-S4), S27. https://doi.org/10.12669/
pjms.36.COVID19-S4.2785

Musunuru, K., Machanda, Z. P, Qiao, L., & Anderson, W. J.
(2021). Randomized controlled studies comparing traditional
lectures versus online modules. bioRxiv. https://doi.
0rg/10.1101/2021.01.18.427113

Oliver, M. (2000). Evaluating online teaching and learning.
Information Services & Use, 20(2-3), 83-94. https://doi.
0rg/10.3233/I1SU-2000-202-304

Quinn, M., & Kennedy-Clark, S. (2015). Adopting online lecturing
for improved learning: A case study from teacher education.
Journal of University Teaching and Learning Practice, 12(3),
108-127. http://ro.uow.edu.au/jutlp/vol12/iss3/9/

Rapanta, C., Botturi, L., Goodyear, P., Guardia, L., & Koole,
M. (2020). Online university teaching during and after the
Covid-19 crisis: Refocusing teacher presence and learning
activity. Postdigital Science and Education, 2(3), 923-945.
https://doi.org/10.1007/s42438-020-00155-y

Rose, M. (2018). What are some key attributes of effective online
teachers? Journal of Open, Flexible and Distance Learning,
22(2), 32-48. https://search.informit.org/doi/10.3316/
informit.141206361011226

Rovai, A. P, Ponton, M. K., Derrick, M. G., & Davis, J. M. (2006).
Student evaluation of teaching in the virtual and traditional
classrooms: A comparative analysis. The Internet and
Higher Education, 9(1), 23-35. https://doi.org/10.1016/.
iheduc.2005.11.002

JOURNAL OF EDUCATORS ONLINE



Siebert, D. C., Siebert, C. F,, & Spaulding-Givens, J. (2006).
Teaching clinical social work skills primarily online: An
evaluation. Journal of Social Work Education, 42(2), 325-336.
https://doi.org/10.5175/JSWE.2006.200404103

Walker, K. A., & Koralesky, K. E. (2021). Student and instructor
perceptions of engagement after the rapid online transition of
teaching due to COVIDI19. Natural Sciences Education, 50(1).
https://doi.org/10.1002/nse2.20038

Wang, S., Bajwa, N. P, Tong, R., & Kelly, H. (2021). Transitioning
to online teaching. In D. Burgos, A. Tlili, & A. Tabacco
(Eds.), Radical solutions for education in a crisis context (pp.
177-188). Springer. https://doi.org/10.1007/978-981-15-7869-
412

Weng, C., Weng, A, & Tsai, K. (2014). Online teaching evaluation
for higher quality education: Strategies to increase
university students’ participation. Turkish Online Journal of
Educational Technology-TOJET, 13(4), 105-114. https://eric.
ed.gov/?id=EJ1043236

Wood, A. K., Symons, K., Falisse, J. B., Gray, H., & Mkony, A.
(2021). Can lecture capture contribute to the development of a
community of inquiry in online learning? Distance Education,
42(1), 126-144. https://doi.org/10.1080/01587919.2020.1869
521

Yang, N., Ghislandi, P., & Dellantonio, S. (2018). Online
collaboration in a large university class supports quality
teaching. Educational Technology Research and
Development, 66(3), 671-691. https://doi.org/10.1007/s11423-
017-9564-8

Zhu, G., Yu, X., Liu, Y., Yang, Y., & Xie, X. (2020). Challenges
and innovations in online teaching during the outbreak of
COVID-19 in China. In 2020 IEEE Frontiers in Education
Conference (FIE) (pp. 1-6). IEEE. https://doi.org/10.1109/
FIE44824.2020.9274272

JOURNAL OF EDUCATORS ONLINE



