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Although online teaching has been encouraged for many years, the COVID-19 pandemic
has promoted it on a large scale. During the COVID-19 pandemic, students at all levels
(college, secondary school, and elementary school) were unable to attend school. To
maintain student learning, most schools have adopted online teaching. Therefore, the
purpose of this study was to explore the design of online teaching activities and online
teaching processes adopted by teachers at all levels during the pandemic. Online
questionnaires were administered to teachers in Taiwan who had conducted online
teaching (including during the formal suspension of classes or simulation exercises)
due to the pandemic. According to a quantitative analysis and lag sequential analysis,
the instructional behaviors most frequently performed by teachers were roll calls, lectures
with a presentation screen, in-class task (assignment) allocation, and whole-class
synchronous video-/audio-based discussion. Thus, there were six common significant
sequential behaviors among teachers at all levels that were categorized into the four
instructional stages of identifying the teaching environment, teaching the class, discussing
and evaluating learning effectiveness. College teachers reminded students of some
matters first and then called the roll after the students went online. Secondary school
teachers were more likely to arrange practical or experimental courses and to use
synchronous and asynchronous interactive activities. Finally, elementary school
teachers were more likely to use homemade videos and share their screens for
teaching and to arrange a large variety of teaching interactions. The differences among
colleges, secondary schools, and elementary schools were identified, and suggestions
were made accordingly.

Keywords: COVID-19, e-learning, online teaching, lag sequential analysis (LSA), emergency remote education (ERE)

INTRODUCTION

Since 1990, Internet-based distance teaching has become a global trend, and software, hardware and
educational training have been evolving. Nouns related to e-learning, such as online learning,
distance teaching, digital learning, mobile learning and recent massive open online courses
(MOOCs), have shown a trend of learning via the Internet. However, despite active promotion
by governments, there are still many limitations to the online educational environment from
teaching and learning perspectives (Meskhi et al., 2019; Sadeghi, 2019), such as the support of the
administrative system, the establishment of a network bandwidth and teachers’ willingness to record
e-Learning materials.
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Since the first report of coronavirus disease 2019 (COVID-19)
in Wuhan (China) in December 2019, COVID-19 has rapidly
spread worldwide (Zhu et al., 2020). The World Health
Organization (WHO) declared a public health emergency of
international concern on January 30, 2020 and named the
disease COVID-19 on February 11, 2020. On March 11, 2020,
the WHO declared COVID-19 a global pandemic (Singhal, 2020;
World Health Organization, 2020).

Due to the respiratory illness caused by COVID-19, many
countries have suspended all types of face-to-face activities,
including in-person education. The COVID-19 pandemic has
forced many changes in most life domains to meet the
repercussions of the pandemic control measures, and the
education sector was no exception. In many countries,
colleges, secondary schools and elementary schools have
adopted the strategy of online education during the pandemic.
As a result, teachers and students have had to quickly alter their
teaching methods, regardless of whether they were experienced in
and prepared for online education. Because of this situation, a
proper term has appeared in the academic domain: emergency
remote education.

Online education-related studies and models have been
promoted for years (Sun and Chen, 2016). Before the COVID-
19 pandemic, most of these studies were focused on colleges,
while teachers and students in elementary and secondary schools
remained inexperienced in emergency remote education (Lestari
and Gunawan, 2020). For example, Taiwan has promoted digital
course certification at the university level for many years, and
universities have also supported teachers in recording e-learning
materials. Therefore, university teachers are more experienced in
online teaching. However, in primary and secondary schools,
digital teaching plays only a supplementary role. The pre-
epidemic model is for students to go to classrooms. Therefore,
teachers in primary and secondary schools have insufficient
experience in switching to online teaching.

In response to COVID-19, schools at all levels needed an
immediate shift towards online education, which can be both an
opportunity and a challenge (Toquero, 2020). Therefore, some
studies have been conducted to discuss emergency remote
education during the COVID-19 pandemic. For example,
Crawford et al. (2020) investigated 20 countries’ responses to
the COVID-19 epidemic. They pointed out that the response to
higher education is diverse, including nonresponse, campus
social isolation strategies, and rapid response to fully online
courses. Watermeyer et al. (2020) reported a survey from
1,148 academics working in universities in the
United Kingdom. They suggested that online migration is
engendering significant dysfunctionality and disturbance to
their pedagogical roles and their personal lives. Loima (2020)
compared socio educational policies and arguments in Sweden
and Finland during the COVID-19 pandemic. The results showed
that Swedish and Finnish policy obscured mandates and
restricted information. However, remote learning was
successful in epidemiologic and curricular senses in Finnish.
Basilaia and Kvavadze (2020) conducted a case study in
Georgia. The Google Meet platform was implemented for
online education with 950 students. The results indicated that

the quick transition to the online form of education went
successful and that gained experience can be used in the
future. Putra et al. (2020) visited 10 websites in Indonesia to
explore students’ learning experiences during the COVID-19
pandemic. The results showed that student hardship in
learning from home caused a lack of learning resources, such
as not accessing the Internet and parents’ ability to support their
children’s learning. In Cyprus, Souleles et al. (2020) believed that
e-learning is not an add-on to existing teaching and learning
practices and that disciplinary differences need to be considered.
The provision of hurriedly set up workshops to enhance the skill
gaps of teachers, although it is a necessary step, cannot replace the
need for sustained training in both the pedagogical and technical
areas. In Norway, Langford and Damsa (2020) discovered some
phenomena, such as the Zoom revolution, a significant level of
interactive online learning, innovations for involuntary teaching
reform, collegial competence building and self-help,
technological challenges and pedagogical insecurity. In Beijing,
when the outbreak prevented people from going to school, the
scholars of Peking University proposed the following five specific
teaching strategies for online education in pandemic
circumstances: 1) a high relevance between online
instructional design and student learning; 2) the effective
delivery of online instructional information; 3) adequate
support provided by faculty and teaching assistants to
students; 4) high-quality participation to improve the breadth
and depth of students’ learning; and 5) contingency plans to
address unexpected incidents on online education platforms
(Bao, 2020). In addition, many scholars in medical education
have explored the challenges and future of online education in
their own field. For example, Goh and Sandars (2020) indicated
that major changes have been taking place in global medical
education and that it is necessary to strengthen technological
innovation to maintain teaching; they proposed that the use of
artificial intelligence for adaptive learning and virtual reality
might be future trends in medical education.

In addition to the abovementioned studies on overall
education, there have been more studies that explore students’
opinions during emergency remote education. Abbasi et al.
(2020) reported that when students were unable to go to
school because of the epidemic, they did not like online
learning as much as face-to-face teaching. Thus, school
administrative departments and teachers should take the
necessary measures to improve online educational
environments. Based on a survey of 77 medical students in
their classroom situations, Agarwal and Kaushik (2020) argued
that students believed that online courses altered their normal
procedures, saved a large amount of time and made it easy for
them to obtain teaching materials. The main barriers to learning
were the number of participants and technical failures during
class conversations. Owusu-Fordjour et al. (2020) investigated
online learning among 214 college students and found that the
pandemic had a negative effect on their learning because many of
them were not used to learning effectively on their own. As most
of the students in this region could not access the Internet and
lacked the technical knowledge of Internet devices, the learning
platforms that were used also posed a challenge for them.
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Most of the above studies on students’ opinions focused on
college education because college students’ abilities for self-
regulated learning in online education are better than those of
primary and secondary students because of their age (Heo and
Han, 2018). However, when the pandemic began, all schools
faced the challenge of switching to emergency remote
education. Some studies have explored learning issues in
elementary and secondary schools during the outbreak. For
example, Sintema (2020) noted that Zambian primary and
secondary schools enabled teachers and students to have
classes via mobile phones and tablets by implementing
e-learning and smart revision portals while increasing the
number of mobile devices available for use. The study
found that these teaching and learning methods helped
teachers deliver teaching materials and students to be
capable of self-regulated learning during the pandemic. In
addition, Fauzi and Khusuma (2020) surveyed 45 elementary
school students and identified problems in implementing
online teaching, including 1) the availability of facilities, 2)
network and Internet usage, 3) the planning, implementation,
and evaluation of learning, and 4) collaboration with parents.
The authors expected that online learning would be helpful to
teachers during the COVID-19 pandemic, but their results
indicated poor outcomes of online learning, with 80% of
teachers reporting that they felt dissatisfied with online
education.

STUDY OBJECTIVES

According to the abovementioned studies on the COVID-19
pandemic, teachers and students were forced to conduct
online education regardless of their level of preparation for
it. Most of the recent studies have investigated students’
feelings about online education and learning effectiveness,
but there has been little discussion of teachers’ design of
teaching activities when they had to switch to online teaching
due to the pandemic. Accordingly, this study explored how
teachers designed their teaching activities when they
switched to online teaching due to the pandemic or how
they conducted online teaching in the form of exercises to
provide a reference for the future promotion of online
education. As a result, the first objective of this study is to
discuss teachers’ design of online teaching activity during the
COVID-19 pandemic.

Moreover, our knowledge of teachers’ online teaching activities is
based on online teaching activities in normal conditions. In addition,
teaching activity plans are sequential (Brown and Green, 2018). For
example, Gagne’s model of instructional design includes 1) gaining
attention, 2) informing the learner of the objective, 3) stimulating the
recall of prerequisite learning, 4) presenting the stimulus material, 5)
providing learning guidance, 6) eliciting the performance, 7) providing
feedback, 8) assessing the performance, and 9) enhancing retention
and transfer (Khadjooi et al. (2011). The second objective of this
study is to explore which activities were carried out first and
last and the order of teachers’ teaching activities. Thus, to
understand the teaching activities adopted by teachers during

the COVID-19 pandemic and the implementation of these
teaching activities, this study used a lag sequential analysis to
inform the discussion on this topic.

During the COVID-19 pandemic, students at all levels
(college, secondary school and elementary school) were
unable to attend school. Online teaching can continue to
maintain learning activities when everyone is not going out.
Therefore, to maintain students’ learning, most schools have
adopted online teaching. In addition, for students of different
ages, e.g., colleges, secondary schools and elementary schools,
the teaching behaviors taken by teachers will be different
(Kennan et al., 2018). Understanding how teachers engage
in online teaching behaviors at this emergency remote learning
time can serve as a reference for the future promotion of
e-learning. This study discusses teachers’ design of online
teaching activity at all levels during the pandemic. The
study explores the following two research questions:

(1) What are the online teaching activities adopted by teachers
due to the suspension of classroom teaching due to the
COVID-19 pandemic? and

(2) What are the similarities and differences among teachers
from colleges, secondary schools and elementary schools
in the design of their online teaching activity processes?

METHODS AND MATERIALS

Data Collection and Participants
This study mainly investigates teachers who had conducted
online education (including during the formal suspension of
classes and simulation exercises) because of the pandemic.
Convenience sampling was adopted. Although many courses
might have been changed to online teaching at the time that
the teachers answered the questions, the study questionnaire
asked about the teaching activity design of only one course.
Data were collected from May 20 to June 30, 2020, by using a
web-based questionnaire with a cross-sectional design. A total of
270 teachers answered the questionnaires, and 223 of the
responses were valid. There were 23 college teachers (10.3%),
51 secondary school teachers (22.9%) and 149 elementary school
teachers (66.8%).

Instrument
In this study, a questionnaire on online teaching activities was
developed based on the research purpose and some studies
(i.e., Nilson and Goodson, 2017; Trust and Pektas, 2018;
Sharoff, 2019). The questionnaire consisted of three major
parts, namely, basic data (sex male and female), age (below
30 years old, 31–40 years old, 41–50 years old, 51–60 years old
and over 61 years old), the served school (college or university,
middle or high school, and elementary school), the years of
teaching experience, online teaching experience (Were you
experienced in online teaching prior to the pandemic
(frequently, occasionally and never), Why did you conduct
online teaching? (already in use, class suspension due to
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medical diagnosis and simulation exercises), and in most cases,
which of the following methods do you choose for online
teaching?) and the teaching process (synchronous teaching,
asynchronous teaching and blended teaching). According to
the various online teaching platforms and systems used (e.g.,
Google Classroom, iCAN, iLMS, Microsoft Teams, Moodle,
Sunnet LMS, Adobe Connect, Cisco WebEx, CyberLink U
Meeting, Google Meet, Jitsi Meet, JoinNet, LINE Chat,
Zoom, YouTube Live broadcast, Facebook Live broadcast
and Zuvio), the teaching processes were analyzed,
summarized and then divided into the 4 categories of
teaching (A), learning interaction (B), learning effectiveness
(C) and others (D). After the online teaching activity
questionnaire was prepared, three experts in online college
education, one elementary school teacher, and one online
education administrator of the education agency were
invited to assist in the review of the questionnaire. The
survey questionnaire was refined according to the
suggestions received through the experts’ review. The
instructional behaviors that comprise the teaching process
are listed below.

A Teaching
A1 Lecturing–presentation screen.
A2 Lecturing–blackboard.
A3 Sharing a screen with computer software.
A4 Playing videos made by teachers.
A5 Playing videos made by others.
A6 Practical (experimental) demonstration.

B Learning Interaction
B1 Whole-class synchronous text-based discussion.
B2 Whole-class asynchronous text-based discussion.
B3 Whole-class synchronous video-/audio-based discussion.
B4 Whole-class asynchronous video-/audio-based discussion.
B5 Whole-group synchronous text-based discussion.
B6 Whole-group asynchronous text-based discussion.
B7 Whole-group synchronous video-/audio-based discussion.
B8 Whole-group asynchronous video-/audio-based discussion.
B9 Whole-class whiteboard interaction.
B10 Whole-group whiteboard interaction.
B11 Student self-practice.
B12 Operation by remote control.
B13 Data collection and collation.

C Learning Effectiveness
C1 In-class study experience.
C2 In-class task (assignment) allocation.
C3 In-class online test.
C4 In-class online questionnaire.
C5 In-class peer evaluation.
C6 In-class work submission.
C7 In-class assignment/work report.
C8 After-class study experience.
C9 After-class task (assignment) allocation.
C10 After-class online test.
C11 After-class online questionnaire.

C12 After-class peer evaluation/voting.
C13 After-class work submission.

D Others
D1 Roll call
D2 Inquiry about the status of hardware and software.
D3 Reminders of other noncourse matters.
D4 Others.

Data Analysis
In this study, descriptive statistics were used to analyze
the basic data, the online teaching experience and the first
research question. The second research question was analyzed
through a lag sequential analysis (Bakeman and Gottman,
1997). Lag sequential analysis (Bakeman and Gottman,
1997) is used not only to explore a continuous sequence of
behavioral coding categories (namely, an online teaching
process) in which an initial behavioral coding category is
followed by a subsequent category but also to visualize
behavioral patterns. Researchers have mainly applied this
method to the analysis of education issues. For example,
Lin et al. (2020) developed a scaffolding-based collaborative
problem-solving (CPS) learning environment to improve
students’ learning in CPS activities. According to the study
results, the learning performance was significantly better for
the scaffolding mind tool group than for the study sheet group,
and the scaffolding mind tool group showed more diverse
cognitive process transitions in their behavioral patterns.
Zarzour et al. (2020) investigated the behavioral patterns
of students by using eBooks on Facebook for learning.
The experimental results indicated significant behavioral
learning sequences and revealed that the behaviors of
liking, commenting, and sharing posts with peers showed
the most significant differences between the students with
higher and lower engagement. Wang and Liu (2020)
discussed teachers’ current online teaching and students’
interaction and collaborative knowledge construction.
According to the results, the design and organization of
learning materials and the facilitation of discourse
promoted students’ interaction, reduced the number of
peripheral students, and supported students’ collaborative
knowledge construction.

The following were the five steps in the lag sequential
analysis: 1) calculating the number of transitions among the
behavioral codes to obtain the transition frequency table; 2)
calculating the conditional probability of the transitions
among the codes based on the above sequential frequency
matrix to produce the sequential transition conditional
probability; 3) calculating the expected value of the overall
transition process among the codes based on the sequential
frequency matrix; 4) verifying whether all sequences were
significantly continuous one-by-one based on the Z-score
values of the transition frequency calculated from the above
three matrices (adjusted residuals table); and 5) drawing the
sequence transition association diagram with nodes that
represent all coding behaviors connected by arrows for
further inferential analysis.
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RESULTS AND DISCUSSION

Basic Data and Online Teaching Experience
The Google online questionnaire was adopted in this study, and
all questions must be answered to be valid. As shown in Table 1, a
total of 223 valid questionnaires were collected in this study. In
terms of sex, there were 100 males (44.8%) and 123 females
(55.2%), and there was virtually no difference in the numbers of
males and females. Therefore, this study is not affected by gender
differences. Regarding age, there were 23 people (13.3%) under
30 years old, 24 people (10.8%) between 31 and 40 years, 57
people (25.6%) between 41 and 50 years, 106 people (47.5%)
between 51 and 60 years, and 36 people (16.1%) aged 61 years or
over. Most of the respondents were between 41 and 60 years old.
In the quartile of age, Q1 was 31–40 years, and Q2 (median) and
Q3 were 41–50 years. Regarding the years of teaching experience,
there were 12 teachers (5.4%) with less than 1 year of service, 26
teachers (11.7%) with 1–5 years of service, 21 teachers (9.4%)
with 6–10 years of service, 54 teachers (24.2%) with 11–15 years
of service, 57 teachers (25.6%) with 16–20 years of service, and 53
teachers (23.8%) with more than 21 years of service. In the
quartile of teaching experience, Q1 is 1–5 years, Q2 (median)
is 16–20 years, and Q3 is more than 21 years. Most teachers were
found to have many years of experience. At the school level, there
were 23 college teachers (10.3%), 51 secondary school teachers
(22.9%), and 149 elementary school teachers (66.8%). Thus, most
of the respondents were elementary school teachers, followed by
secondary school teachers.

Then, the study examined whether teachers were experienced
in online teaching prior to the pandemic. Fourteen teachers
(6.3%) had frequently engaged in online teaching, 79 (35.4%)
had engaged in it occasionally, and 130 (58.3%) had never
engaged in it, which shows that more than half of the teachers
had no experience in online teaching. As a result, the reason why
online teaching had been adopted was explored. In total, 21
teachers had been teaching online prior to the pandemic (9.4%),
seven taught online due to a medical diagnosis (3.1%), and 195
taught online as a part of simulation exercises (87.4%); these
findings show that the primary reason for switching to online
teaching was simulation exercises, as the COVID-19 pandemic in
Taiwan was well controlled. Regarding the modes frequently used
in online teaching, 89 teachers (39.9%) used synchronous
teaching (teachers and students go online at the same time to
carry out teaching and learning activities), 65 teachers (29.1%)
used asynchronous teaching (teachers upload teaching materials
to the network platform, and students can watch them online
within a specified time and carry out learning activities), and 69
teachers (30.9%) used blended teaching (teaching and learning
activities that combine both synchronous and asynchronous
modes); thus, similar proportions of the teachers used the
three teaching modes.

Teaching Activities
The 223 teachers who returned valid questionnaires had a total of
1,310 instructional behaviors, with an average of 5.87
instructional behaviors for each teacher. Table 2 shows the
overall instructional behaviors, and the number and

percentage of instructional behaviors in elementary schools,
secondary schools, and colleges.

Overall, there were 329 data points (25.11%) for teaching (A),
340 data points (25.95%) for learning interaction (B), 383 data
points (29.24%) for learning effectiveness (C), and 258 data
points (19.69%) for others (D). The proportion of other
instructional behaviors was similar to but slightly lower than
the proportions of the remaining three teaching categories.
Among the four teaching categories, the top four behaviors
were roll call (D1) with 132 data points (10.08%), lecturing
with a presentation screen (A1) with 124 data points (9.47%),
in-class task (assignment) allocation (C2) with 104 data points
(7.94%), and whole-class synchronous video-/audio-based
discussion (B3) with 103 data points (7.86%). Thus, the most
common behavior in each category was teaching behavior.

Then, the four teaching categories were analyzed from an
overall perspective. In teaching (A), lecturing with a presentation
screen (A1) was the most frequently used (N � 124, 9.47%),
followed by sharing a screen with computer software (A3) (N �
101, 7.71%); this shows that most teachers frequently lectured
with a presentation screen and shared their computer screens in
online teaching. In learning interaction (B), whole-class
synchronous video-/audio-based discussion (B3) was the most
frequently used (N � 103, 7.86%), followed by student self-
practice (B11) (N � 82, 6.26%); this indicates that the teachers
often conducted a whole-class synchronous discussion after
teaching and allowed students to become familiar with the
teaching content through their own practice. In addition, we
also found that the teachers conducted more activities in entire
classes than in groups. Although group learning is a common
teaching activity in classroom teaching, in the online teaching
environment, group interaction is rarely adopted by teachers
because of the limitations imposed by the functional design of the
learning platform or system. In learning effectiveness (C), the
most common and second-most common instructional behaviors
both concerned task (assignment) allocation, including class-task
(assignment) allocation (C2) with 104 data points (7.94%), and
after-class task (assignment) allocation (C9) with 69 data points
(5.27%). By comparing all behaviors in class and after class, we
found that the frequency of all in-class behaviors (N � 224,
17.11%) was larger than the frequency of after-class behaviors
(N � 159, 12.14%), which suggests that the teachers mostly
evaluated teaching effectiveness in class. Finally, in the other
category (D), the most common mode was roll call (D1) with 132
data points (10.08%), followed by inquiry about the status of
hardware and software (D2) with 74 data points (5.65%). These
two items were important preclass activities in online teaching,
although they do not take much time in classroom teaching.

Finally, the study explored the similarities and differences
among colleges, secondary schools, and elementary schools in the
four categories. In terms of teaching (A), we found that lecturing
with a presentation screen (A1) was the most frequently used,
followed by sharing a screen with computer software (A3),
regardless of the learning stage. In terms of playing videos, we
found that most videos played in colleges were made by teachers
(A4), while the videos played in secondary and elementary
schools were made by others (A5); this shows that college
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teachers were more likely to make course videos for students to
watch. Practical (experimental) demonstration (A6) was the least
used. Although physical education courses and experimental
courses still existed in the curriculum, the teachers seldom
performed practice or experiments in the online teaching
environment. In terms of learning interaction (B), we found
that whole-class synchronous video-/audio-based discussion
(B3) was the most frequently used, regardless of the learning
stage. Moreover, unlike student practice (B11), whole-class
synchronous text-based discussion (B1) was frequently used in
colleges and secondary schools but was less frequently used in
elementary schools, while whole-class whiteboard interaction
(B9) was frequently used in elementary schools; this indicates
that the teachers were more likely to arrange synchronous text-
based discussion activities for older students. Finally, we found
that data collection and collation (B13), a common activity in
online teaching, was used in some secondary and elementary
schools but not in colleges. In terms of learning effectiveness (C),
we found that task (assignment) allocation (C2 and C9) was the
most frequently used, regardless of the learning stage. Second,
assignment and work reports (C7 and C13) were commonly used
by college teachers for evaluation, online tests (C3 and C10) were
commonly used by secondary and elementary teachers for
evaluation, and there was almost no difference in their use
between online teaching and the current situation in
classroom teaching. In terms of the other category (D), based
on the proportions of teachers who used the behaviors, we found
that the most common behaviors were roll calls (D1), inquiries
about the status of hardware and software (D2), and reminders of
other noncourse matters (D3), regardless of the learning stage.

These behaviors were important for online teaching, but the
questionnaire did not dedicate many questions to these behaviors.

Teaching Behavioral Sequence
During the lag sequential analysis, the adjusted residuals table was
calculated, where the columns represent initial behaviors, and the rows
signify the behaviors that occurred immediately after the behaviors
listed in the columns. A Z-score greater than 1.96 indicated that the
sequence was significant. In this study, there were 49, 58, and 104
significant behavioral sequences for colleges, secondary schools and
elementary schools, respectively (as shown in the

TABLE 1 | Participants’ characteristics, including their online teaching experience.

Variables Attributes N %

Sex Male 100 44.8
Female 123 55.2

Age Below 30 years old 23 13.3
31–40 years old 24 10.8
41–50 years old 57 25.6
51–60 years old 106 47.5
Over 61 years old 36 16.1

Years of teaching Under 1 year 12 5.4
1–5 years 26 11.7
6–10 years 21 9.4
11–15 years 54 24.2
16–20 years 57 25.6
Over 21 years 53 23.8

School level College or university 23 10.3
Middle or high school 51 22.9
Elementary school 149 66.8

Were you experienced in online teaching prior to the pandemic? Frequently 14 6.3
Occasionally 79 35.4
Never 130 58.3

Why did you conduct online teaching? Already in use 21 9.4
Class suspension due to medical diagnosis 7 3.1
Simulation exercises 195 87.4

In most cases, which of the following ways do you choose for online teaching? Synchronous teaching 89 39.9
Asynchronous teaching 65 29.1
Blended teaching 69 30.9

FIGURE 1 | Overall behavioral transfer diagram.
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Supplementary Appendix). With the 36 instructional behaviors
examined in this study, there were many significant behavioral
sequences in each learning stage. To facilitate the discussion, the
common significant behavioral sequences of colleges, secondary
schools, and elementary schools were first extracted, and six
significant behavioral sequences were identified in total. Second, to
compare the differences among colleges, secondary schools, and

elementary schools in the teaching process, significant behavioral
sequences with Z-score values greater than five were discussed. There
were 11, 10, and 15 significant behavioral sequences with Z-score
values greater than five in colleges, secondary schools and elementary
schools, respectively. The values shown in Table 3 are the Z-scores.

There were six common significant behavioral sequences in
colleges, secondary schools, and elementary schools (Figure 1).

TABLE 2 | Number and percentage of various instructional behaviors.

Overall Colleges Secondary
schools

Elementary
schools

N % N % N % N %

A Teaching

A1 Lecturing - presentation screen 124 9.47 14 10.53 27 9.75 83 9.22
A2 Lecturing - blackboard 11 0.84 1 0.75 4 1.44 6 0.67
A3 Sharing a screen with computer software 101 7.71 9 6.77 16 5.78 76 8.44
A4 Playing videos made by teachers 18 1.37 6 4.51 4 1.44 8 0.89
A5 Playing videos made by others 49 3.74 2 1.50 15 5.42 32 3.56
A6 Practical (experimental) demonstration 26 1.98 2 1.50 6 2.17 18 2.00

Subtotal (A) 329 25.11 34 25.56 72 25.99 223 24.78

B Learning interaction

B1 Whole-class synchronous text-based discussion 26 1.98 6 4.51 8 2.89 12 1.33
B2 Whole-class asynchronous text-based discussion 19 1.45 0 0.00 7 2.53 12 1.33
B3 Whole-class synchronous video-/audio-based discussion 103 7.86 9 6.77 21 7.58 73 8.11
B4 Whole-class asynchronous video-/audio-based discussion 12 0.92 1 0.75 1 0.36 10 1.11
B5 Whole-group synchronous text-based discussion 21 1.60 5 3.76 5 1.81 11 1.22
B6 Whole-group asynchronous text-based discussion 4 0.31 1 0.75 0 0.00 3 0.33
B7 Whole-group synchronous video-/audio-based discussion 10 0.76 3 2.26 1 0.36 6 0.67
B8 Whole-group asynchronous video-/audio-based discussion 0 0.00 0 0.00 0 0.00 0 0.00
B9 Whole-class whiteboard interaction 25 1.91 4 3.01 3 1.08 18 2.00
B10 Whole-group whiteboard interaction 11 0.84 1 0.75 0 0.00 10 1.11
B11 Student self-practice 82 6.26 5 3.76 18 6.50 59 6.56
B12 Operation by remote control 10 0.76 1 0.75 2 0.72 7 0.78
B13 Data collection and collation 17 1.30 0 0.00 4 1.44 13 1.44

Subtotal (B) 340 25.95 36 27.07 70 25.27 234 26.00

C Learning effectiveness

C1 In-class study experience 6 0.46 1 0.75 3 1.08 2 0.22
C2 In-class task (assignment) allocation 104 7.94 12 9.02 25 9.03 67 7.44
C3 In-class online test 58 4.43 3 2.26 14 5.05 41 4.56
C4 In-class online questionnaire 8 0.61 1 0.75 2 0.72 5 0.56
C5 In-class peer evaluation 3 0.23 0 0.00 0 0.00 3 0.33
C6 In-class work submission 11 0.84 1 0.75 0 0.00 10 1.11
C7 In-class assignment/work report 34 2.60 6 4.51 6 2.17 22 2.44
C8 After-class study experience 4 0.31 3 2.26 1 0.36 0 0.00
C9 After-class task (assignment) allocation 69 5.27 5 3.76 15 5.42 49 5.44
C10 After-class online test 46 3.51 3 2.26 11 3.97 32 3.56
C11 After-class online questionnaire 7 0.53 0 0.00 2 0.72 5 0.56
C12 After-class peer evaluation/voting 4 0.31 1 0.75 0 0.00 3 0.33
C13 After-class work submission 29 2.21 4 3.01 9 3.25 16 1.78

Subtotal (C) 383 29.24 40 30.08 88 31.77 255 28.33

D Others

D1 Roll call 132 10.08 12 9.02 32 11.55 88 9.78
D2 Inquiry about the status of hardware and software 74 5.65 8 6.02 9 3.25 57 6.33
D3 Reminders of other noncourse matters 45 3.44 3 2.26 3 1.08 39 4.33
D4 Others 7 0.53 0 0.00 3 1.08 4 0.44

Subtotal (D) 258 19.69 23 17.29 47 16.97 188 20.89
Total 1,1310 100.00 133 100.00 277 100.00 900 100.00
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The six significant behavioral sequences were divided into four stages.
The first stage included roll calls and the confirmation of an effective
online teaching environment (D1→D2). The next stage was teaching
the class. The common teaching methods were presentation (A1) and
screen sharing (A3). The next stage after teaching included text-based
synchronous discussion (A1→B5 and A3→B1). The final stage was
the evaluation of learning effectiveness (B5→C7 and C3→C4).
Overall, the common significant behavioral sequences in colleges,
secondary schools and elementary schools, namely, identifying the
teaching environment, teaching the class, discussing and evaluating
learning effectiveness, were similar to the usual teaching processes.

Then, the characteristics of the teaching processes in colleges,
secondary schools and elementary schools were compared based on
the significant behavioral sequences with Z-score values greater than
5. To provide a basis for comparison, the abovementioned phases,
i.e., 1) identifying the teaching environment, 2) teaching the class,

3) discussing and 4) evaluating learning effectiveness, were used for
discussion. First, colleges (Figure 2) were more likely than
secondary and elementary schools to use the following sequence:
reminders for students of other noncurriculummatters (D3)→ roll
call (D1). This may be because, compared with secondary and
elementary school teachers, college teachers are more likely to call
roll after reminding students ofmatters during class andwaiting for
students to go online. This not only presents the actual situation of
the physical classroom but also represents the teacher’s differences
in class management for students of different ages. In the teaching
class stage, there was one common behavioral sequence between
college teachers and elementary school teachers, namely, lecturing
with a blackboard (A2) → practical (experimental) demonstration
(A6). This may be because some experimental course teachers are
used to lecture with a blackboard and directly filme experimental
courses with cameras. In the discussing stage, college teachers
engaged in less interactive learning behaviors than secondary
and elementary school teachers, but most of their behaviors
were carried out in groups (A5→B6, B5→B10, B10→B3).
Finally, in the evaluating learning effectiveness stage, college
teachers had more diversified evaluation methods, including
practice, tests, and questionnaires. Moreover, college teachers
arranged many in-class and after-class evaluations (C1→C12,
C3→C12 and C4→C12).

Second, in secondary schools (Figure 3), teachers were more likely
to arrange practical or experimental courses and then carry out
interactive activities such as discussions or questionnaires (A6→B2,
A6→B4 and A6→C11). In conducting interactive activities, teachers
in secondary schools were more likely to use synchronous and
asynchronous methods than teachers in colleges or elementary
schools. Finally, in the stage of evaluating learning effectiveness,
secondary school teachers had more diversified evaluation methods
than college or elementary school teachers, including tests,
questionnaires, and practice.

In elementary schools (Figure 4), teachers weremore likely to use
homemade videos and share their screens while teaching and then

FIGURE 2 | Behavioral transfer diagram for colleges.

FIGURE 3 | Behavioral transfer diagram for secondary schools.

FIGURE 4 | Behavioral transfer diagram for elementary schools.

Frontiers in Education | www.frontiersin.org May 2021 | Volume 6 | Article 6754348

Wu Online Teaching during COVID-19

https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


conduct discussions (A3→B3, A5→B2, A5→B7). The teaching
interactions arranged by elementary school teachers were
diversified, and discussions containing audio and text were
conducted with synchronous and asynchronous methods.
Elementary school teachers, similar to college and secondary
school teachers, used a variety of evaluation methods. In
addition, elementary school teachers arranged many in-class
evaluations, and after-class assignments, which is similar to
general classroom teaching.

DISCUSSION AND CONCLUSION

During the COVID-19 pandemic, students at all levels (colleges,
secondary schools, and elementary schools) were unable to attend
school, and most schools switched to online teaching. To
understand the design of online teaching activities among
teachers at all levels, online questionnaires were adopted in
this study to investigate teachers in Taiwan who had
conducted online teaching due to the pandemic. There were
223 valid questionnaires.

The first objective was to explore teachers’ online teaching
activities when classroom teaching was suspended due to
COVID-19. Based on the results of the frequencies of
behaviors in the teaching, learning interaction, learning
effectiveness and other categories, the top four instructional
behaviors were roll calls, lecturing with a presentation screen,
in-class task (assignment) allocation and whole-class
synchronous video-/audio-based discussion. Then, the study
explored the similarities and differences among colleges,
secondary schools, and elementary schools in the four
categories. In terms of teaching, lecturing with a presentation
screen was the most frequently used, regardless of the learning
stage. In terms of playing videos, most videos played in colleges

were made by teachers, while most videos played in secondary
and elementary schools were made by others. In terms of learning
interaction, we found that whole-class synchronous video-/
audio-based discussion was the most frequently used,
regardless of the learning stage. In addition, teachers’
arrangement of synchronous text-based discussions depended
on the learning level. In terms of learning effectiveness, task
(assignment) allocation was the most frequent behavior,
regardless of the learning stage. Second, assignments and work
reports were commonly used by college teachers for evaluation,
while teachers in secondary and elementary schools were more
likely to use online tests for evaluation. Finally, in terms of the
other category, we found that roll calls and inquiries about the
learning environment, such as the status of hardware and
software, were necessary for online teaching, regardless of the
learning stage.

Overall, more time was spent on roll calls and inquiries about
the status of hardware and software in online teaching than in
classroom teaching. This means that teachers’ technical capabilities
for online teaching, students’ familiarity with digital platforms, and
the software and hardware assistance provided by the school’s
information center will all affect the quality of e-learning.
Moreover, in terms of teaching, interaction and evaluation, the
arrangement of these activities among teachers at all levels was
slightly different from the arrangement of these activities in
classroom teaching, and appropriate teaching activities could be
designed according to the online teaching environment. Despite
the limitations of online teaching platforms, online learning
activities can still be carried out.

The second objective of this study was to explore the
similarities and differences among college, secondary school
and elementary school teachers in the design of the online
teaching activity process. According to the sequential
behavioral analysis, the common significant behavioral

TABLE 3 | Significant behavioral sequences (similarities and differences Z-score>5).

Colleges Secondary schools Elementary schools

Common significant behavioral sequences A1→B5: 5.00
A3→B1: 2.70
B5→C7: 4.04
C3→C4: 7.00
D1→ D2: 2.86
D2→ D3: 4.57

Differences in the significant behavioral sequences A2→A6: 8.69 A2→B7: 8.96 A2→A6: 5.89
A5→B6: 8.66 A6→B2: 5.22 A3→B3: 6.42
B5→B10: 5.31 A6→B4: 7.25 A5→B2: 7.52
B10→C3: 7.05 A6→ C11: 5.03 A5→B7: 6.47
B11→B12: 5.31 B4→C13: 5.91 B3→C2: 5.82
B12→ C8: 7.05 B7→B9: 10.42 B4→B6: 5.72
C1→C12: 6.06 B11→C3: 5.82 B9→B10: 6.76
C3→ C12: 7.00 B13→C8: 8.96 B11→C2: 6.52
C4→C10: 7.05 C1→D4: 5.89 B12→C4: 5.27
C12→ C9: 5.39 C2→C13: 5.00 B12- C12: 6.90
D3→C1: 7.00 B13→C4: 7.73

C1→B1: 6.45
C2→C3: 5.51
C4→C5: 8.22
C9→ C10: 5.14
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sequences of colleges, secondary school and elementary schools
were divided into 1) roll calls and identification of the teaching
environment, 2) teaching through presentation and screen
demonstration, 3) synchronous text-based discussion, and 4)
an effectiveness evaluation. Overall, the common significant
behavioral sequences of colleges, secondary schools and
elementary schools were similar to the usual teaching
processes. In terms of the characteristics, some college teachers
reminded students of some matters first and then called the roll
after students went online. During class, some teachers in
experimental or practical courses were used to lecture with a
blackboard, and directly filme experimental courses with
cameras. Moreover, college teachers engaged in less interactive
learning behaviors, but most of their behaviors were carried out in
groups. Second, secondary school teachers were more likely to
arrange practical or experimental courses and to use synchronous
and asynchronous interactive activities. Finally, elementary
school teachers were more likely to use homemade videos and
share their screens for teaching and to arrange a large variety of
teaching interactions; in addition, discussions containing audio
and text were conducted with both synchronous and
asynchronous methods.

Overall, colleges, secondary schools, and elementary schools
had common significant sequential behaviors, including roll calls
and the identification of the teaching environment, teaching
through presentation and screen sharing, synchronous text-
based discussion and an effectiveness evaluation. Moreover,
college, secondary, and elementary school teachers had similar
characteristics in the design of their teaching activity processes. In
addition to these similar characteristics, college, secondary, and
elementary school teachers also have some different characteristics.
These different characteristics show that teachers at different stages
of learning vary in their teaching strategies. These differences, in
addition to showing the current teaching situation, can also provide
scholars with information for related follow-up research.

According to the conclusions generated based on the
descriptive analysis and lag sequential analysis, the following
suggestions can be made.

(1) Despite the small proportion of online practical and
experimental courses, as evidenced by the observed online
instructional behaviors, such courses are arranged in
classroom teaching. It is suggested that when relevant,
teachers should consider in advance how to respond to
challenges in implementing practical and experimental
courses in online teaching.

(2) Discussion is more important in the online teaching
environment than in general classroom teaching (Wu,
2016). This study found that whole-class synchronous
video-/audio-based discussion was the most frequently
used method. Thus, whether activities are conducted as a
class or in groups and whether synchronous or asynchronous
discussion is used, teachers should improve the online
discussion layout and their online leadership skills (Tseng
et al., 2019).

(3) In classroom teaching, problem-based learning (PBL)
courses are often arranged, which require students to

collect and collate data through the Internet (Dolmans
et al., 2016). However, in this study, the rate of data
collection and collation was low, even in the online
education environment, but the activities of data collection
and collation in the online learning environment are more
suitable for adoption. Therefore, it is suggested that teachers
should design activities of data collection and collation for
more diversified teaching activities.

(4) Due to the pandemic, people have been restricted in their
ability to leave home. Therefore, in addition to the
synchronous activities in class during teaching time, it is
suggested that teachers arrange after-class asynchronous
activities so that students can carry out learning activities
when they cannot go out.

(5) In classroom teaching, it does not take much time to call roll
or manage hardware and software. However, the two
behaviors are important in the online teaching
environment. Thus, both teachers and learning platforms
or system developers should think about how to reduce the
time spent on roll calls and the management of hardware and
software.

In terms of the research limitations and suggestions for
future studies, this study took Taiwan’s teachers as an example;
it is suggested that cross-country comparisons be carried out in
future studies. Second, this study mainly discussed the
situations, similarities and differences of colleges, secondary
schools and elementary schools in the teaching activities and
processes affected by the pandemic. However, teaching
activities are also influenced by the course that is being
taught. Thus, it is suggested that future researchers base
their discussions on various types of courses. Finally,
teachers’ preparation for online teaching affects the quality
of online education (Hung, 2016), which was not analyzed in
this study. Therefore, it is suggested that future researchers
compare the differences in teachers’ experiences with online
teaching.
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