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Abstract: The COVID-19 outbreak has suddenly changed the landscape of education worldwide.
Many governments have moved education completely online, with the idea that although schools are
shut, classes can continue; however, the question regarding whether teachers are prepared for this
massive shift in educational practice remains unanswered. This study addresses this issue through the
lens of teachers’ technology, learners, pedagogy, academic discipline content, and content knowledge
(TLPACK). Two groups of 250 teachers (n = 500) who teach various levels of students participated in
a two-phase survey. The phases of the survey took place in 2017 and 2020 (i.e., before and during
the COVID-19 pandemic). Participants answered 38 reliable and valid questions about TLPACK to
address three research questions, and the collected data were subjected to frequentist and Bayesian
statistical analysis. The analysis indicated that teachers’ TLPACKs were significantly different before
and during the COVID-19 pandemic. This study revealed significant correlations among teachers’
TLPACK constructs and found that, among these constructs, the strongest relationship was that
between learner knowledge (i.e., knowledge about the learners) and pedagogy knowledge. The study
ends by reflecting on our findings’ implications, especially since the COVID-19 pandemic continues
to have significant altering effects on both education and society at large.

Keywords: Bayes factor; COVID-19; frequentist statistics; online education; TLPACK

1. Introduction

COVID-19—also known as 2019-nCov because it is caused by a novel coronavirus—
first appeared in Wuhan, Hubei Province, China in December 2019 [1]. On 30 January
2020, the World Health Organization [2] declared that it considered the COVID-19 outbreak
to be a Public Health Emergency of International Concern. During the initial outbreak,
some countries, such as China, locked down several cities and closed schools. At the time
this study was written, around 400 million students in China were unable to physically
attend classes due to these policies [3]. All university lectures were, at the time of writing,
being conducted online and many universities have likewise moved all their operations
online [4]. High-quality information communication technology (ICT) has been a vital
infrastructure for governments who wish to sustain regular education activities during
the pandemic [5]. Although these new technologies create new opportunities for learning,
they also present challenges for teachers [6]. Teachers are expected to acquire new content
and pedagogy-related knowledge and develop new technical skills to offer effective and
meaningful instruction [7,8]. The unusual circumstances due to the pandemic are very
different from the relatively controlled circumstances under which online education has
previously been tested and studied [9]. Thus, scholarly assessments of online education
during the pandemic should be assessed as occurring “during a special period and in a
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special environment” [10]. Before COVID-19, many schools and countries were not ready
to move their educational activities completely online [11], and it seems overly optimistic
to assume that online education is the only method that might ensure the sustainable
continuity of education, given some students’ lack of Internet access, and the difficulties
related to training teachers remotely and instructing teachers regarding using Internet-
based technologies [3].

In today’s heavily digitized world, teachers’ technological pedagogical content knowl-
edge (TPACK) is a critical component of their ability to leverage educational technology and
teach effectively [12]. This is because today’s students’ communication and learning styles
are dramatically influenced by the increasingly digital environment in which they were
brought up [13]. However, previous studies on teachers’ TPACK predate the pandemic
and have not considered later knowledge about learners and context [14–16]. Hsu and
Chen [15] proposed to include these two factors and build the technology, learners, peda-
gogy, academic discipline content, and context knowledge (TLPACK) model, which is based
on TPACK [8], with additional information communication technologies—technological
pedagogical content knowledge (ICT-TPCK) [14], and education technology, pedagogy and
didactics—academic subject-matter discipline, educational psychology and educational
sociology knowledge (TPACK-XL) [16], to explore the types of knowledge that teachers
at various levels should equip themselves with in detail. Scholars have advised teachers
to tailor their teaching strategies to students’ characteristics [17] and suggested that these
characteristics will impact online education during the COVID-19 pandemic [18]. Therefore,
this study is significant because it not only assesses teachers’ TLPACK during the pandemic
but also compares teachers from two groups and their TLPACK, both pre-pandemic and
during the pandemic. It asks the following three research questions (RQs):

RQ1: Are there any significant differences between the levels of teachers’ TLPACK who
are required to implement online education before and during the COVID-19 pandemic?

RQ2: Do teachers of various levels have different TLPACK regarding online education
before and during the COVID-19 pandemic?

RQ3: What are the relationships between the constructs of teachers’ TLPACK during
the COVID-19 pandemic?

This study proceeds by performing a literature review (Section 2), describing its
research methodology and research procedure (Section 3), detailing its statistical analyses
(Section 4) and discussing its results (Section 5), and identifying its implications for future
research (Section 6).

2. Literature Review
2.1. Educational Technology Used during the Covid-19 Pandemic

The advent of the ICT era has drastically changed the educational praxis on campuses.
Discussions regarding the efficacy of integrating educational technology in instruction have
primarily been undertaken [19] because new technology such as web 2.0 and mobile devices
(e.g., smartphones and tablets, suggested by Martin et al. [20]) has changed the landscape
of classroom teaching [21]. Implementing online education brings various challenges to
teachers because it often requires them to learn or apply new technological knowledge and
skills. Bao [22] suggests that teachers should be acquainted with their students’ learning
and cognitive levels, so that they can better match instructional activities to their students’
online learning behavior. Angeli and Valanides [14] suggested that the teachers’ practical
ability to use technology is vital to their ability to integrate it into their teaching and create
new learning opportunities; likewise, Aydin et al. [23] pointed out that technology is only a
tool to improve teaching practice. As Bai et al. [24] asserted, when ICTs are integrated into
instructional activities, the teacher is advised to provide guidance to students to effectively
improve their learning outcomes.

As the use of education technology becomes more prevalent [25], the application of
technology in education is inevitable [26]. However, not all stakeholders in education are
prepared for large-scale school closures such as those caused by the COVID-19 pandemic,
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which has transformed traditional face-to-face teaching methods into online teaching within
a very short period [27]. Such abrupt disturbances to people’s lifestyles have propelled
a society-wide digitization process, and this transformation is different from that in the
past, when diligently designed online learning environments were warranted. As such,
software products from Microsoft, Google, and Zoom, which were only used in business
communications and conferences, have been adopted in online teaching as a response to
this pandemic. These platforms offer communications software for free to help schools
around the world to administer online education [11,28]. Microsoft released a premium
version of its Teams software for six months, and teachers have praised its usefulness, ease
of use, and secure cloud storage system [5]. Google Meet has been successfully used to train
medical students in the UK [29]. Zoom has also been a popular tool for online education,
despite its user privacy concerns [30]. Typically, teachers’ lesson planning and preparation
would be finished six to nine months before a course began [9]; however, the circumstances
surrounding the COVID-19 pandemic have forced both teachers and students to dive into
online education with little to no preparation. All teachers and related personnel need to
adopt the instructional plan of action (IPA) for implementing online education, that is: “All
communication was to be through the faculty lead, who was to relay the information to the
Department Chair, with regard to the academic, instructional or personal needs for their
respective courses and students (training, instructional equipment needed by faculty or
students, counseling services, writing center, program requirements, etc.)” [27].

The aforementioned synchronous online video-conferencing systems (i.e., Zoom,
Microsoft Teams, Hangouts, and FaceTime) have been used as replacements for online
education with face validity for interaction [31]. Nevertheless, videoconferencing will
never be able to replace physical classrooms, as these two settings have distinct features in
communicational dynamics and multimodal characteristics [32]. Nonetheless, in a climate
of social distancing, these video-conferencing systems can be helpful and important in
enabling the participants to have a sense of meaning and presence through their commu-
nicational affordance of real-time audio and video interactions [31,33]. However, some
caveats regarding such applications have been pointed out; for example, situational factors,
such as broadband and hardware, limit the teaching of practical skills, which make long lec-
tures more realistic [34]. With such a limited time for switching from traditional classroom
instruction to virtual environments, synchronous online video-conferencing systems may
not be the perfect solution, but they can be considered a viable alternative. Particularly in
this context, it seems inevitable that the COVID-19 pandemic will create opportunities to
develop and cultivate new pedagogical knowledge and strategies [35].

2.2. TLPACK

It is important to understand teachers’ readiness to face the challenges related to
moving education online, from the perspective of their knowledge in various fields. As
mentioned above, scholars often use the TPACK framework to discuss teachers’ knowledge
regarding the design, implementation, and evaluation components of technology-based
education. Many studies have applied the TPACK model to study technology-based
education [7,36–39] and related subjects [40–42]. Despite the TPACK model’s prevalence
and success, there are still some limitations. For example, Angeli and Valanides [14] pointed
out that the TPACK framework does not consider factors other than technology, content,
and teaching knowledge, which may lead to errors in designing integrated instruction.
Therefore, Hsu and Chen [15] suggested that scholars include more variables in the TPACK
framework to provide a better picture of technology-based education’s ever-changing
landscape. They developed their own framework—TLPACK—from studies that had
developed the TPACK [8], ICT-TPCK [14] and TPACK-XL [16] frameworks. Each model
is based on the theoretical facet indicators proposed by Shulman [43], who postulated
seven concepts of knowledge that teachers should possess if they are to effectively evaluate
and integrate emerging technologies’ various innovations. They are listed below and are
modeled in Figure 1.
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• Technology knowledge: teachers’ technological literacy and acuity, including their
ability to learn new technological skills, operate technology and integrate technology
into teaching activities.

• Learner knowledge (knowledge about learners: teachers’ ability to distinguish differ-
ent learners’ characteristics (including their personal, learning, and cognitive traits),
and adjust their teaching methods accordingly.

• Pedagogy knowledge: teachers’ ability to plan, adapt, and implement classroom
management skills and teaching methods, to optimize their teaching practice.

• Academic discipline content knowledge: teachers’ mastery and understanding of the
domain knowledge of the subjects they teach.

• Context knowledge: teachers’ ability to create an appropriate environment for stu-
dents, including their ability to adjust the teaching environment in compliance with
administrative regulations.

Sustainability 2021, 13, 8827 4 of 19 
 

 

integrated instruction. Therefore, Hsu and Chen [15] suggested that scholars include more 
variables in the TPACK framework to provide a better picture of technology-based 
education’s ever-changing landscape. They developed their own framework—
TLPACK—from studies that had developed the TPACK [8], ICT-TPCK [14] and TPACK-
XL [16] frameworks. Each model is based on the theoretical facet indicators proposed by 
Shulman [43], who postulated seven concepts of knowledge that teachers should possess 
if they are to effectively evaluate and integrate emerging technologies’ various 
innovations. They are listed below and are modeled in Figure 1. 
● Technology knowledge: teachers’ technological literacy and acuity, including their 

ability to learn new technological skills, operate technology and integrate technology 
into teaching activities.  

● Learner knowledge (knowledge about learners: teachers’ ability to distinguish 
different learners’ characteristics (including their personal, learning, and cognitive 
traits), and adjust their teaching methods accordingly.  

● Pedagogy knowledge: teachers’ ability to plan, adapt, and implement classroom 
management skills and teaching methods, to optimize their teaching practice.  

● Academic discipline content knowledge: teachers’ mastery and understanding of the 
domain knowledge of the subjects they teach.  

● Context knowledge: teachers’ ability to create an appropriate environment for 
students, including their ability to adjust the teaching environment in compliance 
with administrative regulations.  

  
Figure 1. The TLPACK model (Hsu and Chen, 2019). 

Compared to the original TPACK model, the TLPACK model has two more elements: 
teachers’ knowledge of learners and context. Regarding knowledge about learners, an in-
depth understanding of learners’ characteristics and behaviors can help teachers make 
sound decisions on teaching, which can have a positive impact on students’ learning 
effects [44]. As Kirschner [45] asserts, the downside of students’ self-reports on their 
preferences in learning is that a student’s professed learning style may be very different 
from his/her actual effective learning methods. Therefore, teachers need to have the ability 
to identify each student’s learning characteristics [46], especially within the online 
learning context. A good online learning platform must be designed based on learners’ 
characteristics [46–48]. Regarding teachers’ contextual knowledge, complete learning 
cannot be separated from the context in which it is located [49], and a teacher’s pedagogy 
and use of technology will inevitably be affected by the context in which he or she is [23]; 

Figure 1. The TLPACK model (Hsu and Chen, 2019).

Compared to the original TPACK model, the TLPACK model has two more elements:
teachers’ knowledge of learners and context. Regarding knowledge about learners, an
in-depth understanding of learners’ characteristics and behaviors can help teachers make
sound decisions on teaching, which can have a positive impact on students’ learning
effects [44]. As Kirschner [45] asserts, the downside of students’ self-reports on their
preferences in learning is that a student’s professed learning style may be very different
from his/her actual effective learning methods. Therefore, teachers need to have the
ability to identify each student’s learning characteristics [46], especially within the online
learning context. A good online learning platform must be designed based on learners’
characteristics [46–48]. Regarding teachers’ contextual knowledge, complete learning
cannot be separated from the context in which it is located [49], and a teacher’s pedagogy
and use of technology will inevitably be affected by the context in which he or she is [23];
hence, he or she would need to choose strategies that fit the context to obtain the best
teaching results [50]. These two elements would complement what TPACK has missed,
according to Angeli and Valanides [14], which is the primary reason that this particular
study chose to use the TLPACK model. However, some scholars, such as Bai et al. [24], have
suggested that technology-based learning is not suitable for all subjects, and there are many
factors that need to be considered when integrating technology into teaching. Similarly,
Delgado et al. [51] stated that the amount that schools invested in educational technology
did not receive the expected return; the actual uses of technology in classrooms are still
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low, even though extensive investments in instructional technology have been made by
schools. That is, there is no one-size-fits-all standard for the applicability of educational
technology in different subject matters [52]. However, various governments’ responses to
the COVID-19 pandemic leave teachers and students with little choice but to forge ahead
with online education.

This study aimed to examine teachers’ TLPACK in the unique context of the COVID-19
pandemic, by comparing teachers’ responses to the same set of TLPACK-related question-
naires before and during the pandemic. Thereby, this study hopes to help clarify the specific
problems and dilemmas that teachers currently face in implementing online education
and propose targeted solutions and suggestions. Per the RQs and literature review, the
following research hypotheses (RHs) were proposed:

RH1: There is a significant difference between teachers’ TLPACK before and during
the COVID-19 pandemic.

RH2: Teachers of various levels will have significantly different TLPACK results before
and during the COVID-19 pandemic.

RH3: There is a significant relationship between the various constructs of teachers’
TLPACK during the COVID-19 pandemic.

3. Method
3.1. Procedure and Participants

This study adopted quota sampling, based on the demographic data surveyed and
publicized by Taiwan’s Ministry of Education (MOE) regarding the populations of teachers
of various levels, aimed to compare two groups of teachers of various levels in Taiwan at
two points in time, one before and one during the COVID-19 pandemic. Additionally, this
is the best way to conduct a full-scale survey that includes all the teachers, since larger
sample sizes can reduce the probability of a type-II error, which leads to more accurate
inferences of the actual situation of the statistical analysis results. However, it should be
noted that if the sample size is too large, it may increase the probability of a type-I error. The
recommended sample size for regional studies is 500–1000 people [53]. To reach a balance
between sample size and representativeness, we conducted the following sampling steps.

We initiated a survey about schools in Taiwan in 2017 with the aim of understanding
teachers’ TLPACK in general, and selected possible candidates who might be interested
in participating in that survey. Once the potential participants agreed to join, a website
link for the electronic version of the questionnaire was sent to them. In 2020, when the
pandemic began, we inquired of the schools that participated in the 2017 study about their
willingness to take part in this survey again. We sent out 592 and 527 surveys in 2017 and
2020, respectively. After all the questionnaires were collected, the valid ones were selected
and stratified randomly, based on the structure of teacher populations at various levels in
Taiwan. This was done to make the two groups’ demographic backgrounds as similar as
possible. Regarding the representation of the participants, the total study population is
roughly representative of the total number of full-time teachers at all levels of school in
Taiwan (Table 1).

Table 1. Detailed information about this study’s quota sampling method.

Scheme 2 N % n × 2 years

Elementary school 95,664 40.03% 100 × 2 = 200
Junior high school 46,453 19.44% 49 × 2 = 98

High school 52,927 22.15% 55 × 2 = 110
University 43,957 18.39% 46 × 2 = 92

Total 239,001 100.00% 250 × 2 = 500
Note. N = number of population, n = number of samples.

This study compared two groups of teachers’ TLPACK self-evaluations, collected
from different years. In both surveys, the participants taught at a variety of levels, from
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elementary to higher education. These participants responded (self-reported) on five-
point Likert scales to measure their TLPACK (see Appendix A Table A1). A pilot study
was performed to ensure the study instruments’ reliability and validity before the actual
survey. All participants completed the informed consent procedure, which provided a
detailed explanation of this study’s purpose on the online questionnaire’s initial page.
The questionnaire was initiated upon receiving the participant’s consent. In addition, if a
participant wanted to withdraw from the study, they could simply leave the questionnaire’s
web page and no information would be recorded. Only questionnaires that included
participants’ informed consent and agreement were collected and counted for statistical
analyses. A total of 330 and 324 valid questionnaires were collected in 2017 and 2020,
respectively (Table 2). The data obtained exceeded the expected number; therefore, this
study further adopted stratified random sampling to extract data that met the proportion
of teachers at all levels needed for statistical analysis, resulting in 250 surveys from each
year, both in 2017 and 2020 (n = 500).

Table 2. Questionnaire distribution and recovery.

2017 2020

Number Distributed 592 527
Number of Responses 386 412

Response Rate 65.20% 78.18%
Number of Valid Responses 330 324

Percentage of Valid Responses 85.49% 78.64%

3.2. Measurement and Data Analysis

The items used in this survey were developed based on Hsu and Chen’s [16] method,
the psychometric properties of which have been evaluated and validated. The question-
naires’ final draft was piloted on a small sample to ensure its comprehensibility. Rigorous
translation precautions (e.g., back-translation) were undertaken, and two language profes-
sors were invited to ascertain the translated questionnaires’ quality. The questionnaire’s
reliability and validity were examined via Cronbach’s alpha, exploratory factor analysis
(EFA), confirmatory factor analysis (CFA), composite reliability (CR), and average variance
extracted (AVE). Before conducting CFA, EFA was done to examine the items’ loading
pattern [54]. Maximum likelihood estimation and Promax rotation were adopted for EFA in
the present study because they are the most prevalent in empirical studies [55]. Regarding
the number of factors, this study was set to extract five factors based on the TLPACK
framework and retained those items with an eigenvalue greater than 1, per Kaiser’s sug-
gestion [56]. Afterward, any item with a loading less than 0.40 was excluded, per Deng’s
suggestion [57]. Items with cross-loadings of less than 0.20 were also removed from the
questionnaire. Thus, 38 items were used for the surveys (see Table A1). The finalized
questionnaire’s Kaiser-Meyer-Olkin (KMO) test was 0.96, which confirmed the appropri-
ateness of EFA. The results indicated that this questionnaire was an appropriate research
instrument. Each construct’s Cronbach’s alpha was higher than the threshold value of 0.80
(TK = 0.90, LK = 0.93, PK = 0.88, AK = 0.94, and CK = 0.89). The EFA results indicated
that all items had a factor loading higher than 0.48—higher than the cut-off value of 0.35,
per Hair et al.’s suggestion [58]. The CFA’s model fit indices also showed a positive re-
sult [59–63]. The CR and AVE results indicated that all constructs had high CR (TK = 0.89,
LK = 0.93, PK = 0.88, AK = 0.94, CK = 0.88) although the AVE of TK was slightly lower than
0.50 (i.e., 0.46)—per Lam’s suggestion [64], if AVE is less than 0.50 but CR is more than
0.6, the construct is acceptable for inclusion. The other constructs’ AVE indicated that this
questionnaire is valid (see Tables A2 and A3). Therefore, the various instruments used to
measure the questionnaire’s reliability and validity indicate that it is a reliable and valid
research instrument.

Each RQ was addressed using different statistical analysis techniques. An independent
t-test with Cohen’s d-effect size, analysis of variance (ANOVA), and Pearson correlational
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analysis were applied for RQ1, RQ2, and RQ3, respectively. These analyses were examined
with a significance level of 0.05. In addition to frequentist statistical techniques, which
rely on the null hypothesis’s significance tests and, therefore, limit possible interpretations,
Bayes factor analysis was also employed to directly compare null and alternate hypothe-
ses [65,66] through the likelihood ratio of null and alternate hypotheses [67–69]. Bayesian
statistical analysis has attracted attention across various disciplines in academia; using
both Bayesian and frequentist statistics is encouraged because Bayesian parameter estima-
tion can complement the information that is lacking in frequentist statistics [70–73]. The
traditional frequentist statistics method, based on a p-value without considering the prior
plausibility of H0, has been criticized for being too simple to be used to explain compli-
cated situations and because it may lead to incorrect results, due to noisy data [74]. Hence,
an increasing number of journals in the field of psychology expects the use of Bayesian
approaches for data analyses [75], and Bayes factors are proposed for use in hypothesis
testing [73,76]. The Bayesian factor for the two-sample t-test, which is extracted using the
ratio of the marginal likelihoods of H1 and H0, is the norm applied by prior studies with
JASP (JASP Team 2018, jasp-stats.org, accessed on 4 May 2020) [74,77]. The most significant
advantage of Bayesian statistics is that it is more intuitive than traditional statistics since
it does not refer to the p-value to accept or reject the null hypothesis [71,78]. For these
reasons, the present study also employed Bayes factors to provide direct estimations of the
research hypotheses. Statistical analyses in this study were performed using AMOS 21.0,
SPSS 22 (IBM, Chicago, IL, USA), and R 3.6.3 software (Free Software Foundation’s GNU
General Public License).

4. Results

RQ1 asks whether teachers’ TLPACK regarding online education would be signifi-
cantly different before and during the COVID-19 pandemic. Independent t-test results
confirmed that significant differences do exist. Detailed information about the t-tests is
presented in Table 3.

Table 3. Detailed information regarding the t-tests of teachers’ TLPACK before and during the COVID-19 pandemic.

Type of Knowledge COVID-19 n M SD t Cohen’s d Bayes
Factor

Technology knowledge before 250 39.58 4.69
2.44 * 0.22 1.76during 250 38.39 6.15

Learner knowledge before 250 23.58 2.74
12.33 *** 1.10 2.12during 250 19.25 4.83

Pedagogy knowledge before 250 20.79 2.28
9.90 *** 0.89 1.16during 250 18.20 3.45

Academic discipline
content knowledge

before 250 50.80 5.46
8.67 *** 0.76 7.78during 250 46.41 5.86

Context knowledge before 250 19.60 3.06
5.94 *** 0.53 1,679,488during 250 17.78 3.76

Note. * p < 0.05, *** p < 0.001. M = mean, SD = standard deviation. Per Beard et al. [79] Bayes factor cut-offs, BF > 100 indicates extremely
strong evidence for the alternate hypothesis; 3 < BF < 10 indicates moderate evidence for the alternate hypothesis; BF < 1 indicates evidence
for the null hypothesis.

Based on the frequentist statistical analysis results, RH1 is supported. In 2017, teachers
thought that their TLPACK was higher than did the teachers in 2020. According to the
standard proposed by Cohen and Sawilowsky [80,81], learner knowledge and pedagogy
knowledge had the largest effect sizes (Cohen’s d = 1.10 and 0.89, respectively), academic
content knowledge and context knowledge had medium effect sizes (Cohen’s d = 0.76
and 0.53, respectively) and technology knowledge had the smallest effect size (Cohen’s
d = 0.22). Bayes factor analysis indicated that there is decisive evidence that teachers’
context knowledge was significantly different before and during the COVID-19 pandemic



Sustainability 2021, 13, 8827 8 of 17

(BF = 1,679,488), and there was substantial evidence that their academic content knowledge
was different in these two periods (BF = 7.78). There is only anecdotal evidence to support
the results obtained [79].

For the second research hypothesis, two one-way ANOVAs were performed. Table 4
depicts the ANOVA for teachers’ TLPACK before the COVID-19 pandemic.

Table 4. ANOVA for teachers’ TLPACK before COVID-19.

Type of
Knowledge Stage n M SD F Post

Hoc
Bayes
Factor

Technology
knowledge

Elementary school 100 39.44 4.70

2.36 0.08
Junior high school 49 39.14 4.62

High school 55 38.91 4.20
University 46 41.17 5.07

Learner
knowledge

Elementary school 100 27.80 3.16

0.13 0.00
Junior high school 49 27.57 2.64

High school 55 27.27 3.63
University 46 27.57 3.12

Pedagogy
knowledge

Elementary school 100 20.77 2.40

1.99 0.50
Junior high school 49 20.59 1.95

High school 55 20.44 2.30
University 46 21.48 2.26

Academic
discipline content

knowledge

Elementary school 100 50.26 5.57

3.52 *
U>E
U>J 0.43

Junior high school 49 49.98 4.73
High school 55 50.58 5.30
University 46 53.09 5.67

Context
knowledge

Elementary school 100 19.28 2.92

1.18 0.02
Junior high school 49 19.71 2.99

High school 55 20.22 2.47
University 46 19.43 3.93

Note. * p < 0.05. M = mean, SD = standard deviation. Per Beard et al. [79] Bayes factor cut-offs, BF > 100 indicates
extremely strong evidence for the alternate hypothesis; 3 < BF < 10 indicates moderate evidence for the alternate
hypothesis; BF < 1 indicates evidence for the null hypothesis.

The one-way ANOVA results showed that only teachers’ academic content knowledge
was significantly different across various levels of teaching before the COVID-19 pandemic
(F = 3.52, p < 0.05). The post hoc analysis reported that university teachers’ academic
content knowledge was higher than their counterparts at elementary and junior high
schools; however, the Bayes factor analysis results showed no such evidence. Detailed
information regarding teachers’ TLPACK regarding implementing online education during
the COVID-19 pandemic is presented in Table 5.

The one-way ANOVA results show that teachers’ technology and academic content
knowledge were significantly different during the COVID-19 pandemic (F = 6.02, p < 0.01
and F = 7.80, p < 0.001, respectively) than they were before it happened. In addition, the post
hoc analysis reported that university teachers’ academic content knowledge was higher
than their counterparts at elementary, junior high, and high schools; junior high teachers
and university-level teachers proposed that they had better knowledge of technology
when administering online education during the COVID-19 pandemic. These results are
supported by Bayes factors that show decisive and very strong evidence for the differences
among teachers’ academic content knowledge and technology knowledge (BF = 180.26
and 14.74, respectively). Hence, based on the ANOVA statistical analysis results, RH2 is
partially supported.
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Table 5. ANOVA of teachers’ TLPACK during the COVID-19 pandemic.

Table Stage n M SD F Post
Hoc

Bayes
Factor

Technology
knowledge

Elementary school 100 37.76 5.30

6.02 ** J > H
U > H 14.74

Junior high school 49 40.00 5.39
High school 55 36.25 5.83
University 46 40.61 6.76

Learner knowledge

Elementary school 100 23.01 4.25

0.68 0.01
Junior high school 49 22.57 5.13

High school 55 23.09 5.39
University 46 21.57 7.78

Pedagogy
knowledge

Elementary school 100 18.20 3.39

0.92 0.01
Junior high school 49 18.86 3.06

High school 55 18.02 2.94
University 46 17.74 4.41

Academic
discipline

content knowledge

Elementary school 100 45.08 6.21

7.80 ***
U > E
U > J
U > H

180.26
Junior high school 49 46.43 4.74

High school 55 45.91 5.25
University 46 49.87 5.60

Context knowledge

Elementary School 100 18.18 3.55

0.69 0.01
Junior high School 49 17.53 3.97

High School 55 17.65 3.92
University 46 17.33 3.80

Note. ** p < 0.01, *** p < 0.001. M = mean, SD = standard deviation. Per Beard et al. [79] Bayes factor cut-offs,
BF > 100 indicates extremely strong evidence for the alternate hypothesis; 3 < BF < 10 indicates moderate evidence
for the alternate hypothesis; BF < 1 indicates evidence for the null hypothesis.

RH3 tests the relationship between constructs of teachers’ TLPACK during the COVID-
19 pandemic. The Pearson correlation analysis results that were employed to explore RH3
are shown in Table 6.

Table 6. Pearson correlation analysis constructs of teachers’ TLPACK.

TK LK PK AK CK

TK

LK r = 0.51 ***
BF = 9.23

PK r = 0.46 ***
BF = 234,370,348,108

r = 0.67 ***
BF = 1.11

AK r = 0.64 ***
BF = 1.62

r = 0.45 ***
BF = 906,448,646,071

r = 0.54 ***
BF = 7.80

CK r = 0.48 ***
BF = 7.26

r = 0.58 ***
BF = 5.91

r = 0.52 ***
BF = 2.84

r = 0.37 ***
BF = 5,766,504

Note. *** p < 0.001. Per Beard et al. [79] Bayes factor cut-offs, BF > 100 indicates extremely strong evidence
for the alternate hypothesis; 3 < BF < 10 indicates moderate evidence for the alternate hypothesis; BF < 1
indicates evidence for the null hypothesis. TK = technology knowledge, LK = learner knowledge, PK = pedagogy
knowledge, AK = academic discipline content knowledge, CK = context knowledge.

The Pearson correlation analysis revealed significant correlations between the con-
structs of teachers’ TLPACK. During the COVID-19 pandemic, teachers found that their ped-
agogical knowledge was significantly related to their knowledge about learners (r = 0.67,
p < 0.001), followed by the relationship between technology knowledge and academic con-
tent knowledge (r = 0.64, p < 0.001). The relationship between academic content knowledge
and context knowledge was the weakest (r = 0.37, p < 0. 001). However, these results are
not consistent with the Bayes factors, which show decisive evidence for the relationship
between learner knowledge and academic content knowledge (BF = 906,448,646,071), tech-
nology knowledge and pedagogy knowledge (BF = 234,370,348,108), and academic content
knowledge and context knowledge (BF = 5,766,504).
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5. Discussion

Regarding RQ1, the current study’s t-test results revealed that the studied teachers in
2017 who used traditional teaching were more confident about their TLPACK compared to
those who used online teaching in 2020. The biggest difference regarding various bodies
of knowledge in TLPACK is that the teachers of 2017 and 2020 considered that they had a
good knowledge of learners before and during the COVID-19 pandemic. In 2017, when
face-to-face interactions between teachers and students were still the norm, it was easier
for teachers to observe each student’s learning style in person and adjust their instruction
accordingly. In the online environment, such observation opportunities become challenging
and thus may possibly reduce the teachers’ knowledge of their students. Therefore, future
teacher training should strengthen the ability of pre-service teachers to transform their
teaching knowledge in various teaching situations to respond to various changes and
emergencies.

Other elements of their TLPACK were also significantly higher in 2017 than in
2020. These findings are not consistent with previous research. For example, Miguel-
Revilla et al. [40] found that teachers’ pedagogy knowledge was found to be less significant
in progress, and academic content knowledge was considered to be more challenging.
However, in this study, the difference between participants’ pedagogy knowledge was
also significant and their scores on academic content knowledge were higher, which indi-
cated that they felt more confident about their academic content knowledge. On the other
hand, this study’s findings do suggest that participants were not confident about their
competence at integrating technological knowledge to pedagogical and content knowledge,
as the effect size of their technical knowledge is quite small. Thus, this study indicates
that the studied teachers may not need more technological knowledge, but rather, better
knowledge of how to apply what they already know.

RQ2 explored whether teachers of various levels would have significantly different
TLPACK. Among the 2017 study participants, the ANOVA found that teachers of various
levels had similar TLPACK; university teachers perceived themselves as having better
academic content knowledge. During the COVID-19 pandemic, teachers of various levels
reported significantly different levels of technological and academic content knowledge.
Through data analysis, we found that, regarding technological knowledge, university-level
and junior high teachers deemed themselves more proficient in technology-based education
than did their peers at other levels. Possible explanations are twofold: firstly, teachers at
university level have more access to ICT in their research projects, and university students
have more latitude to use social media to contact their teachers [82]. Secondly, more
training programs are available to in-service teachers at junior high level in Taiwan [83]. The
difference in academic discipline content knowledge is more obvious. University teachers
believe that their performance in academic discipline content knowledge is significantly
higher than that of teachers from other levels. This could be because universities in Taiwan
generally used computer technology to assist teaching even before the pandemic. Therefore,
when university teachers need to teach professional knowledge online, the impact is lower
than that for elementary, middle, and high school teachers. Although technology-enhanced
teaching and learning have been promoted in these schools, most instructional activities
are still conducted through traditional face-to-face teaching methods. Online education
(or other types of technology-enhanced teaching and learning) is expected to be being
implemented due to the pandemic; teachers at these levels need to put in the effort required
to adapt to the changes.

Regarding the relationship between the constructs of teachers’ TLPACK (RQ3), Pear-
son correlation analysis results indicated that all the constructs are significantly correlated
with each other. Five out of 10 correlation coefficients were considered to be strong. The
strongest correlation was between teachers’ knowledge about students and their peda-
gogical knowledge. Since these data are based on a survey regarding teachers’ responses
to remote online teaching after the outbreak of COVID-19, we can argue that, within the
online education context, a teacher’s knowledge regarding learners is closely related to
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his or her teaching methods. If teachers can perceive students’ different characteristics
through virtual environments and adjust their teaching methods accordingly, their confi-
dence in the mastery of learner knowledge can be greatly increased. For example, Bao [22]
suggests that Chinese students are not so thorough in online learning, which may limit
online learning modules’ efficacy; they suggested that teachers pay extra attention to
their online lectures’ volume and speed. The main reason for such a strong relationship
between teachers’ learner knowledge and pedagogical knowledge can be attributed to
learner knowledge being identified by Koehler and Mishra [22] as a part of pedagogical
knowledge [84], which possibly led to its low-value Bayes factor as presented in this study.
In addition, teachers’ technological knowledge and academic content knowledge had a
strong relationship in this study. This echoes Aminah et al. [12], who suggest “inviting
students to participate in learning to use technology” (p. 259). Similarly, Saubern et al. [42]
suggest that technologically proficient teachers will be more confident in using technology,
and that this has a positive effect on their students. This correlation’s Bayes factor shows
anecdotal evidence for the research hypothesis; however, to confirm this evidence, future
studies should explore this from a statistical perspective.

Teachers’ academic content knowledge and their contextual knowledge had the weak-
est relationship. The Bayes factor’s high value shows decisive evidence for this hypothetical
relationship. This is consistent with previous studies—de Guzman [28] suggested that
universities should provide teachers with training in synchronous online instruction, and
Cheng [10] asserted that schools “cannot do without effective communication and coordina-
tion between administrators and teachers and students” (p. 506). Such “training initiatives
should cover both technological and pedagogical aspects” of education [3], because, as
Tømte [85] suggested, even teachers who are able to design technology-enhanced lessons
sometimes struggle to execute these plans.

6. Conclusions, Limitations and Suggestions for Future Research

Existing and emergent technologies have become and will remain essential for future
education-related initiatives—these changes are expected to outlast the emergency mea-
sures adopted during the COVID-19 pandemic and/or be permanent fixtures in the future
educational landscape [86]. Thus, teachers’ readiness to integrate emergent technology is
and will be an increasingly essential dimension of educational practice. This study, which
assessed teachers’ readiness via Hsu and Chen’s [15] TLPACK framework, was the first
of its kind, especially within the context of the COVID-19 pandemic. Its results indicate
that for two groups of teachers—those who taught in 2017 using traditional methods and
those who taught online in 2020 (before and during the pandemic)—the latter group’s
overall perceptions about their TLPACK were lower than the former. It was also found
that teachers at various levels felt that they had more academic content knowledge before
the pandemic. Additionally, it was found that university and junior-high-school teachers
believed that they were more technologically competent than high-school teachers. All the
relationships between constructs of teachers’ TLPACK during the COVID-19 pandemic
were significantly correlated with each other.

This study has three main limitations. First, its participants hail from a single cultural
context, and a TLPACK construct, contextual knowledge, might be culturally determined—
especially within the unique context of the COVID-19 pandemic. Therefore, cross-cultural
studies are needed to verify these findings’ generalizability and assist in effectively imple-
menting full-scale online education globally. Second, this study is limited due to its use of
particular analytical techniques, which sometimes produce results that do not complement
each other. Thus, future studies should administer the Bayesian method to triangulate
this study’s frequentist analyses results [87]. Finally, a sampling bias may exist because,
although this study’s participants were selected from the same population following the
same sampling technique, it was not possible to ensure that both groups contained the
same participants. Additionally, online surveys (we used a Google online questionnaire)
are naturally biased against older participants, as they may not feel comfortable with the
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technology [88]. Furthermore, although we attempted to set the backgrounds of both
groups’ participants to reflect the population of teachers in Taiwan, it was not possible to
guarantee that participants did indeed reflect the population of teachers in Taiwan, which
might hinder the findings’ generalizability. For example, since the participants remained
anonymous, it is impossible to know if the same people participated in the 2017 and 2020
surveys. Therefore, the differences between the groups and the contexts in which they were
asked to complete the questionnaire could not be examined in this study. For this reason,
future research in which the same participants are recruited for repeated measurements
is required.

This study also has several practical implications. First, its findings suggest that
teachers who are unfamiliar with the necessary technology to implement online education
are encouraged to employ technologically capable teaching assistants [22], as there may
not be sufficient time for the teachers to receive training [89]. Second, school administra-
tors must provide appropriate training for all teachers, including current teachers and
teachers-in-training. Moreover, schools should work to address the challenges that some
students face regarding online education (e.g., lack of access to materials, the Internet, and
a suitable learning environment) [22] and should address these issues while considering
that “the psychological impact[s] of quarantine [are] wide-ranging, substantial, and can be
long-lasting” [90].

In short, this study indicated that teachers rated their TLPACK to be higher before
the COVID-19 pandemic than they did when they had to put that knowledge into practice.
This is concerning, especially considering the increasing use and need for online education.
Increased and targeted training will help teachers be more resilient in the face of online
education-specific challenges. Especially today, in an era of rapid technological change and
proliferation, teachers should be sufficiently technologically literate to keep their students
interested in learning and use technology to enhance learning outcomes [26]. However, the
responsibility lies with them, not with the technology itself; as Aydin et al. [23] pointed
out, technology is only a tool and not the solution.
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Appendix A

Table A1. The TLPACK model’s constructs, indicators, factor loadings and Cronbach’s alpha.

Technology knowledge Factor loading Cronbach’s α

1-1 I can understand information on innovative technology that is
integrated in education. 0.66

0.90

1-2 I think I am capable of integrating technology in instruction. 0.73
1-3 I have no problem using new technology. 0.77
1-4 I like to integrate technology into instruction. 0.61
1-5 I am able to integrate technology with lesson plans. 0.70

1-6 When technology is integrated in instruction, I am able to make
students feel that it is convenient. 0.64

1-7 When technology is integrated into instruction, I can make students feel safe to
use technology. 0.56
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Table A1. Cont.

Technology knowledge Factor loading Cronbach’s α

1-8 I can make students feel that technology can be used for more than just in learning. 0.71
1-9 I can make students like the way technology is integrated into learning and teaching. 0.67

1-10 I can cultivate students’ ability to integrate technology in various
aspects of life. 0.65

Learner knowledge

2-1 I can understand each student’s various learning styles and preferences and provide
him/her with adaptive instruction. 0.92

0.93
2-2 I can understand students’ individual differences and try to offer proper guidance. 0.96
2-3 I can come up with various ways to evaluate students with different learning styles. 0.86

2-4 I can understand students’ cognitive development and thinking styles and design
appropriate instructional activities accordingly. 0.65

2-5 I can understand each student’s level of knowledge and learning
strategies and provide him/her with different guidance and instruction. 0.83

2-6 I can provide students with appropriate amounts and levels of tasks and guidance,
based on their individual working memory. 0.71

Pedagogy knowledge

3-1 I can use proper volume and speed to effectively deliver
my instruction. 0.66

0.88
3-2 I know how to ask students proper questions. 0.70

3-3 I am able to provide pertinent instructions based on their
learning strategies. 0.82

3-4 I know how to use instruction time judiciously. 0.61

3-5 I am able to adopt appropriate teaching methods based on
various situations, needs, and timing. 0.48

Academic discipline content knowledge Factor loading Cronbach’s α

4-1 I clearly understand the content of the subject that I am going to teach. 0.78

0.94

4-2 I clearly understand the important concepts and theories underlying the content that I
am going to teach. 0.78

4-3 I know the underpinning theory about the contents that I am going to teach. 0.81

4-4 I know how to apply my knowledge related to the subject that I am
going to teach and whether exceptions exist. 0.78

4-5 I know how to present the subject knowledge in a comprehensible way. 0.76
4-6 I can handle pertinent skills regarding the subject that I am going to teach. 0.81

4-7 I can conceptualize the subject-related knowledge and transform it into suitable
content for instruction according to the course goal. 0.85

4-8 I can handle and completely comprehend the course material. 0.87
4-9 I have a great ability to plan and design curricula and implement them. 0.69

4-10 I am familiar with my students’ schema and what they are supposed to learn in
this class. 0.64

4-11 Other than subject knowledge regarding my courses, I can integrate subject
knowledge from other courses. 0.55

4-12 I clearly understand what causes students’ questions
and misunderstandings. 0.56

Context knowledge

5-1 I think the overall atmosphere of the school is good. 0.53

0.89
5-2 I can have good interactions with co-workers and share resources with them. 0.64
5-3 I think the school has a good system for administrative work. 0.97
5-4 I think the school can provide me with sufficient administrative support. 0.91
5-5 I can agree with the school’s expectations and values. 0.72

Total 0.96
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Table A2. Confirmatory factor analysis (CFA) of TLPACK measurements.

χ2/d.f. GFI IFI CFI PGFI PNFI AGFI RMSEA

3.00 0.83 0.91 0.91 0.72 0.79 0.80 0.06
Note. GFI = goodness of fit index, IFI = incremental fit index, CFI = comparative fit index, PGFI = parsimo-
nious goodness-of-fit index, PNFI = parsimonious normed fit index, AGFI = adjusted goodness of fit index,
RMSEA = root mean square error of approximation.

Table A3. CR, AVE, and the square root of the questionnaire’s AVE and inter-construct correlations.

CR AVE AK TK LK PK CK

AK 0.94 0.56 0.75
TK 0.89 0.46 0.63 0.68
LK 0.93 0.69 0.62 0.58 0.83
PK 0.88 0.60 0.70 0.55 0.78 0.78
CK 0.88 0.60 0.47 0.52 0.61 0.59 0.77

Note. AK = academic discipline content knowledge, TK = technology knowledge, LK = learner knowledge,
PK = pedagogy knowledge, CK = context knowledge, CR = composite reliability, AVE = average variance
extracted.
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