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A growing body of work has been devoted to studying teachers’ digital competence, but
not much is known about how teachers’ digital competence affects online teaching
behavior. Guided by the technological pedagogical content knowledge (TPACK)
framework, this study investigated how teachers’ digital competence affects online
teaching behavior based on Chinese primary and secondary teachers. A total of 1833
teachers completed self-report scales measuring digital competence, online teaching
behavior, use intention of online teaching, and students’ online learning difficulties using the
online platform Questionnaire Star. The results indicated that the level of online teaching
intentions mediated the relationship between teachers’ digital competence and online
teaching behavior. Students’ learning difficulties in online learning moderated the
relationship between teachers’ digital competence and the intention to use online
teaching, such that the relationship became stronger as students’ online learning
difficulties decreased. Similarly, the indirect relationship between teachers’ digital
competence and online teaching behavior was stronger at decreased levels of
students’ online learning difficulties. The findings contribute to a better understanding
of the impact of teachers’ digital competence on online teaching behavior.

Keywords: online teaching, use intention of online teaching, digital competence, online teaching behavior, students’
online learning difficulties

INTRODUCTION

Online teaching has many advantages, such as it spans time and space, and enables resource sharing,
diversified learning environments, openness and collaboration, and personalized learning; however,
it may also cause discomfort and panic as many instructors lack the necessary skills, resources, and
didactic aptitude (Lederman, 2020). Nonetheless, the coronavirus disease (COVID-19) pandemic
has forced all teachers, students, and administrators to adapt and engage in a digital learning
environment—essentially ending the historical debate on whether we should teach students via
online platforms (Zhai, 2021).

Teachers are now being inundated and made to learn how to effectively provide engaging and
authentic learning experiences for students online (Owens & Hudson, 2021). Digital technologies
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FIGURE 1 | lllustration of Conceptual Model.

can present teaching content in a variety of ways (Yang and Hu,
2014). They also allow teachers to comment on student learning
and master student learning information in real time, enabling
the timely guidance, encouragement, feedback, and adjustment of
teaching (Zhang et al,, 2016). However, teachers face many
challenges when trying to integrate available technology into
teaching practices.

In the traditional face-to-face learning environment, teachers
and students can utilize facial expressions, body language,
intonations, and other emotional cues to communicate their
social, emotional, and learning needs; however, these
communication tools may not be as readily available in a
virtual learning setting (Owens & Hudson, 2021). When
preparing for online learning, instructors must consider how
to support positive socio-emotional outcomes for students, such
as a sense of belonging to the learning community (Delahunty
et al, 2014; Crow & Murray, 2020). This is because online
learning is more distributed, socially isolated, and
asynchronous than its face-to-face counterpart (Lowenthal &
Dennen, 2017), and students have fewer opportunities for
sustained synchronous social interactivity with peers or
instructors. It can reduce social presence (Crow & Murray,
2020) and risk leaving students feeling anonymous, unvalued,
and demotivated (Delahunty et al., 2014; Plante & Asselin, 2014).
Without guided preparation for online teaching, students are
likely to be disrupted and may end up with limited engagement
and gains.

This research utilizes technological pedagogical content
knowledge (TPACK) as a framework to investigate the impact
of digital competence on online teaching behavior. TPACK
highlights teachers’ knowledge of technology (about specific
tools, software, and hardware), pedagogy (about how to
manage, instruct, and guide students), and content (about the
discipline or subject matter) (Mishra and Koehler, 2006).
Meanwhile, TPACK emphasizes that two actors (i.e., the
teacher and student), and the characteristics of teachers (such
as motivation and beliefs) as well as students (such as self-
management and digital literacy), affect the implementation
and effect of teaching and learning (Porras-Herndndez and
Salinas-Amescua, 2013).

As discussed, this research focuses on the relationship between
digital competence and online teaching behavior (see Figure 1).
First, teaching behavior is an important manifestation of teaching
methods (Mishra & Koehler, 2006). It refers to all the related
behaviors that teachers use to stimulate, maintain, and promote
student learning when teaching (Li, 2005), and includes primary
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teaching behaviors (e.g., demonstration and guidance behavior),
secondary teaching behaviors (e.g., stimulating student learning
motivation, training student learning motivation, and positive
teacher expectations), and management behavior (e.g,
discussion, behavior problem management, learning resource
management, and classroom time management; Zhao et al,
2019; Shi & Cui, 1999). By showing high expectations of
students, giving students clear and continuous feedback, and
providing students with varied, challenging, interesting, and
meaningful tasks (Fredricks et al., 2016), teachers can
understand the course learning progress and problems
encountered by learners, to better carry out their teaching. At
the same time, students will be encouraged to develop good
learning habits (Slater et al., 2012), which in turn will generate
adequate learning behaviors (Chai et al., 2011; Cooper, 2014) and
significantly increase academic engagement (Zhang et al., 2016; Li
et al., 20205 Li et al., 2021). However, to transfer the traditional
classroom online, teaching behaviors also need to be adjusted
according to the characteristics of online teaching. Online
teaching places new demands on teachers’ teaching behaviors,
for instance, emphasizing the use of digital technologies and
resources to convey special emotions to students, effective
interaction, and timely, high-quality feedback (Cai, 2021).
Previous research has found that teachers are likely to focus
primarily on successfully transitioning face-to-face learning and
activities to the online context (Hill, 2020). Therefore, it is
necessary to explore ways to improve teachers’ online teaching
behaviors.

Second, teachers’ digital competence may be an essential factor
in online teaching behavior. Online teaching in a virtual
environment is not only a change in teaching form but is also
deep integration of educational technology and teaching methods
and strategies. Teachers have to be digital competent because if
not, they will be unable to use digital technology or resource in
their day-to-day educational practice (Wastiau et al, 2013;
Kabakci Yurdakul and Coklar, 2014). Therefore, teachers need
some competencies: the competence to use technologies as a
teacher and to decide which technology to use for a specific
teaching purpose (Starkey, 2019).

Third, the intention to use online teaching plays an important
role in the relationship between teachers’ digital competence and
online teaching behavior. TPACK explicitly mentions that
teaching competence in the model is influenced by technical
competence (Mishra and Koehler, 2006), however, ignored the
role of cognitive aspects. The improved TPACK model posits that
teachers’ beliefs and cognitive characteristics play an important
role between technological competence and instructional
competence (Porras-Hernandez and Salinas-Amescua, 2013).
Mooij and Smeets (2001) further state that if teachers do not
trust their skills or competences to handle computers, they may
be reluctant to introduce technology into their classroom. In
other words, the integration of technology and teaching depends
on the teacher’s competence to master and use technology, and
whether the teacher consciously uses technology to meet the
teaching purpose. Therefore, this study sought to use online
teaching as a mediation variable to investigate the impact of
teachers’ digital competence on online teaching behavior.
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Finally, teachers’ digital competence is related to the
characteristics of the situation in which they are placed.
Porras-Herndndez and Salinas-Amescua, 2013 consider that
the characteristics of students (e.g., digital competence,
learning motivation, knowledge of student thinking and
learning) have an impact on teaching behavior. At the same
time, knowledge of student characteristics is fundamental to
teaching (Mishra & Koehler, 2006). Considering the
differences in students’ digital abilities, it is inferred that
students’ digital competence will affect the role of teachers’
digital competence. Therefore, this study selected the students’
online learning difficulties perceived by teachers as the
moderating variable, which could moderate the association
between teachers’ digital competence and the intention to use
online teaching.

HYPOTHESES DEVELOPMENT

Teachers’ Digital Competence and Online

Teaching Behavior

Teachers’ digital competence which is not how to use digital
technology, but how to implement it for teaching and learning,
refers to teachers’ competence to acquire, identify, and organize
digital information related to the course (Knutsson et al., 2012); to
communicate such that teachers and students may share, interact,
participate, and collaborate; and to identify online resources and
use technology to solve problems. In many countries, basic and
higher education are developing in the direction of digitalization.
It has become a common phenomenon for teachers and students
to learn in various online environments (Viberg et al.,, 2020).
Thus, using and mastering digital learning tools have become the
basic literacy requirements of teachers and students (Julien &
Barker, 2009). In the current COVID-19 pandemic, online
teaching has become very common, and digital capabilities
have become even more important for teachers.

TPACK points out that a lack of digital competence to identify
online resources and use technology to solve problems directly
leads to teachers’ difficulty in integrating information resources
into teaching design and improving classroom structure. Many
studies based on digital literacy have shown that the improvement
of teachers’ digital literacy contributes to the effective integration
of technology, teaching in complex learning environments (e.g.,
online learning, mixed online and offline learning; Ge & Han,
2017), infiltrating technology into lesson preparation,
extracurricular tutoring, management (Lan et al, 2020), and
providing students with personalized learning. Training aimed
at improving teachers’ digital competence (such as with
technology and resources) can significantly improve teachers’
competence to integrate technology and teaching practice (Santos
& Castro, 2021). For example, a study by Bicer and Capraro, 2016
found that by providing teachers with continuous support for the
integration of technology and mathematics courses, students’
mathematics performance could be significantly improved.

However, the digital competence of teachers in most countries
is very limited (Bossu et al., 2007; Phuapan et al., 2016; Nguyen
et al., 2020). More than half teachers have never used digital
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information or technology in the fields of curriculum
development and design, teaching resources, classroom
management, providing feedback, and teaching examination,
among others (Perifanou et al, 2021). When teachers’
acceptance of technology is low, classroom teaching is difficult
to integrate with technology (Legris et al., 2003; Jose, 2017; Bai &
Gu, 2020)—resulting in the incompetence of technology to
produce structural changes in teaching (Lei, 2018; Tondeur
et al, 2019). Based on the theoretical and empirical evidence
discussed, this study proposes the following hypothesis:

Hypothesis 1: Teachers’ digital competence is positively
related to teachers’ online teaching behavior.

Mediating Effects of Use Intention of Online
Teaching

Teachers’ characteristics are an important factor in the process of
teacher technology integration (Porras-Hernandez and Salinas-
Amescua, 2013; Zhang, 2014). TPACK emphasizes the teacher’s
main role as an actor in the overall theoretical framework and
emphasizes that merely introducing technology to the
educational process is not enough. This issue has received
much attention regarding teachers’ knowledge of how to
appropriately introduce technology into their teaching (Mishra
and Koehler, 2006). Teachers’ intentions to use online teaching
are particularly important.

The intention to use online teaching refers to the possibility
that teachers rely on digital technology and resources to carry out
online teaching, which is the core predictor of behavior and
determines teachers’ degree of effort in integrating technology
with teaching (Bai & Gu, 2020). Teachers’ intention to use digital
technologies and resources is influenced by their knowledge of
technology affordances. For example, Zeng and Zheng (2019)
pointed out that teachers’ digital competence can reduce their
cognitive load and anxiety about the use of digital technology and
resources (Zhu et al., 2018), and increase their perception of the
usefulness and ease of digital technology and resources—thus
enhancing their intention to use online teaching (Bai & Gu, 2020).

Contrarily, low digital competence makes it more difficult for
teachers to acquire, use, and integrate digital resources (Huang,
2011) and realize the deep integration of technology and teaching
tasks (Zhu et al, 2018)—thereby reducing their behavior and
willingness to carry out online teaching. Thus, this study proposes
the following hypothesis:

Hypothesis 2: Teachers’ digital competence is positively
related to their intention to use online teaching.

As for the third hypothesis, teachers tend to use technologies
in ways that are consistent with their own epistemological and
pedagogical beliefs and use those technologies that lie within the
limits of their knowledge (Porras-Hernandez et al., 2010). We
propose that the intention to use online teaching can predict
teachers’ online teaching behavior. As a tendency for individuals
to perform specific behaviors, teachers’ intention to use online
teaching is an important factor that influences their choice of
technology in teaching (Goodhue & Thompson, 1995; Zhang,
2018). Online teaching behavior requires teachers to think about
the methods of integrating technology and teaching content
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independently and actively. The more positive a teacher’s attitude
toward technology, the more likely he or she is to use it (Porras-
Herndndez and Salinas-Amescua, 2013)— which in turn
increases the likelihood of continued use of the technology
and resources (Davis et al., 1989; Taylor & Todd, 1995). The
intention to use online teaching is important for teachers to carry
out online teaching, and may even play a decisive role in the
design of teaching behavior (Zhang, 2018). Based on the above,
we propose the following hypothesis:

Hypothesis 3: The intention to use online teaching plays a
mediating role between teachers’ digital competence and online
teaching behavior.

Moderating Effects of Students’ Online
Learning Difficulties

Teachers’ digital competence does not guarantee that deep
integration of technology and teaching will occur (Uerz et al,
2018). TPACK states that the impact of teachers and their
knowledge of students depends on how successfully each
teacher adapts to a unique context (Porras-Herndndez and
Salinas-Amescua, 2013). However, space and time separation of
online teaching create more difficulties in teaching and learning for
teachers and students, such as weak interaction between teachers
and students, untimely feedback, and increased distraction for
students (Wang et al., 2020; Yu & Wang, 2020). Additionally, the
smooth development of online teaching also requires students to
have a better digital competence, such as experience in locating and
using resources (Oliver & Hannafin, 2000; Clarebout & Elen, 2006),
which are essential for instructional design (Porras-Herndndez and
Salinas-Amescua, 2013). Therefore, online teaching requires that
teachers consider students’ digital competence, attention
maintenance, and self-management, among others, which are
closely related to their competence to use digital technology and
resources in a separate teaching environment. We refer to these
factors collectively as students” online learning difficulties.
Students’ online learning difficulties may become a prerequisite
for teachers’ intention to use online teaching. In online teaching,
teachers are more susceptible to the impact of student
characteristics. Such as the recent COVID-19 outbreak, most
colleges endeavor to make teaching online normal. However,
basic education—especially in the lower levels of primary
school—is difficult to carry out online as it is closely related to
the characteristics of primary school students; generally, their
digital skills are lacking, attention is difficult to maintain, and
self-management competence is weak. Anecdotal evidence also
suggests that many students who made a rapid mandated shift to
online learning experienced feelings of displacement, social
isolation, and demotivation (Hall & Batty, 2020; Yamin, 2020).
Teachers who assess students’ online learning difficulties are less
likely to take advantage of their digital competence and have a
positive attitude toward online teaching, which can lead to better
online teaching behavior. Previous research has also shown that
while teachers have lower digital competence, if their students’ own
qualities (e.g., digital literacy and self-management) are better,
teachers can also achieve deep integration of digital technology and
teaching (Porras-Hernandez and Salinas-Amescua, 2013). A study
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on the teaching behavior of pre-service teachers shows that the
expert evaluation of the effectiveness of teaching plans at
integrating pre-teachers’ technology and teaching is much lower
than that of pre-service teachers’ self-evaluation (Chai et al., 2011).
To some extent, this shows that teaching is the result of multiple
interactions between teachers, students, and the learning
environment, and teaching behavior not only depends on
teaching methods but also the importance of perceived student
characteristics. Based on this, we propose the following hypotheses:

Hypothesis 4: Students’ online learning difficulties will
moderate the relationship between teachers’ digital competence
and the intention to use online teaching, such that the
relationship will be stronger when the online learning
difficulties perceived by teachers are decreased.

Hypothesis 5: Students’ online learning difficulties will play a
moderating role in regulating the mediating effect of teachers’
digital competence on online teaching behavior. The mediation
effect will be weaker when the students are perceived to have
increased online learning difficulties.

MATERIALS AND METHODS

Participants and Procedure

All research processes were reviewed and approved by the survey
and behavioral research ethics committee of the author’s
university. A convenience sampling method was used to select
23 primary or secondary schools in two cities in Hubei Province,
China. Local education authorities were commissioned through
the primary and secondary school teachers’ QQ and WeChat
groups to send a questionnaire link using the online platform
Questionnaire Star. The questionnaire was automatically
refreshed by the system after being filled out. Additionally,
there was also an informed consent form signed by the
participants, which clearly stated the purpose of the study and
emphasized the principles of anonymity and confidentiality of the
participants’ information. Participants could simply refuse to
participate in the study after reading the informed consent
form. A total of 2,440 teachers answered the questionnaire. A
total of 607 questionnaires were excluded because the
participants’ answer time was less than 5s, which showed a
clear tendency to respond hastily (e.g., extreme response
tendency), or they did not belong to an elementary or junior
high school. Thus, there were 1,833 valid questionnaires,
representing an effective recovery rate of 75.12%. There were
712 men (38.8%), 1,121 women (61.2%), 1,091 teachers of
primary schools (59.6%), and 742 teachers of secondary
schools (40.5%). The distribution of teaching experience was
as follows: 466 (25.4%) had a teaching experience of less than
5 years, 345 (18.8%) had a teaching experience of 6-15 years, and
1,022 (55.8%) had a teaching experience of more than 15 years. In
terms of the spatial distribution of the schools involved, 1,151
(62.8%) and 545 (29.7%) participants were from cities/townships
and villages, respectively. The educational background of the
teachers was as follows: 67 (3.7%) did not attend college, 618
(33.7%) had undergone 3 years at college, and 1,118 (61%) had
undergone 4 years at university.
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Measurements
Teacher’s Digital Competence

This study used a teacher’s digital competence scale, which was
revised from the college students’ digital competence scale
compiled by Hong and Jeong (2018). It contained a total of 11
items and encompassed three dimensions: 1) using digital
technology to interact (e.g., I can organize students to carry
out group activities through digital technology or resources),
2) digital resource search and integration capabilities (e.g., I can
integrate digital resources in the course design process), and 3)
digital technology or resource application in teaching (e.g., I can
use digital technology to innovate teaching evaluation methods).
Answers were scored on a 5-point Likert scale (1 = “fully
disagree”; 5 = “fully agree”). The model fitting results of the
confirmatory factor analysis were good (x*/df = 478.01/41 =
11.66, CFI = 0.96, TLI = 0.94, RMSEA = 0.076, SRMR =
0.032). In the current study, Cronbach’s a for using digital
technology to interact, having digital resource search and
integration capabilities, and digital technology or resources
application in teaching were 0.88, 0.84, and 0.90, respectively.
Cronbach’s a for the total scale was 0.95. The homogeneity
coefficient (HC) of the scale was 0.81. The composite
relicompetence (CR) for using digital technology to interact,
having digital resource search and integration capabilities, and
digital technology or resource application in teaching were 0.97,
0.87, 0.85, respectively. The CR for the total scale was 0.97.

Teacher’s Online Teaching Behavior

Based on the research of Shiand Cui (1999) and Zhao et al. (2019)
on teachers(online teaching behavior, we proposed that the
Teacher’s Online Teaching Behavior Scale contained three
dimensions: 1) main teaching behavior (e.g., I ask questions
that are appropriate for the student’s level in the online
classroom), 2) behaviors that contribute to teaching (e.g., I can
guide students to pay attention to learning), and 3) management
behavior (e.g., I can make students abide by online classroom
rules). The scale contained a total of 11 items and answers were
scored on a 5-point Likert scale (1 = “fully disagree”; 5 = “fully
agree”). The model fitting results of the confirmatory factor
analysis were good (y*/df = 157.78/41 = 3.85, CFI = 0.99,
TLI = 0.98, RMSEA = 0.039, SRMR = 0.021). The load of
each topic in the corresponding dimension was good
(0.67-0.88). In the current study, Cronbach’s a for the main
teaching behavior, behaviors that contribute to teaching, and
management behavior were 0.873, 0.905, and 0.859, respectively.
Cronbach’s a for the total scale was 0.944. The HC of the scale was
0.85. The CR for main teaching behavior, behaviors that
contribute to teaching and management behavior were 0.85,
0.72, 0.87, respectively. The CR for the total scale was 0.95.

Teacher’s Use Intention of Online Teaching

This study used a teacher’s intention to use the online teaching
scale, which was revised from the Intention to Use Digital
Technology Scale compiled by Taylor and Todd (1995). The
scale, which measured teachers’ intention to use online teaching,
consisted of four items (e.g., If conditions permit, I will be more
inclined to carry out online teaching). Answers were scored on a
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5-point Likert scale (1 = “fully disagree”; 5 = “fully agree”). The
model fitting results of the confirmatory factor analysis were good
(x> = 4.98, df = 2, X*/df = 1.49, CFI = 1.00, TLI = 0.99, RMSEA =
0.03, SRMR = 0.008). The load of each topic in the corresponding
dimension was good (0.66-0.91). In the current study,
Cronbach’s a was 0.86.

Teacher’s Perceived Online Learning Difficulties of
Students

Using the results of existing literature as well as open interviews,
we compiled a questionnaire about students’ online learning
difficulties. The questionnaire consisted of five items. The
guidelines of the scale stated: “The following lists the common
difficulties encountered by students in online teaching.” The
items were: “inattention,” “cannot interact effectively with the
teacher,” “cannot attend class on time,” “insufficient preview and
review,” and “equipment network failure.” The answer to each
question was either “yes” or “no.” “Yes” is was as 1 point, and
“no” was counted as 0 points. The model fitting results of the
confirmatory factor analysis were good (y*/df = 9.615/5 = 1.92,
CFI = 0.97, TLI = 0.95, RMSEA = 0.022, SRMR = 0.015). The
scores of the five items were added together to form a total score.
The higher the score, the more online learning problems the
teacher perceives for his or her students.

Control Variables

We included the teacher’s teaching age as a control variable
because it may affect the teacher’s technical level (Hu et al., 2021).
Research has shown that the higher the teaching age, the worse
the teacher’s competence to integrate information technology
into teaching (Chen and Lu, 2020). We also controlled for the
location of the school (county/township or village). Although
there is no difference in hardware equipment between urban and
rural schools, there may be differences in teachers’ digital
competence and teachers’ online teaching methods (Du, 2017).
For example, urban teachers use both live streaming and
synchronous interactive discussions. However, rural teachers
only use interactive discussions, and mostly through
asynchronous means (Chen and Lu, 2020; Hu et al, 2021).
Finally, we controlled for primary/secondary schools and
educational backgrounds. Studies have found that these two
factors may affect the use and acceptance of information
technology, as well as the integration of technology and
teaching (Chen and Lu, 2020).

Analysis Procedure

First, we used the expectation-maximization (EM) algorithm to
fill in the missing values. Harman’s single-factor method was used
to assess the severity of common method variance (CMV) using
IBM SPSS 25.0. Mplus Version 7.4 was then used to test the
construct validity of the scale, with the estimation method used as
the maximum likelihood estimation (Muthén and Muthén,
2012). The model fit was jointly measured using five
indicators (x°/df, CFI, TLI, RMSEA, and SRMR). The
following values indicated a good fit: x*/df < 3, CFI >0.90, TLI
>0.90, RMSEA <0.08, and SRMR <0.08 (Marsh et al., 2004). IBM
SPSS 25.0 was then used for calculating descriptive statistics of the

Frontiers in Education | www.frontiersin.org

September 2021 | Volume 6 | Article 744950


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

Lietal

TABLE 1 | Descriptive statistics and correlation matrix of research variables.

M + SD 1 2
1 School location 1.40 £ 0.58 -
2 Primary/Secondary school 1.41 + 0.49 -0.09** -
3 Teaching age 2.30 £ 0.85 -0.17* 0.23*
4 Education background 2.58 + 0.56 -0.07** 0.19*
5 UIOT 3.07 + 0.74 0.01 -0.03
6 Digital competence 3.39 + 0.60 0.02 -0.13*
7 SOLD 238 +1.12 -0.03 0.01
8 Online teaching behavior 3.19 + 0.61 -0.08 -0.08**

Digital Competence and Online Teaching

3 4 5 6 7 8
-0.20" -
0.01 -0.04 -
-0.22* 0.08* 0.47* -
-0.04 0.11* -0.19" -0.05* -
-0.18™ 0.06™ 0.54** 0.66™ -0.13"

UIOT, use intention of online teaching;, SOLD, students’ online learning difficulties. *p < 0.05, *p < 0.01.

data, correlation analysis, and Cronbach’s a. Finally, the SPSS
Process macro developed by Hayes, 2013 was used to test the
mediating and moderating effects.

RESULTS

Test for Common Method Variance

The self-reporting method used to collect data from the study’s
participants may have resulted in CMV. Thus, the testing process
had to be strictly controlled. First, it was emphasized that the
questionnaire results would only be used for academic research,
and all information provided was kept strictly confidential.
Second, the questionnaire was anonymously completed by the
participants. To posttest the threat of CMV, Harman’s single-
factor method was used to test for CMV (Podsakoff et al., 2003),
and an unrotated exploratory factor analysis was performed on all
questions. The results showed that the four factors had an initial
eigenvalue greater than 1. The variance explained by the first
factor was 48.34%. This was less than the critical value of 50%,
indicating that the CMV was not obvious under Harman’s single-
factor method (Hair et al., 1998).

Descriptive Statistics and Correlations

Between Variables

The correlations between school location and the four study
variables were not significant. School location and teaching
experience were significantly and negatively correlated with the
other three study variables, except for the insignificant correlation
with students” online learning difficulties. Education background
was significantly and positively correlated with the four study
variables. The other three study variables were significantly and
positively correlated with each other, except for the significant
negative correlation between students” online learning difficulties
and the other three study variables (Table 1).

Test for the Moderated Mediation Model
Use Intention of Online Teaching Played a Mediation
Role Between Digital Competence and Online
Teaching Behavior

The relationship between online teaching behavior, intention to
use online teaching, and teachers’ digital competency was

regressed using Model 4 (Model 4 hypothesis is a mediating
effect test, which is consistent with the hypothesis model of this
study) in the SPSS Process macro developed by Hayes, 2013 after
controlling for educational background, teaching age, primary/
secondary school, and school location. The results showed that
after controlling for basic demographic information, teachers’
digital competence was a significant predictor of online teaching
behavior (B = 0.68, t = 39.77, p < 0.001) (Table 2). Hypotheses 1
were tested. After the mediating variable (intention to use online
teaching) entered the equation, teachers’ digital competence
remained a significant predictor of online teaching behavior (B =
0.54, t = 29.92, p < 0.001) and was a significant predictor of
intention to use (f =0.27, t=9.02, p < 0.001). Hypotheses 2 were
tested. Intention to use was likewise a significant predictor of
online teaching behavior (f = 0.23, t = 15.86, p < 0.001). The
indirect effect was 0.136 (SE = 0.012) with a bootstrap 95%
confidence interval without a value of 0 (95% CI [0.113, 0.161]),
and the mediating effect accounted for 20% of the total effect.
Hypotheses 3 were tested.

Students’ Online Learning Difficulties Played a
Moderating Role in Mediating the Process From
Teachers’ Digital Competence to Online Teaching
Behavior

Using Model 7 in the SPSS Process macro prepared by Hayes,
2013 (Model 7 assumes the presence of moderation in the first
stage of the indirect path in the mediating effect, which is
consistent with the model assumed in this study), and after
controlling for educational background, teaching age, school
location, and school section, with students’ online learning
difficulties as the moderating variable, the results showed that
the moderating term of digital competency x learning online
learning difficulties was a significant predictor of intention to use
online instruction (f = -0.07, t = -3.11, p < 0.001) (Table 3). This
indicates that online learning difficulties moderated the
relationship between teachers’ digital competency and
intention to use online instruction.

A simple slope analysis using the SPSS Process 3.0 macro showed
that when perceived student online learning problems were high,
the effect of teachers’ digital competence on intention to use online
instruction was weaker (Figure 2). Hypothesis 4 was tested.

Further analysis of the moderating effect of teachers’ perceived
online learning difficulties of students on the indirect effect of
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TABLE 2 | Analysis of use intention of online teaching, digital competence, and online teaching behavior.

Variables Step: 1: OTB Step: 2: UIOT Step: 3: OTB
B SE t B SE t B SE t
Control variables
(Constant) 1.08 0.09 11.68"* 0.94 0.15 6.45** 0.87 0.09 9.92***
School location -0.04 0.02 -2.0 0.03 0.03 1.1 -0.04 0.02 —2.56*
Primary/Secondary school 0.01 0.02 0.43 0.02 0.03 0.63 0.01 0.02 0.22
Teaching age -0.02 0.01 -1.4 0.1 0.02 4.84* -0.04 0.01 -3.32"**
Education background -0.02 0.02 -0.95 -0.08 0.03 -2.81* 0.001 0.02 0.05
Independent Variables
Digital Competence 0.68 0.02 39.77 0.29 0.03 9.02™** 0.54 0.02 29.92*
uloT 0.23 0.01 15.86*
R 0.7 0.48 0.75
R 0.49 0.23 0.56
F 339.39"* 102.79" 365.33**
UIOT, use intention of online teaching; OTB, online teaching behavior. **p < 0.001; **p < 0.07; *p < 0.05.
TABLE 3 | Analysis of use intention of online teaching, digital competence, and online teaching behavior, students’ online learning difficulties.
Step 1: UIOT Step 2: OTB
B SE T B SE t
Control variables
(Constant) 2.95 0.11 27.77 2.7 0.08 35.08"*
School location 0.03 0.03 0.99 -0.04 0.07 -2.56*
Primary/Secondary school 0.02 0.03 0.61 0.004 0.02 0.22
Teaching age 0.09 0.02 455" -0.04 0.01 -3.32"**
Education background -0.06 0.03 -2.05* 0.001 0.02 0.05
Independent Variables
Dig Com 0.6 0.03 22.59"* 0.54 0.02 29.92*
SOLD -0.11 0.01 —7.74"*
Dig Com x SOLD -0.07 0.02 =311
uloT 0.23 0.01 15.86*
R 0.51 0.75
R 0.26 0.56
F 86.11™ 365.33"*

UIOT, use intention of online teaching; DigCom, digital competence; SOLD, students’ online learning difficulties; OTB, online teaching behavior.**p < 0.001; *p < 0.05.
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FIGURE 2 | Moderating role perceived students’ online learning
difficulties (SOLD) between teachers’ digital competence (DigCom) and
intention to use online instruction.

teachers’ digital competence on teachers’ online teaching
behaviors showed that the mediating effect of teachers’ online
teaching use intentions was significant when students’ online

learning problems took values plus or minus one standard
deviation, and none of their confidence intervals contained 0
(Table 4). The indirect effect was stronger when teachers’
perceived students’ online learning difficulties were weak.
Hypothesis 5 was tested.

DISCUSSION

Summary of Results

This study draws on the TPACK theory to ascertain the
relationship between teachers’ digital competence and online
teaching behavior. Building on earlier research (Mishra &
Koehler, 2006) and reviews (Porras-Hernandez and Salinas-
Amescua, 2013), we aimed to ascertain the extent to which
digital competence contributes to online teaching behavior.
Further, we investigated whether students’ online learning
difficulties moderated the effects of digital competence on the
intention to use online teaching. The theory of the TPACK model
is further enriched by the interpretation of the relationship
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TABLE 4 | Moderated mediating effects of online learning difficulties.

SOLD Effect
The mediating role of UIOT M-1SD 0.15

M 0.13

M+1SD 0.12

Digital Competence and Online Teaching

Boot SE Boot low CI Boot high CI
0.02 0.12 0.18
0.01 0.11 0.16
0.01 0.09 0.14

Cl, confidence interval; Cl: 95%, UIOT, intention to use online teaching; SOLD students’ online learning difficulties.

between teachers, students, pedagogy, and technology in teaching
(Angeli & Valanides, 2009).

Theoretical Implications

In support of the TPACK framework, digital competence
contributes to online teaching behavior. Higher digital
competence among teachers is conducive to the integration of
technology teaching and learning and the advantages of digital
technology, such as presenting teaching content in multiple ways
(Yang and Hu, 2014) and grasping students’ learning information
in real time so they can guide, encourage, give feedback, and adjust
teaching promptly (Zhang et al., 2016). Contrarily, when teachers
are not digitally competent, difficulties will arise in personalized
instructional design for online teaching—which in turn leads to the
incompetence of technology to produce structural changes in
teaching and learning (Jose, 2017). For example, Wang et al.
(2020) noted that teachers in urban areas are more likely to use
self-produced resources and live streaming, while teachers in rural
areas are more likely to use resources provided at the national and
county levels—which makes significant differences in teachers’
instructional design in terms of personalization of instructional
resources, and can also affect students’ learning experiences. While
previous studies have shown that digital competence can
significantly improve teachers’ online teaching behaviors, most
studies have focused on famous teachers in famous schools or
massive open online course (MOOC) teaching, and have not
studied the online teaching behaviors of frontline teachers. This
study validated previous findings with a sample of primary and
secondary school teachers.

In line with the TPACK, support for the mediating role of use
intention in online teaching was evident when investigating the
impact of digital competence and use intention of online teaching
on online teaching behavior. The results indicated that the higher
the digital competence, the better the online teaching behavior.
The effect of digital competence on online teaching behavior was
mediated by the intention to use online teaching. Online teaching
is a reintegration of technology and teaching, which requires
teachers to have an active intention to use it and actively combine
the features of online teaching (e.g. richness of resources,
teacher-student interaction, real-time feedback) to redesign it.
Teachers must have the intention to use online teaching and
actively redesign their teaching with the features of online
teaching for them to have better online teaching behavior.

The TPACK theory emphasizes the role of student
characteristics in the model. We argue that student
characteristics can be viewed as contextual variables that
influence teachers’ online instruction; that is, student factors
may moderate the relationship between digital competence and

intention to use online teaching. We examined the role of students’
online learning difficulties as a moderator—predicting that with
decreased student online learning difficulties, the effect of digital
competence on intention to use online teaching would be
accentuated. Whether in an online or face-to-face setup,
students are always the main subject of education, and the
design of teaching behaviors for online teaching should be based
on students’ characteristics as well. Yu and Wang (2020) pointed
out that Student-centered classroom instruction is achieved by
developing students’ competence to plan, execute, and reflect on
their own. Online teaching requires not only these abilities, but also
requires good digital competence and self-management.

Practical Implications

Improving Teachers’ Digital Competence to Meet the
Requirements of Online Teaching

Teachers should improve their proficiency in digital technology
and their competence to acquire, analyze, and integrate digital
resources with teaching content to make such content more
intuitive, vivid, and easily understood. Examples of this are
using relevant video resources to present abstract knowledge,
and using information technology to collect and analyze data on
students’ learning characteristics, and adjusting and improving
teaching behaviors through said data’s results (Liu G. D, 2019; Liu
J. W, 2019)—all of which are inextricably linked to teachers’
digital competencies.

Cultivating Teachers’ Intention to Use Online Teaching
to Promote Online Teaching Behaviors

In improving teachers’ digital literacy, while paying attention to the
cultivation and improvement of their digital competence is
necessary, attention should also be paid to cultivating their
intention to use online teaching. Online teaching has higher
requirements for teachers than traditional classroom teaching.
The technology and rich digital resources brought about by the
development of information technology, and different people will
have different degrees of use for them. Therefore, in teacher training
and teaching work, teachers should strengthen their intention to use
online teaching and improve their awareness of combining
information technology with their teaching activities—avoiding
the mechanical transfer of offline teaching online (Zhang et al., 2020).

Improving Students’ Information Literacy to Promote
Teacher-Student Online Teaching Interaction

Online teaching places more emphasis on a student-centered,
which places higher demands on students’ learning behaviors and
requires attention to students’ information literacy while
emphasizing the strengthening of teachers’ digital capabilities
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and improving their intention to use online teaching. Students
with high information literacy can quickly grasp and use the
functions of the teaching platform and can better ask questions,
discuss, and provide feedback in class. For example, students’
active completion of online reading and discussion before class
can enhance the depth of classroom communication, and the
discussion forum and homework review after class can provide
more feedback and communication for students (Ma, 2020).
Moreover, students’ increased competence to access, analyze,
and integrate digital resources could also improve the depth of
the discussion and knowledge taught in the teacher’s classroom.

Limitations and Future Research

This study provides unique insights into improving online teaching
behaviors. However, it is not without limitations. First, although
the research questions were based on a theoretical foundation, the
data used was cross-sectional, making causality difficult to
determine. Future research may choose to utilize experimental
methods or adopt a longitudinal design to sort out the causal effects
between variables. Second, the self-reporting of the respondents
may have led to CMV. All data in this study were obtained from
teachers’ self-assessments. However, the result of Harman’s single-
factor method indicated that CMV was not obvious in this study.
Nonetheless, future studies should collect data from multiple
sources to address this. Third, this study focused only on the
moderating role of online learning difficulties in student
characteristics. However, other contextual variables influence
teachers’ online teaching behaviors, such as other student
characteristics (e.g., family’s socioeconomic status) and school
factors (e.g., school digital infrastructure development and
school digital teaching support). Thus, future research could
examine other situational variables from a multilevel
perspective. Finally, few studies have focused on students’
online learning difficulties, resulting in a lack of appropriate
measurement instruments. We used the results of existing
literature as well as open interviews, and compiled a
questionnaire about students’ online learning difficulties. Future
studies may consider further improvement of the instrument.
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