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Abstract: During the COVID-19 pandemic, university teachers need to spend time and energy getting
used to the online teaching system and adapting their teaching materials to the new teaching mode.
According to the social cognitive theory, teachers’ technological pedagogical content knowledge
(TPACK) and their work engagement, both of which can be important sources of efficacy beliefs, can be
critical in conducing teachers’ self-efficacy for online teaching and in turn their well-being. Based on
the data collected from 2763 university teachers during the COVID-19 pandemic in China, this study
explored how TPACK and work engagement contribute to teachers’ self-efficacy for online teaching,
if there is any interaction between TPACK and work engagement, and how self-efficacy mediates the
relationships between TPACK and teachers’ online-teaching-related emotional exhaustion, teaching
satisfaction, and their intention to use online teaching in the future. The implications for theory and
practice are discussed.

Keywords: technological pedagogical content knowledge; self-efficacy; work engagement; well-being;
university teachers

1. Introduction

During the COVID-19 pandemic, physical distancing and quarantine are important
measures to control the rapid spread of the virus [1,2]. As a result, schools and universities
are closed, and a shift away from traditional classroom teaching towards online or virtual
learning has been observed all over the world [2]. This shift brings many new challenges to
teachers and students in higher education institutions across countries. On the one hand,
the new teaching mode requires both teachers and students to adapt to the online teaching
system, and teachers in particular have to adapt their teaching materials to the online
teaching mode. On the other hand, the lack of real-time, face-to-face classroom interactions
may make teachers feel less engaged both physically and emotionally. Moreover, like other
parents, teachers who have to take care of their school-age children when working from
home may find it extremely stressful to balance the work and family roles, and they may
thus show less vigor and enthusiasm in their teaching [3].

Both of the abovementioned scenarios may have salient impacts on university teachers’
self-efficacy for online teaching and their work-related well-being [4-6]. Comparatively, the
challenges regarding the new online teaching mode seem to be less difficult to overcome. In
China, for example, most university teachers have adopted multimedia in their classroom
instruction for years, and most are quite capable and can surely adapt themselves to the
online teaching software and platforms. However, some may find it difficult to adapt their
teaching materials and teaching styles to facilitate their online teaching. Despite researchers
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having embraced the theoretical framework of Technological Pedagogical Content Knowl-
edge (TPACK), which assured that effective technology integration in teaching requires “a
nuanced understanding of the complex relationships between technology, content, and ped-
agogy” [7,8], its importance is mainly recognized in primary or secondary school education.
Little attention has been paid to higher education [9]. The lack of TPACK and the failure to
recognize and take full advantage of the connections among technological, pedagogical,
and content knowledge may contribute to university teachers’ struggles during online
teaching, leading to a sense of incapability.

The challenges regarding teacher engagement, however, seem to be more complicated.
Real-time classroom interactions are central to the teaching and learning processes. While
the vigor, dedication, and enthusiasm shown by teachers contribute to students” partic-
ipation in the classroom, students’ real-time responses are also important for teachers.
Students’ facial expressions, verbal responses, and even body language all give teachers
clues about whether they are interested in the particular topic or how well they understand
the course content. Students’ attentiveness, active participation, and proper feedback
would also influence teachers’ moods and teaching enthusiasm. Therefore, the lack of face-
to-face interaction during online teaching prevents teachers from getting useful clues and
feedback, and thus may let teachers feel less engagement both physically and emotionally.
Extra family responsibilities faced by teachers due to social distancing and quarantine may
also make it more difficult for them to commit themselves to online teaching, and reduce
their sense of efficacy [3].

Therefore, in this study, we attempted to test whether and how teachers” TPACK and
engagement during the COVID-19 pandemic are associated with their perceived efficacy,
and in turn their online-teaching-related well-being and intention to use online teaching
in the future. In educational settings, teachers” self-efficacy is usually defined as a state-
like characteristic, and may change across situations and develop over time [5,6]. For
example, teachers’ sense of efficacy for inclusive education can be quite different from
their efficacy for traditional education. Teachers” sense of efficacy can also vary across
different subjects, learning topics, and teaching tasks. Therefore, university teachers’
efficacy for online teaching during the COVID-19 pandemic can be quite different from
their efficacy for traditional teaching on normal days. According to the social cognitive
theory, mastery experience, physiological and emotional states, vicarious experience, and
social persuasion are four major sources of efficacy beliefs [4]. Therefore, in the context
of online teaching, teachers” TPACK, which is drawn from their previous mastery or
vicarious experience and contributes to their future mastery experience, can be critical in
conducing teachers’ self-efficacy for online teaching, and in turn their well-being. Likewise,
work engagement in the current study is defined as the “persistent, positive affective-
motivational state of fulfillment in employees that is characterized by vigor, dedication,
and absorption” [10]. Teachers” work engagement or their flow experience reflects the level
of arousal of their physiological and emotional states, which adds to the feeling of mastery
or incompetence [5,11]. Therefore, teachers” TPACK and work engagement also represent
two sources of teacher efficacy: mastery experience and affective states.

In short, an investigation on the relationships between university teachers’ TPACK,
work engagement, and teacher efficacy as well as their roles in influencing teachers’ online-
teaching-related well-being and future intention can provide a better understanding of
university teachers’ professional lives during the pandemic. It can also contribute to
a discussion about the gains and pitfalls in the adaptation of online learning in higher
education and to what extent online teaching can be integrated into traditional higher
education teaching modes even after the pandemic.

To address the existing research gaps, the present study collected data from 2763 university
teachers during the COVID-19 pandemic in China and explored how TPACK contributes to
teachers’ self-efficacy for online teaching and how self-efficacy mediates the relationships
between TPACK and teachers’ online-teaching-related emotional exhaustion, teaching
satisfaction, and their intention to use online teaching in the future. The moderation role of
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teacher engagement is also examined. Three research questions guided this study: (1) How
do TPACK and work engagement contribute to university teacher efficacy, well-being (i.e.,
emotional exhaustion and teaching satisfaction), and intention to use online teaching in the
future? (2) Is there any interaction effect existing between TPACK and work engagement?
and (3) Does teacher self-efficacy mediate the relationships between TPACK and teachers’
well-being and future intention?

2. Literature Review
2.1. Teacher Self-Efficacy

Self-efficacy is generally defined as individuals’ beliefs about their skills and capacities
to fulfill certain tasks, and determines individuals’ resistance to obstacles, persistence when
faced with setbacks, and determination to fulfill difficult tasks [4,12]. In educational settings,
teacher self-efficacy refers to teachers’ beliefs about their teaching-related capabilities and
the extent to which they can affect their students’ motivation and performance [5,6]. It is
positively related to teachers’ positive attitudes about teaching, persistence in the face of
setbacks or failures, teaching effectiveness, and professional competence as well as student
classroom participation and academic achievement [13-15].

Bandura’s social cognitive theory suggested that teacher efficacy is a state-like vari-
able, and may develop over time and vary across, for example, different teachings tasks,
learning topics, and subjects [4]. There are four principal sources of information on which
teachers can build their efficacy via cognitive processing, including mastery experience,
physiological and emotional states, vicarious experience, and verbal persuasion. Among
these four sources, mastery experiences (i.e., one’s own successful experience) and the ac-
companying physiological and emotional states (i.e., level of arousal) represent individuals’
first-hand experience of success, while vicarious experience (i.e., others as successful role
models) and verbal persuasion (i.e., others” assurance about the potential of success) reflect
individuals’ second-hand information about the potential success that they obtained either
through daily observation or personal communication [5,16]. It is reasonable to infer that
individuals” direct, first-hand experience is more critical to the development of efficacy
beliefs than their indirect, second-hand experience. Therefore, in the current study, we
focused on the roles of teachers’ TPACK and engagement. Teachers” TPACK represents
the synthesized skills possessed by the teachers which can be used to facilitate their ICT
integrated teaching, and thus directly contributes to teachers’ mastery experiences, while
teachers’ engagement characterized by the activated pleasant affect and energetic feelings
can in some way enhance the feelings of success or mastery.

Defined as a state-like variable, teacher self-efficacy is context-specific, task-dependent,
and goal-oriented [5,17,18]. During the COVID-19 pandemic, the contexts, tasks, and
goals of university teachers have more or less changed. The online teaching system and
extra family burden have redefined the contexts of teaching. Teachers’ self-efficacy for
online teaching can be quite different from that for traditional classroom teaching. Teachers
may find it more difficult to engage their students when they cannot really see what their
students are doing behind the computer screen. The goals of teaching may not be merely to
teach the required courses but also to cheer each other up and to reduce the potential harm
caused by social distancing and quarantine. Therefore, it is important to look at university
teachers’ self-efficacy during the COVID-19 pandemic and to investigate factors that may
impact their self-efficacy, and how their self-efficacy may influence their well-being and
intention to use online teaching in the future.

2.2. TPACK

Teacher knowledge is multifaceted. Typically, a teacher not only needs to know the
subject matter to be taught (i.e., content knowledge, CK) but also has to understand the
learning and teaching process, to see students’ learning difficulties, and to adopt proper
pedagogical approaches (i.e., pedagogical knowledge, PK). Shulman proposed the concept
of pedagogical content knowledge (PCK), suggesting that the two fundamental forms of
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teacher knowledge (i.e., CK and PK) are not mutually exclusive, and the overlapping area
of the two is PCK, a unique form of teachers” knowledge that integrates specific domain
knowledge with appropriate teaching approaches [19,20].

With the rapid development of Information and Communication Technology (ICT) and
the integration of ICT in educational settings, technological knowledge (TK), or teachers’
understanding of technologies and relevant operating skills, has emerged as the third fun-
damental form of teacher knowledge. Therefore, built on Shulman’s notion of PCK [19,20],
the theoretical framework of TPACK has been developed to illustrate the three fundamental
forms of teacher knowledge (i.e., CK, PK, and TK) and the overlapping areas of two or three
of them [7,21]. Under the TPACK framework, a total of seven types of teacher knowledge
are defined: the three fundamental forms of teacher knowledge, the overlapping areas of
each two types of fundamental knowledge (i.e., PCK, technological pedagogical knowledge
(TPK), and technological content knowledge (TCK)), and the overlapping area of the three
(i.e., TPACK). Obviously, the triple integration of fundamental forms of knowledge is
at the core of the TPACK framework. It represents knowledge regarding how to adopt
technologies to enhance the teaching and learning process for specific teaching content,
and could be seen as the “contextualized and situated synthesis of teacher knowledge that
manifests itself in ICT-integrated lessons” [7].

TPACK gives information about whether and how teachers can integrate ICT into
classroom teaching and allow teachers to design suitable teaching and learning activities
for their students. While the importance of TPACK is widely recognized, little attention
has been paid to the TPACK possessed by university teachers. This lack of due attention
seems to be more striking when online or virtual learning has become and will be the new
reality faced by teachers and students for some time to come.

2.3. Work Engagement

Work engagement is defined as “a sense of energetic and effective connection with
their work activities” and the extent to which individuals “see themselves as able to deal
well with the demands of their jobs” [22]. From the perspective of positive psychology,
work engagement measures the strength and optimal functioning of followers [22,23]. Work
engagement includes three pervasive, affective-cognitive states, namely, vigor, dedication,
and absorption [22,24]. Vigor reflects the extent to which followers are energetic, persis-
tent, and resilient during work; dedication reveals how followers devote themselves to
their work and find passion and enthusiasm in it; and absorption denotes a flow state in
which followers fully concentrate on and immerse themselves in their work with great
pleasure [24,25].

The concept of state engagement is similar to the “flow” experience. A flow state is
a mental state in which a person is fully immersed in the process of the ongoing activity
with a feeling of energized focus, full involvement, and enjoyment. The experience of
flow requires the balance between challenges and abilities, and between requirements
and resources [26]. Accordingly, followers are more likely to show vigor, dedication, and
absorption when the organizational environment can provide the followers with abundant
resources even in the face of setbacks and failure (needs-supplies fit), when job requirements
and task difficulties match with the ability and skills of the followers (demands-abilities fit),
and when the nature and characteristics of the job match with the interest and preference
of the employee (person-job fit) [25,27,28].

Faced with new challenges and extra role requirements during the COVID-19 pan-
demic, university teachers” work engagement may display some different features. It will
be fruitful to investigate teachers’ work engagement during the pandemic and its potential
roles in influencing teachers’ efficacy, well-being, and intention to use online teaching in
the future.

In sum, TPACK represents the knowledge required for mastery experience, and
work engagement reflects the physiological and emotional states during online teaching.
Tschannen-Moran et al., suggested that the level of arousal adds to the feeling of mastery or
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incompetence [5], while the flow theory states that the match between one’s abilities and the
requirements is an important prerequisite for flow experience or work engagement. In other
words, mastery experience and physiological and emotional states are not only conducive
to efficacy expectation but may enhance each other. Therefore, we are also interested in the
interactional effect of TPACK and work engagement on teacher self-efficacy.

2.4. Well-Being and Future Online-Teaching Intention

Teachers’ well-being during the COVID-19 pandemic and their future online-teaching
intentions are implicated by teachers’ online-teaching-related emotional exhaustion, teach-
ing satisfaction, and their intentions to use online teaching in the future.

Emotional exhaustion is a pivotal element of burnout that depicts the feelings of
fatigue induced by persistent depletion of emotional resources [29]. It is common for
individuals who use their emotional resources during interpersonal interactions, especially
when they are interacting with people who they believe to occupy a higher power position
than themselves. The long-term, frequent use of emotional resources and the limited
sources of replenishment will cause emotional exhaustion [30], which in turn leads to
resource conservation and disengagement [29].

Teaching satisfaction denotes teachers’ subjective evaluation of their job and its related
aspects [31]. High teaching satisfaction reflects teachers’ sense of fulfilment and feeling of
gratification towards their teaching job [30]. Different from emotional exhaustion which is
individuals” immediate response towards certain workplace stressors or a lack of supports,
teaching satisfaction is a comprehensive construct that describes teachers’ overall feelings
toward teaching after entirely evaluating the salaries, work environment, long-term career
opportunities, and personal values [32,33]. Therefore, teachers may experience emotional
exhaustion everyday but still feel satisfied with their teaching job.

Teachers’ intentions to use online teaching in the future represent their future behav-
ioral tendency. There are various theories that tackle the factors influencing individuals’
decision-making processes and behaviors. For example, the expectancy-value theory pro-
poses two important predictors of individuals” motivated behaviors, namely, individuals’
perceived value of a specific action and its outcome (i.e., subjective task value) and indi-
viduals’ perceptions of their own abilities or control over the process or its results (i.e.,
expectation of success) [34]. In a similar manner, the theory of planned behavior empha-
sizes that individuals’ attitudes towards a specific behavior and its outcome (i.e., value
in the eyes of the self), subjective norms (i.e., value in the eyes of significant others), and
their perceived behavioral control (i.e., expectation for success) are predictive of their be-
havioral intentions and actual behaviors [35,36]. Both theories suggested that individuals’
perceived control or beliefs in their own abilities have important implications for their
behavioral intentions.

Comparing these three outcome variables, emotional exhaustion is a more direct,
emotional reaction to job-related stress, teaching satisfaction reflects individuals” cognitive
evaluation of various aspects of their job, while intention to use online learning in the
future represents teachers’ future behavioral intentions based on these emotional states
and cognitive evaluations.

2.5. The Present Study

In order to provide a better understanding of university teachers” professional lives
during the COVID-19 pandemic, the present study aimed to investigate relationships
between university teachers’ TPACK, work engagement, and teacher efficacy as well as their
roles in influencing teachers’ online-teaching-related well-being and behavioral intentions.

Echoing the three research questions, the following hypotheses were established:

H1: TPACK is significantly related to teacher efficacy (positively, Hla), emotional exhaustion
(negatively, H1b), teaching satisfaction (positively, Hlc), and future use intention (positively, H1d).
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H2: Work engagement is significantly related to teacher efficacy (positively, H2a), emotional
exhaustion (negatively, H2b), teaching satisfaction (positively, H2c), and future use intention
(positively, H2d).

H3: TPACK and work engagement interact with each other in the relationships hypothesized in
H1a-H1d and H2a-H2d (H3a-H3d).

Ha4: Teacher efficacy mediated the relationships between TPACK and emotional exhaustion (H4b),
teaching satisfaction (H4c), and future use intention (H4d).

Figure 1 shows the conceptual and statistical framework of the present study.

The conceptual model

Teacher self-

Work efficacy
engagement
TPACK » EE. TS, or Intention
Teacher self- The statistical model
efficacy
TPACK EE. TS, or Intention
Work
engagement

TPACK X Work
engagement

Figure 1. The Conceptual and Statistical Model of the Present Study. TPACK = Technological pedagog-
ical content knowledge; EE = Emotional exhaustion; TS = Teaching satisfaction; Intention = Intention
to use online teaching in future.
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3. Materials and Methods
3.1. Participants

Consistent with research ethics review procedures, this study was carried out in
accordance with the recommendations of the Survey and Behavioral Research Ethics
Committee at the institute where the second author works.

The data collection was conducted in April 2020 when the COVID-19 pandemic
was prevalent in the Chinese mainland. All Chinese higher education institutions had
suspended face-to-face teaching and adopted the online teaching mode, following the
requirement of the Ministry of Education. Through the platform of wenjuanxing (Question-
naire Star, Changsha, China), we invited university teachers across China to complete this
questionnaire survey on a voluntary basis.

The final valid sample of the current study included 2763 university teachers from
more than 300 universities and colleges in China. The participants taught in various
disciplines. Out of the 2763 teachers, 1047 (37.9%) were male teachers, and 1716 (62.1%)
were female teachers. In terms of their teaching experience, 923 (33.4%) teachers reported
having less than 10 years of experience, 1506 (54.5%) had 10 to 30 years, and 334 (12.1%) had
more than 30 years of experience. The majority of participating teachers reported having
a master’s (1330, 48.1%) or doctoral degree (1238, 44.8%), and only 195 (7.1%) teachers
reported having a bachelor’s degree.

3.2. Measures
3.2.1. TPACK

TPACK of teachers was measured by a 6-item scale adapted from Chai et al. [7]. Items
were slightly modified to suit the daily teaching context in higher education. A sample item
is “I can design student-centered learning that integrates knowledge of teaching content,
technologies and pedagogies in university teaching.” The Cronbach’s « coefficient of the
TPACK scale in this study was 0.91.

3.2.2. Work Engagement

Teachers” work engagement was measured by the Utrecht Work Engagement Scale
Shortened version (UWES-9) [22]. The UWES-9 scale has three three-item subscales. Sam-
ples items include “During online teaching, I feel bursting with energy” (vigor), “I am
enthusiastic about my online teaching” (dedication), and “I am immersed in my online
teaching work” (absorption). The Cronbach’s « coefficient of the full scale and the three
factors mentioned above were 0.96, 0.86, 0.94, and 0.92, respectively. In the current study,
we used the composite factor of work engagement due to the extremely high correlations
among the three factors (i.e., higher than 0.75).

3.2.3. Teacher Efficacy

Teacher self-efficacy for online teaching was measured by Yin et al.’s five-item personal
teaching efficacy scale (PTE) [37]. A sample item is “If I really try hard, I can get through to
even the most difficult or unmotivated students via online teaching.” The Cronbach’s o
coefficient of teacher self-efficacy in this study was 0.87.

3.2.4. Emotional Exhaustion

Teachers’ emotional exhaustion was measured by the five-item scale extracted from
the Maslach Burnout Inventory-General Survey [29]. These items were slightly adapted to
suit the context of online teaching. An example is “I feel very tired to face the day’s online
teaching work every morning when I get up.” The Cronbach’s « coefficient of emotional
exhaustion in this study was 0.91.

3.2.5. Teaching Satisfaction

A four-item scale adapted from Grace et al., was used to measure teachers’ satisfaction
with online teaching [38]. An example of the items is “Overall, I am satisfied with my
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online teaching quality.” The Cronbach’s « coefficient of teaching satisfaction in this study
was 0.91.

3.2.6. Intention to Use Online Teaching in the Future

A four-item scale adapted from Yin et al., was used to measure university teachers’
intentions to use online teaching in the future [39]. A sample item is “I am going to continue
the mode of online teaching in my courses in the future.” The Cronbach’s « coefficient of
intention to use online teaching in the future in this study was 0.89.

As previously mentioned, the wording of all items was slightly modified to accom-
modate the elements of online teaching. All items were scored on a 5-point Likert scale
(1 = strongly disagree to 5 = strongly agree).

3.3. Analytic Procedure

SPSS were used to calculate descriptive information and Cronbach’s « of relevant
variables. The OMEGA macro for SPSS was used to calculate McDonald’s w. In order to
confirm the construct validity (including convergent and discriminant validity) of relevant
constructs. Confirmatory factor analysis (CFA) was conducted in Mplus to obtained the
factor loadings for relevant constructs, which in turn were used to calculate composite
reliability (CR) and average variance extracted (AVE). Confirmatory rather than exploratory
factor analysis was used to calculate factor loadings since all scales used in this study
were all well-established scales. The CFA results TPACK, work engagement, teacher
efficacy, emotional exhaustion, teaching satisfaction and intention to use online teaching
in feature were satisfactory: )(2 =7536.99, df =480, CFI =0.91, TLI = 0.91, RMSEA = 0.073,
and SRMR = 0.038. CR and McDonald’s w are less biased estimates of reliability than
Cronbach’s «, and values greater than 0.7 indicating good reliability. AVE greater than
0.5 indicates good convergent validity, while square root of AVE greater than construct
correlations indicates good discriminant validity.

The PROCESS macro for SPSS [40,41] was used to test the relationships between
variables of interest. The PROCESS macro was developed by Andrew F. Hayes, and
it provides a relatively simple way to test various types of mediating and moderating
effects. The standardized values of all variables were calculated and used in the tested
model in order to alleviate multicollinearity and to obtain standardized estimates. The
interaction term (TPACK x Engagement) was calculated by multiplying the standardized
values of TPACK and work engagement. A total of three models were tested for the three
outcome variables (i.e., emotional exhaustion, teaching satisfaction, and future intention),
respectively. Template Model 8 was specified in the data analysis with TPACK entered as the
X variable, teacher efficacy as the mediator M, work engagement as the moderator variable
W, and an outcome variable as the Y variable. Teachers’ gender, years of experience, and
educational background were also entered as control variables. Following Preacher et al.,
bootstrapping techniques were used to assess the significance of the conditional indirect
effects (95% confidence intervals, number of bootstrap samples = 5000) [40].

4. Results
4.1. Descriptive Statistics, Reliability, Validity and Correlations

The results of descriptive statistics (M and SD), reliability (CR, Cronbach’s o, Mc-
Donald’s w), and convergent validity (AVE) for each variable and the latent correlations
between the relevant variables are presented in Table 1. The results show that teachers
reported having relatively high levels of work engagement (M = 3.98) and teaching self-
efficacy (M = 4.12), and relatively low levels of emotional exhaustion (M = 3.08), although
there were considerable individual differences, with SD values ranging from 0.90 to 1.08.
TPACK was significantly and moderately related to most other variables (r values ranging
from 0.44 to 0.54), and negatively related to emotional exhaustion (r = —0.22). Moderate to
strong positive correlations were found between work engagement, teacher self-efficacy,
teaching satisfaction, and intention to use online teaching in the future. Teachers’ demo-
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Efficacy =b0 + bl x TPACK + b2 x engagement + b3 x TPACK x Engagement + bi x Control variable; + ¢,

DV =b0 + bl x TPACK + b2 xengagement + b3 X efficacy + b4 x TPACK x Engagement + bi x Control

graphic information was only weakly, if at all, related to the relevant variables. The values
of CR, Cronbach’s &, and McDonald’s w were all greater than 0.7, indicating good reliability
of scales. The values of AVE were all greater than 0.5, indicating good convergent validity,
and most of the square roots of AVE were greater than correlations between constructs,
indicating acceptable discriminant validity.

Table 1. Latent correlation matrix, reliability, and validity of relevant constructs.

TPACK Engagement  Efficacy EE TS Intention
TPACK (0.79)
Engagement 0.55 (0.84)
Efficacy 0.60 0.88 (0.76)
EE —0.24 —0.44 —0.39 (0.81)
TS 0.48 0.86 0.79 —0.46 (0.85)
Intention 047 0.81 0.74 —-0.37 0.97 (0.83)
CR 0.91 0.96 0.87 0.91 0.91 0.90
AVE 0.62 0.71 0.58 0.66 0.72 0.68
M 3.70 3.98 412 3.08 3.54 3.44
SD 0.59 1.00 0.90 1.08 0.77 0.79
Cronbach’s « 0.91 0.96 0.87 0.91 0.91 0.89
McDonald’sw 091 0.96 0.87 0.91 0.91 0.90

Notes: Xz =7536.99, df =480, CFI = 0.91, TLI = 0.91, RMSEA = 0.073, and SRMR = 0.038. TPACK = Technological
pedagogical content knowledge; EE = Emotional exhaustion; TS = Teaching satisfaction; Intention = Intention to
use online teaching in future. CR = composite reliability; AVE = average variance extracted (convergent validity);
M = Mean; SD = Standard deviation; Cronbach’s « = internal consistency; McDonald’s w was calculated from
exploratory factor analysis using maximum likelihood (ML) extraction. The square roots of AVE were presented
in parentheses.

4.2. Moderating Effects

The tested models were consistent with Edwards and Lambert’s direct effect and
first-stage moderation model [42]. Specifically, teacher efficacy mediated the relationship
between TPACK and teachers’ well-being and intention, and work engagement moderated
the path from TPACK to teacher self-efficacy and that from TPACK to teachers” well-being
and intention.

Three sets of models were tested in the present study, with emotional exhaustion,
teaching satisfaction, and future intention entered as dependent variables (DV), respectively.
Testing these models involves estimating the following equations:

(i=4,5,6) )

variable; +¢, (i=5,6,7) )

In the two equations, control variables refer to gender, years of experience, and
educational background, and e is an error term.

The results of the three sets of models are synthesized and presented in Table 2. In
Equation (1) of all three models, teacher self-efficacy (i.e., the mediator) was treated as the
dependent variable, and TPACK, work engagement, the interaction term, and covariates
were used as the predictors. Therefore, the results for teacher self-efficacy were the same
across the three tested model sets (i.e., Model M). In Equation (2) of these models, TPACK,
work engagement, their interaction term, teacher efficacy, and covariates were used as
the predictors, and emotional exhaustion, teaching satisfaction, and future intention were
treated as outcome variables in turn (i.e., Model O1 to Model O3).
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Table 2. The results of the moderated mediation model.

. O1: Emotional 02: Teachin .
Predictors M: Teacher Efficacy Exhaustion Satis factiong O3: Intention

B SE B SE B SE B SE
Constant —0.08 0.07 0.18 0.11 —0.18 ** 0.07 —0.04 0.08
TPACK 0.17 *** 0.01 —0.01 0.02 0.02 0.01 0.05 ** 0.02
Work engagement 0.71 *** 0.01 —0.35 *** 0.03 0.62 *** 0.02 0.59 *** 0.02
Efficacy —0.06 * 0.03 0.20 *** 0.02 0.16 *** 0.02
TPACK x Engagement —0.01 0.01 0.01 0.01 0.03 ** 0.01 0.04 *** 0.01
Gender 0.02 0.02 0.01 0.04 0.07 ** 0.02 0.05 0.03
Yrs of exp. 0.01 0.01 —0.02 0.01 —0.01 0.01 <0.01 0.01
Edu. Background 0.01 0.02 —0.06 * 0.03 0.04 0.02 —0.02 0.02

Notes: M: = Model M for the mediator; O1-O3: Model O1, Model 02, and Model O3 for each of three
outcome variables; 3 =  coefficient; SE = standard error; Intention = Intention to use online teaching in
future; TPACK = Technological pedagogical content knowledge; Yrs of exp. = Years of experience; Edu.
Background = Educational background. * p < 0.05; ** p < 0.01; *** p < 0.001.

As shown in Model M, both TPACK and work engagement were positively related
to teacher self-efficacy (TPACK: = 0.17, p < 0.001; engagement: = 0.71, p < 0.001), al-
though the 3 coefficient of their interaction term was not significant (TPACK x Engagement:
3 = —0.01, n.s.). The results indicated that work engagement did not moderate the relation-
ship between TPACK and teacher self-efficacy. Therefore, Hla and H2a were supported,
while H3a was not.

As shown in Model O1 to Model O3, both work engagement and teacher self-efficacy
were significantly and negatively related to emotional exhaustion (engagement: 3 = —0.35,
p < 0.001; efficacy: B = —0.06, p < 0.05), and positively related to teaching satisfaction
(engagement: 3 = 0.62, p < 0.001; efficacy: # = 0.20, p < 0.001) and intention to use online
teaching in the future (engagement: 3 = 0.59, p < 0.001; efficacy: 3 = 0.16, p < 0.001). TPACK
was not significantly related to teachers” emotional exhaustion (3 = —0.01, n.s.) or teaching
satisfaction ( = 0.02, n.s.), but was positively related to their future intention (3 = 0.05,
p <0.01). The f coefficient of the interaction term (i.e., TPACK x Engagement) was not
significant for emotional exhaustion (3 = 0.01, n.s.), but was significant and positive for
teaching satisfaction (3 = 0.03, p < 0.01) and future intention ( = 0.04, p < 0.001). The
results indicated that TPACK and work engagement enhanced each other in predicting
teachers’ satisfaction and intention, but not emotional exhaustion. The results also indicated
that teacher efficacy fully mediated the relationship between TPACK and exhaustion and
satisfaction, and partially mediated that between TPACK and future intention. Therefore,
H1d, H2a-H2d, and H3c-H3d were supported, while H1b-H1c, H3b were not supported.

4.3. Direct and Indirect Effects

Table 3 shows the estimates and 95% confidence intervals for the conditional direct
effects and the estimates and bootstrap 95% confidence intervals for the conditional indirect
effects. The results for conditional direct effects are presented in the upper part of Table 3.
As shown in the results, there was no significant conditional direct effect of TPACK on
emotional exhaustion: when the level of work engagement was one standard deviation
above/below its mean (i.e., £1 SD engagement), the confidence intervals of estimates
included zero, indicating a non-significant direct effect of TPACK on emotional exhaustion.

However, there were significant conditional direct effects of TPACK on teaching
satisfaction and intention to use online teaching in the future: when the level of work
engagement was one standard deviation above its mean (i.e., +1 SD engagement), the
confidence intervals of estimates were greater than zero, indicating positive direct effects
of TPACK on teaching satisfaction and intention; when the level of work engagement
was one standard deviation below its mean (i.e., —1 SD engagement), the confidence
intervals of estimates included zero, indicating non-significant direct effects of TPACK on
teaching satisfaction and intention. In other words, the direct effects of TPACK on teaching
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satisfaction and future intention were significant only when the level of engagement
was high.

Table 3. The results of conditional (moderated) direct and indirect effect.

Level of Est. SE/BootSE 95% Confidence Intervals
Engagement
Conditional direct effect SE LLCI ULCI
—-1SD —-0.01 0.02 —0.06 0.04
TPACK on EE +1SD 0.00 0.03 ~0.05 0.05
—1SD —0.01 0.02 —0.04 0.02
TPACK on TS +1SD 0.04 0.02 0.01 0.08
—-1SD 0.02 0.02 —0.02 0.05
TPACK on FI +1SD 0.09 0.02 0.05 0.12
Conditional indirect effect BootSE BootLLCI BootULCI
TPACK on EE —-1SD —0.01 0.01 -0.02 0.00
via efficacy +1SD —0.01 0.01 —0.02 0.00
TPACK on TS via —-1SD 0.04 0.01 0.03 0.05
efficacy +1SD 0.03 0.01 0.02 0.04
TPACK on FI via —-1SD 0.03 0.01 0.02 0.04
efficacy +1SD 0.03 0.00 0.02 0.04

Notes: Est. = estimates; SE = standard error; LLCI = lower-level confidence interval; ULCI = upper-level
confidence interval; BootSE = bootstrap standard error; BootLLCI = lower-level bootstrap confidence interval;
BootULCI = upper-level bootstrap confidence interval; SD = standard deviation; TPACK = Technological peda-
gogical content knowledge; EE = Emotional exhaustion; TS = Teaching satisfaction; FI = Intention to use online
teaching in future.

The results for conditional indirect effects are presented in the lower part of Table 3.
There was no significant conditional indirect effect of TPACK on emotional exhaustion
via teacher self-efficacy: when the level of work engagement was one standard deviation
above/below its mean (i.e., £1 SD engagement), the bootstrap confidence intervals of
estimates included zero, indicating a non-significant indirect effect of TPACK on emotional
exhaustion via teacher self-efficacy. However, there were significant indirect effects of
TPACK on teaching satisfaction and future intention via teacher self-efficacy: when the
level of work engagement was one standard deviation above/below its mean (i.e., £1 SD
engagement), the bootstrap confidence intervals of estimates were all greater than zero, in-
dicating positive indirect effects of TPACK on teaching satisfaction and future intention via
teacher self-efficacy. In other words, the indirect effects of TPACK on teaching satisfaction
and future intention were positive and significant, and were not contingent on the level of
engagement. Therefore, H4b was not supported, while H4c-H4d were supported.

5. Discussion

University teachers have been faced with tremendous changes and challenges during
the COVID-19 pandemic. This study identified two factors (i.e., teachers’ TPACK and work
engagement) that are important for teachers to cope with these changes and challenges,
and may contribute to their self-efficacy for online teaching, well-being, and intention to
use online learning in the future.

5.1. Results Interpretation

The results of the present study were threefold. First, both TPACK and work engage-
ment were positively related to teachers’ self-efficacy, teaching satisfaction, and future
intention, and negatively related to their emotional exhaustion. Second, work engagement
did not moderate the relationship between TPACK and teacher self-efficacy, but moderated
the relationships between TPACK and two of the three outcome variables (i.e., teaching
satisfaction and future intention). The direct, positive effects of TPACK on teaching sat-
isfaction and future intention were only found when teachers reported to have higher
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levels of work engagement. Third, teacher self-efficacy fully mediated the relationship
between TPACK and exhaustion and satisfaction, and partially mediated that between
TPACK and future intention. However, the results of conditional indirect effect suggested
that the indirect effect of TPACK on emotional exhaustion via teacher self-efficacy was not
significant. These findings are helpful for understanding the well-being and professional
lives of university teachers during the COVID-19 pandemic, and elicit the following issues
worthy of further discussion.

5.2. Theoretical Implications

The results of the present study generally support Bandura’s theory of self-efficacy
and its sources [4]. Among the four sources of efficacy beliefs, namely, mastery experiences,
physiological and emotional states, vicarious experience, and verbal persuasion [4], teachers’
first-hand experience of success and relevant physiological and emotional states are of more
relevance and importance during social distancing and quarantine, and therefore, the roles
of teachers” TPACK and work engagement were the focus of the current study. TPACK,
which represents the synthesis of teacher knowledge about teaching content, pedagogical
methods, and technological skills, is closely related to teachers” mastery experience during
online teaching, while work engagement, which reflects teachers’ three pervasive, affective-
cognitive states (i.e., vigor, dedication, and absorption), also represents physiological and
emotional states of teachers during their teaching. Our results indicated that both TPACK
and work engagement were positively related to teachers’ self-efficacy, supporting that
mastery experiences and physiological and emotional states can be important sources of
university teachers’ efficacy beliefs [4—6]. The results also showed that work engagement
was more predictive of teacher self-efficacy than TPACK. This result also echoes Coté and
Levine’s findings that attitude or motivation is more important than aptitude for positive
higher-educational outcomes [43].

However, the results of moderating analysis indicated that work engagement did not
moderate the relationship between TPACK and teacher self-efficacy. In other words, work
engagement and TPACK did not enhance each other in predicting teacher self-efficacy. It is
possibly because the four sources of efficacy beliefs may be more mutually independent
than we previously thought. Therefore, there is no synergy effect among them that makes
the effect of A and B together greater than the sum of the effects of A and B when present
separately. Moreover, teachers’ TPACK represents the synthesized knowledge of content,
pedagogy, and technology, while work engagement reflects teachers’ positive, energetic
emotional experiences in various aspects of online teaching. By nature, the former is
cognitive while the latter is affective. The discrepancy between them may make it difficult
to exert any synergy effect between these two. More effort is needed in future to examine
the possible synergy effect of different sources of efficacy beliefs. With this knowledge,
we may know more about how to take full advantage of the effects of multiple efficacy
information sources and their synergy effect to build teacher self-efficacy.

The three outcome variables used in the present study reflect different aspects of
teachers” well-being and intention. Emotional exhaustion is a direct, reactive, emotional
response towards job-related stress, teaching satisfaction reflects individuals” cognitive
evaluation of various aspects of their job, and intention to use online learning in the future
represents teachers’ behavioral intention based on these emotional states and cognitive
evaluations [30,34,36]. Our results showed different patterns of effect on these outcome
variables. Specifically, the total effect of TPACK on emotional exhaustion was not significant
(non-significant direct and indirect effects), while teacher self-efficacy fully mediated the
relationship between TPACK and teaching satisfaction (non-significant direct effect and
significant indirect effect), and partially mediated that between TPACK and future intention
(significant direct and indirect effects). It seems that teachers who reported to have more
knowledge on technical, pedagogical, and subject matter generally demonstrate better
ability in their online teaching, and thus had more desirable evaluation of their job and
were more willing to adopt online teaching in the future. However, teachers’ relevant
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knowledge may not lead to or buffer against their emotional exhaustion. These results were
consistent with Yin et al.’s finding that emotional job demands and intensive interpersonal
interaction rather than the cognitive aspect of teachers’ jobs are predictive of teachers’
emotional exhaustion [33].

Moreover, the moderating effects of work engagement were only found for the direct
effect of TPACK on teaching satisfaction and future intention but not on emotional exhaus-
tion. TPACK was significantly and positively related to teaching satisfaction and future
intention only when teachers reported higher levels of work engagement. On the one hand,
these results echo the results of mediating analysis which suggested that TPACK is more
closely related to the cognitive rather than the affective aspect of teachers’ well-being and
intention. On the other hand, these results also highlight that the beneficial effect of TPACK
is only salient when teachers devote themselves to their online teaching and demonstrate
due vigor, dedication, and absorption. Without a high level of work engagement, teachers’
TPACK alone can hardly bring positive outcomes.

Regardless of these different results, the three factors, namely, teachers” TPACK, work
engagement, and teacher self-efficacy were generally adaptive and had a positive impact
on university teachers” well-being and intention to use online teaching in the future. In
general, these results are consistent with previous findings on teachers” TPACK, work
engagement, and self-efficacy [7,14,21,22].

5.3. Practical Applications

Online teaching during the COVID-19 pandemic has its unique features. University
teachers were working from home and delivered their lectures via the Internet. Isolated
from students and colleagues, teachers may find it extremely stressful to cope with the
challenges of the online teaching mode. In turn, they may feel less capable, display more
symptoms of ill-being, and be reluctant to use online learning in their future teaching.

The shift from traditional face-to-face classroom teaching towards online learning was
sudden and unexpected, and most teachers were not really prepared for it. During the
COVID-19 pandemic, most university teachers may have received less support than usual
from their institutions and colleagues when delivering online teaching. They had to cope
with the uneasy feelings caused by the pandemic, the extra family burden of caring for
school-age children, and changing epidemic prevention measures [1].

Compared with their counterparts in primary and secondary schools who have much
heavier teaching loads, university teachers may have more latitude to adapt themselves to
the new online teaching mode. However, the results of descriptive information showed
that among the three adaptive factors, TPACK had the lowest mean score, followed by
work engagement and teacher self-efficacy. This again raises the concern that much less
attention has been paid to university teachers’ TPACK than that of primary and secondary
school teachers. The results of the present study showed that university teachers’ TPACK
contributed to their sense of efficacy, which was in turn negatively related to emotional
exhaustion and positively related to teaching satisfaction and future intention. Moreover,
teachers” TPACK directly contributed to teachers’ teaching satisfaction and future intention
when they also reported higher levels of work engagement. However, even for primary
and secondary school teachers, there are a number of challenges to deal with in using ICT.

Compared with TPACK, teachers” work engagement was more predictive of teacher
self-efficacy than TPACK. It seems that teachers’ positive, affective states or attitudes to-
wards their online teaching are more critical than their relevant skills or abilities. Therefore,
more effort should be made to increase university teachers’ knowledge of ICT integration,
to promote their TPACK, and to enhance their work engagement.

5.4. Limitations

The most salient limitation of this study concerns the data collection procedure and
the special sample features that resulted. Since the questionnaires were completed on
a voluntary basis, it is possible that the teachers participated in this study were more
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integrated in the systemic relations of universities in China and less satisfied by the current
situation. They also tended to be more extraversive, proactive and engaged than those
who did not participate. While the self-selection bias is basically inevitable in all voluntary
survey, we do believe a more balanced sample will contribute to the generalizability of the
research findings. Another limitation of this study concerns the discriminant validity of
scales. The strength of relationships observed in current study could be overestimated.

6. Conclusions

University teachers” well-being during the COVID-19 pandemic is an interesting and
important topic to explore. People may wonder if more synthesized knowledge of content,
pedagogy, and technology contributes to greater satisfaction with online teaching and more
willingness to use online teaching in the future. Based on a sample of 2763 university
teachers in China, this study found that teachers” TPACK contributed to their teaching
satisfaction and future intention via self-efficacy, and when teachers reported higher levels
of work engagement. These findings help unravel the professional lives of university
teachers during the pandemic, and shed light on how to promote online teaching in higher
education in the future.
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