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Since entering the post-epidemic era of COVID-19 at the end of 2021, schools have 
mostly adopted a combined online and offline teaching mode to effectively respond 
to the normalized epidemic, which has changed the traditional learning mode of 
students. Based on the study demand-resources (SD-R) model theory, this study 
developed a research model and proposed six research hypotheses to explore the 
relationship between Chinese university students’ perceived teacher support (PTS), 
online academic self-efficacy (OAS-E), online academic emotions (OAE), sustainable 
online learning engagement (SOLE), and online academic persistence (OAP) in the 
post-epidemic era. In this study, 593 Chinese university students were invited to 
respond to a questionnaire survey using the convenience sampling method. The 
results of the study showed that: PTS had a positive effect on OAS-E and OAE; OAS-E 
had a positive effect on OAE; OAS-E and OAE had a positive effect on the students’ 
SOLE; and SOLE had a positive effect on their OAP. Based on the analysis, it is 
recommended that teachers provide more support and resources to further enhance 
students’ academic self-efficacy and academic emotions, and thus ensure students’ 
SOLE and OAP.
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1. Introduction

To eradicate poverty, implement quality education, and achieve human well-being and 
development, in 2015, the 17 Sustainable Development Goals (SDGs) were established by the 
United Nations (UN), which also provided a new vision and goals for action for sustainable 
development (United Nations, 2015). Among them, Sustainable Development Goal 4 (UN’s 
SDGs4) purposes at how to achieve quality education and promote lifelong learning opportunities 
for all to better achieve sustainable development in education (UN, 2020). However, the 
persistence of the COVID-19 epidemic has affected the implementation of the SDG process. 
Moreover, since the end of 2021  in the post-COVID-19 era, the associated risk and regular 
epidemic prevention has had a significant influence on individual’s social and economic 
livelihoods (Cheng et al., 2021), including in the field of education. As the COVID-19 epidemic 
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continues to recur, many schools are rapidly adopting online delivery 
models so that students can continue their education online (Wang 
et al., 2021), which not only changes the traditional learning patterns 
of students, but also makes the continued implementation of online 
learning an important issue for the sustainability of education in the 
post-epidemic era.

In order to effectively respond to the complex situation of the 
epidemic, in February 2020, the Chinese Ministry of Education issued 
the Guidance on the Organization and Management of Online Teaching 
and Learning in General Universities during Epidemic Prevention and 
Control. Many Chinese universities have adopted online or non-face-
to-face learning approaches to transform traditional educational 
activities into digital teaching and learning modes (Putra et al., 2019; Ye 
et  al., 2022). Online learning plays a crucial role in the current 
educational environment because it can solve many of the problems of 
traditional offline teaching and learning. The present online teaching 
cases have more flexibility (Fagö-Olsen et  al., 2020), and more 
importantly, online learning helps students to learn online anytime 
across geographical space (Maatuk et al., 2022). However, the sustainable 
online learning engagement (SOLE) of university students in China 
during the epidemic blockade is not optimistic, as evidenced by the low 
motivation of students to engage in online learning (Yang et al., 2021) 
and their tendency to be distracted from completing online learning 
tasks in a focused and sustained manner, which may even lead to 
university students in China dropping out or losing their enthusiasm for 
learning (Lee et al., 2019). Whereas previous studies have found that 
students’ academic persistence as an important variable in online 
learning environments, their academic persistence not only affects their 
willingness and behavior to engage in online learning, but may also 
influence the effectiveness of their online learning (Yu et al., 2022). More 
importantly, higher academic persistence of students will lead to higher 
online learning engagement status (Jung and Lee, 2018). Therefore, in 
the context of the post-epidemic era, how to promote SOLE and online 
academic persistence (OAP) among university students has become an 
essential matter for the sustainable development of education in the 
post-epidemic era.

According to SDG4, the educational environment and student 
behavioral outcomes are interconnected and act in a sustainable system 
that continuously and dynamically influences student behavior and 
outcomes (Tran et al., 2020). That is, the recurrence of COVID-19 has 
brought about changes not only in the learning environment but also in 
the learning patterns of students (Hong et al., 2021a,b). In addition, 
considering that teacher support is an important social resource, during 
the COVID-19 pandemic, teacher behavior not only affects students’ 
motivation to learn online but also affects their level of engagement in 
online learning (Adeshola and Agoyi, 2022). Related studies have found 
that when conducting online courses such as Small Private Online 
Courses (SPOCs) and Massive Open Online Courses (MOOCs), the 
lack of effective communication and interaction between teachers and 
students and the failure to understand students’ learning dynamics and 
participation status in a timely manner have led to a low level of student 
participation in such courses (Liu et al., 2019; Shen and An, 2022). In 
addition, prior to the outbreak, due to the lack of face-to-face instruction 
and the large spatial distance between learners and instructors, many 
students tend to be less engaged in online learning than in traditional 
learning environments, which has a more significant impact on their 
sustainable and effective engagement in online learning (Kim et al., 
2019). While the implementation of online learning has become an 
essential and regular mode of instruction in the post-epidemic era, it is 

not yet known how faculty support will influence student engagement 
and OAP in online learning.

Furthermore, the study demand-resources (SD-R) model is based 
on the JD-R model theory and focuses on the relationship between 
student learning requirements, learning resources and health. According 
to the SD-R model recommended by Lesener et  al. (2020), study 
resources can facilitate student engagement and produce positive 
learning outcomes in the larger educational context. In other words, 
when taking online courses, students interact with study resources in a 
two-way manner and are connected to the educational environment and 
system in a continuous and dynamic way (Koob et al., 2021). Study 
resources can therefore influence not only students’ motivation but also 
their learning behaviors and outcomes (Robins et al., 2015). Researchers 
have also explored the relationship between learning engagement and 
psychological well-being among university students based on the SD-R 
model and found that more study resources can influence students’ 
individual resources, which in turn affects aspects of their psychological 
well-being (Wei et al., 2022). Related research has found that students 
may be more actively engaged in course learning with teacher support 
and engage in learning activities with a higher sense of academic self-
efficacy (Lauermann and ten Hagen, 2021). At the same time, if students 
can feel happy and relaxed in online courses, it will not only facilitate 
their active participation in online learning activities, but also influence 
their performance in a sustainable and positive way (Jdaitawi, 2020). As 
the SD-R model theory suggests, more environmental and individual 
resources are closely related to student behavior and outcomes (Lesener 
et al., 2020). That is, environmental resources such as teacher support 
may influence students’ academic performance and persistence through 
their academic self-efficacy and academic emotions.

However, most studies on online learning during COVID-19 
explored the relationship between students’ academic performance and 
mental health or focused on students’ learning satisfaction in different 
online courses (Yekefallah et al., 2021). Fewer studies have discussed the 
aspects of supporting university students’ engagement and intention to 
learn through environmental resources such as teachers (Jin et al., 2021), 
or of further promoting university students’ engagement and persistence 
by stimulating their OAS-E and sustaining their positive academic 
emotions. However, in the current post-epidemic context, it has become 
important to explore how faculty can support university students’ online 
learning engagement. Thus, this study explored the association among 
perceived teacher support (PTS), online academic self-efficacy (OAS-E), 
online academic emotions (OAE), SOLE, and OAP in online course 
learning in a post-epidemic context based on the SD-R model theoretical 
framework and SDG4.

2. Research model and hypothesis

In this chapter, this study constructed the framework diagram of 
this study model based on the existing literature and theoretical models, 
and proposes the hypothetical relationships among the research 
variables in conjunction with the theoretical models and relevant 
literature exploration.

2.1. Research model

According to the SD-R model, study resources support student 
engagement and positive study outcomes (Lesener et al., 2020). Study 
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resources include environmental resources (e.g., perceived teacher 
support, classroom climate, etc.), personal resources (e.g., academic self-
efficacy and psychological resilience), and learning behaviors including 
learning engagement (Wei et al., 2022). Thus, PTS can be considered as 
an environmental resource, OAS-E and academic emotions can 
be  considered as personal resources, and SOLE and OAP can 
be considered as learning outcomes and behaviors. That is, based on the 
post-epidemic context, the higher the PTS among university students in 
the current online learning environment, the more likely it is to 
be conducive to motivating their OAS-E and academic emotions, which 
will continue to influence their online learning engagement and 
OAP. Therefore, this study investigated the relationship between 
university students’ PTS, OAS-E, OAE, SOLE, and OAP by combining 
the SD-R model theory and mapped the research model structure as 
follows (Figure 1).

2.2. Research hypothesis

2.2.1. The effect of perceived teacher support on 
online academic self-efficacy and online academic 
emotions

In SDG4, teachers are an important factor influencing educational 
sustainability, because teachers are not only the primary guides of their 
students, but they also continue to influence student behavior and 
development (Bengtsson et al., 2020), and in related research it has 
been found that more teacher support not only motivates students to 
engage in course learning, but also motivates student self-efficacy, 
which in turn impacts their academic achievement and performance 
(Lauermann and ten Hagen, 2021). Moreover, self-efficacy is seen as a 
key factor in motivating learners in online courses. It is the confidence 
and beliefs that learners have about their own task completion 
(Bandura, 1977; Berga et  al., 2021), and it influences learners’ 
behavioral outcomes in specific contexts. With the COVID-19 
pandemic, instructors have become increasingly important for student 

learning in online courses such as MOOCs and SPOCs. Those with 
more support tend to have higher academic self-efficacy and the 
support continues to influence student engagement in online learning 
(Alamri, 2022). In addition, due to the impact of the epidemic, many 
schools have adopted online teaching models or non-face-to-face 
approaches, which are prone to a lack of effective and sustainable 
positive teacher-student interactions which then affect the students’ 
OAS-E (Gao et al., 2021; Adeshola and Agoyi, 2022). That is, in the 
post-epidemic context, more PTS would be beneficial for stimulating 
students’ OAS-E. Grounded on the above literature, this study proposed 
the following research hypothesis:

H1: PTS has a positive effect on OAS-E.

According to the SD-R model theory, environmental resources such 
as social, teacher, and family support can better support students’ 
development (Wei et al., 2022), while teacher support, as an important 
social resource, plays a crucial role in promoting student behavior and 
development and can be more involved in course learning by stimulating 
students’ positive emotions (Lei et al., 2018). Furthermore, research has 
found that teacher support is significantly related with positive academic 
emotions and that students who perceive greater teacher support have 
greater positive emotions such as liking, enjoyment, and hope, which 
continue to influence their effectiveness in course learning (Sadoughi 
and Hejazi, 2021). During the current COVID-19 pandemic, the lack of 
effective teacher support and continuous guidance in online courses 
conducted due to the impact of the pandemic has resulted in many 
students having more negative academic emotions such as anxiety, 
depression, and despair (Nandi et  al., 2021). In the current post-
epidemic era, more instructor support in online learning may affect 
students’ learning status under the risk and normative management of 
the epidemic (Song et al., 2022). Therefore, in the post-epidemic context, 
students will feel more positive academic emotions when they have a 
higher level of teacher support while participating in online learning. 
Therefore, this study proposed the following research hypothesis:

PTS

OAS-E

AE

SOLE OAP

H1

H3

H2

H4

H5

H6

FIGURE 1

Research model. Perceived teacher support (PTS), online academic self-efficacy (OAS-E), online academic emotions (OAE), sustainable online learning 
engagement (SOLE), and online academic persistence (OAP).
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H2: PTS has a positive effect on OAE.

2.2.2. The effect of online academic self-efficacy 
on online academic emotions

During the learning process, learners’ emotions, cognition, and 
learning states are intertwined and contribute to their behavioral 
outcomes (De Carolis et al., 2021). In particular, positive emotions can 
influence learners’ learning performance through individual factors 
such as enhanced self-efficacy and self-regulation (Yu et  al., 2022). 
Especially since the COVID-19 pandemic, some students have been 
prone to negative emotions such as anxiety, depression, isolation, and 
even the inability to consistently complete online learning tasks due to 
the impact of the epidemic prevention and control quarantine (García-
Álvarez et al., 2021). Moreover, studies have also found that pandemic-
induced disruptions and uncertainty affect students’ academic self-
efficacy to some extent, which may lead to negative emotions such as 
anxiety, worry, and fear (Berman et al., 2022). In contrast, in online 
learning, more academic self-efficacy was found to be  positively 
associated with more positive emotions (Soncini et al., 2021). That is, 
students who have a higher sense of academic self-efficacy in an online 
learning environment will feel more positive emotions such as pleasure. 
Therefore, in the post-epidemic era, this study proposed the following 
research hypotheses:

H3: OAS-E has a positive effect on OAE.

2.2.3. Effects of online academic self-efficacy and 
online academic emotions on sustainable online 
learning engagement

Learning engagement refers to a state of focus, energy, and 
dedication of learners in a learning environment to consistently 
complete learning tasks (Schaufeli et al., 2002). Moreover, it is often 
used to assess student online learning outcomes and performance 
(Alamri, 2022). In the case of online course learning, academic self-
efficacy is seen as the confidence and beliefs that learners have about 
taking online courses such as MOOCs and SPOCs, and is closely 
linked to learners’ motivation and behavior, which continues to 
influence their persistence in continuing to complete online learning 
(Adeshola and Agoyi, 2022). In addition, students’ academic self-
efficacy can generate more motivation in online learning 
environments due to the ongoing influence of the epidemic (Kuo 
et al., 2021). Due to the duration of online courses and the need for 
more independent engagement, students’ OAS-E plays a critical role 
in their continued participation in online learning (Gao et al., 2021). 
That is, in the post-epidemic context, those students with higher 
OAS-E will have higher SOLE. Therefore, in the post-epidemic era, 
this study proposed the following research hypotheses:

H4: OAS-E has a positive effect on SOLE.

During the COVID-19 pandemic, the state of sustainable student 
engagement in learning was often considered a key indicator of 
learning in online courses (Adeshola and Agoyi, 2022), as the level of 
sustainable student engagement in online learning affects not only the 
behavioral performance of students but also the educational quality of 
online courses (Poon et al., in press). In contrast, in online learning 
environments, students’ academic emotions serve as an important 
individual factor, and their emotional state continues to influence 

learning interactions and engagement (Wang et  al., 2021). Related 
research found that during the COVID-19 pandemic, students 
experiencing more positive and fewer negative academic emotions 
would have more positive interactions with teachers, peer interactions, 
and a greater willingness to stay engaged in online course learning (Yu 
et  al., 2022). On the contrary, the epidemic lockdown brings great 
negative emotions to students, which tend to produce depression, 
loneliness, and anxiety. If these negative academic emotions are not 
eliminated in time, they will continue to affect students’ engagement 
and may even lead to problems such as boredom and academic 
suspension (Hassan et al., 2021). More importantly, due to the impact 
of the epidemic, unlike other global online learners, Chinese university 
students are prone to negative emotions such as anxiety and depression 
in online learning, which may be detrimental to their participation in 
online learning due to the stricter and more persistent embargo 
measures in China (Yang et al., 2021). Therefore, this study proposed 
the following research hypothesis:

H5: OAE has a positive effect on SOLE.

2.2.4. Effect of sustainable online learning 
engagement on the academic persistence of 
online learning

The concept of lifelong learning has become an important issue in 
SDG4 (Ossiannilsson, 2022), and in the current post-epidemic era, 
students, as key individuals in educational sustainability, are influencing 
the achievement of the SDGs by their learning status and their ability to 
complete their education sustainably (Hanemann, 2019). Related 
research has also found that the behavioral, cognitive, and affective levels 
of student engagement in online learning in MOOC learning 
environments consistently influence their learning behavior outcomes 
and are strongly associated with the persistence of the MOOC learning 
environment (Jung and Lee, 2018; Kuo et al., 2021). Moreover, studies 
have found that students’ online learning engagement during the 
COVID-19 pandemic was strongly related with learning persistence, with 
higher online learning engagement having higher learning persistence 
(Adeshola and Agoyi, 2022). In other words, students will have higher 
OAP when they have a higher level of SOLE. Therefore, in the post-
epidemic era, this study proposed the following research hypothesis:

H6: SOLE has a positive effect on OAP.

3. Materials and methods

3.1. Research procedure

The sample of this study was drawn from a comprehensive university 
in Guizhou province, China, where online courses had been offered 
before the beginning of the epidemic and students had experience in 
online learning. And the impact of COVID-19 required online teaching 
during the period of this study, so this study used convenience sampling 
to distribute online questionnaires to 593 university students in Guizhou 
province, China, through the Wenjuanxing platform.

Chinese university students were invited to fill out online 
questionnaires on social media platforms such as WeChat and QQ. The 
online questionnaire for this study was collected from May 16 to June 
20, 2022.
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3.2. Participants

To better investigate the relationship between teacher support and 
university students’ SOLE and OAP, 593 questionnaires were collected, 
and after deleting those questionnaires with incomplete or short 
response times (less than 1 min), 550 were considered valid, with an 
effective rate of 92.7%. Additional respondent background information 
is shown in Table 1.

3.3. Measurement

This study used a quantitative research method to conduct this 
study. The questionnaire method is a social science research method 
that collects data through a cross-sectional approach and infers the 
characteristics of the aggregate by sampling to represent the aggregate 
data while controlling for errors (Kotrlik and Higgins, 2001). At the 
same time, the questionnaire method has the advantage of inferring 
the total with a small sample of data, and has the characteristics of 
rapidity, convenience, and reliability (Nayak and Narayan, 2019). 
Therefore, the measurement instrument of this study was revised and 
developed from previous studies and theories, and the fluency and 
comprehension of the questionnaire were further confirmed by 
inviting three experts in the field of digital learning for expert validity 
review and revision. We also invited 10 Chinese university students 
to complete the online questionnaire as part of the development 
process. In addition, in order to better measure the research scale, 
improve the validity of the completed responses and facilitate 
statistical analysis, this study used closed-ended questions to measure 
the research participants.

3.3.1. Perceived teacher support
Perceived teacher support (PTS) is defined as a behavior that 

provides students with targeted instruction and promotes active 
learning in the course learning environment. It is a process that 
gives students more autonomy, competence, and emotional support 
(Liu et  al., 2021). Thus, according to the above definitions, this 
study adapted Teachers Support Scale (TSS) of Stornes et al. (2008) 
with 13 questions to assess university students’ perceptions of 
receiving teacher support during the post-epidemic period. Example 
questions include “The teachers are patient in listening to our ideas 
and ways of doing things in the online course” and “Whenever 
I have problems in the online course, the teachers will provide me 
with timely help.”

3.3.2. Online academic self-efficacy
According to definition of Bandura (1986) of self-efficacy (S-E), S-E 

refers more to an individual’s cognitive and psychological state of 
confidence and beliefs about completing specific learning tasks in the 
learning process (Hong et al., 2021a,b). Consequently, according to the 
above definition, this study adapted S-E Questionnaire (Grit-S) of 
Bandura (1986) to measure OAS-E with a total of 10 questions to assess 
the OAS-E of university students during the post-epidemic period. 
Examples of questions are: “When I have problems with online learning, 
I can usually think of some solutions” and “When I study online, no 
matter what problems I encounter, I believe I can figure out how to 
solve them.”

3.3.3. Online academic emotions
Academic emotion is a learning experience that encompasses both 

positive and negative emotions, with positive emotions including 
enjoyment of learning, hope, and pride. On the other hand, negative 
emotions including anger, boredom, and anxiety can promote or 
decrease student behavior and subsequent academic achievement 
(Kohoulat et al., 2017). Consequently, according to the above definition, 
this study adapted the Achievement Emotions Questionnaire (AEQ) 
developed by Pekrun et al. (2011) with eight questions to assess the 
academic emotions of university students during the post-epidemic 
period. Examples of questions are: “I like studying online” and “I feel 
irritated when studying online.”

3.3.4. Sustainable online learning engagement
Engagement in learning is widely defined as the level of energy, 

focus, and dedication an individual exhibits when engaged in learning 
activities (Wei et  al., 2022). Based on these definitions, this study 
adapted Schaufeli et al.’s (2002) Work Engagement Questionnaire (WE), 
with nine questions, to assess the engagement of university students in 
online sustainable learning during the post-epidemic period. Example 
questions include: “I feel sustainably energized in online courses” and “I 
feel sustainably happy in online courses.”

3.3.5. Online academic persistence
Online academic persistence (OAP) is a measure used to assess 

students’ willingness to continue their education (Adeshola and Agoyi, 
2022). Based on these definitions, this study adapted Student Persistence 
Questionnaire (SP) of Shin (2003) with six questions to assess the OAP 
of university students during the post-epidemic period. Example 
questions are: “No matter how difficult it is, I will continue to complete 
the online course” and “I will continue to take online courses in 
the future.”

TABLE 1 Demographic details of participants.

Variables Content

Gender 145 males (26.4%)

405 females (73.6%)

University 195 freshmen (35.5%)

158 sophomores (28.7%)

197 juniors (35.8%)

Areas of expertise 423 students (76.9%) in humanities and 

social sciences online courses

127 students (23.1%) in natural science 

online courses

Online course platforms 126 students (22.9%) used DingTalk

189 students (34.3%)used VooV 

Meeting

46 students (8.4%) used ZOOM

103 students (18.7%) used WeChat

51 students (9.3%) used QQ

35students (6.4%) used other platforms

Online learning experience before 

COVID-19

117 students (21.3%) had online 

learning experience prior to the 

COVID-19 pandemic

433 students (78.7%) had no previous 

online learning experience
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3.4. Data analysis

Structural equation modeling is a way to measure the structural 
relationships between individual study variables, to explain the 
hypothesized associations between individual indicators by reducing 
measurement error (Lee Helm et  al., in press), and to assess the 
validity of measurement models by examining model constructs 
(Deng et  al., 2018). Thus, in this study, after item analysis and 
reliability analysis using SPSS statistical software, the reliability of the 
study scale was confirmed through validation factor analysis. This 
study investigated the association between PTS, OAS-E, OAE, SOLE, 
and OAP by analyzing structural equation modeling tests using the 
AMOS 24.0 software.

4. Results and discussion

4.1. Item analysis

In order to test the fit indices of the items by identifying the original 
items that did not meet the criteria, this study conducted item analysis 
through first-order validated factor analysis (Kline, 2015). When the 
χ2/df is less than 5, the RMSEA is lower than 0.1, and the GFI is greater 
than 0.80, then the item has a good fit (Hair et al., 2019). Those items 
with factor loadings (FL) lower than 0.5 should be deleted. As a result, 
PTS decreased from 13 to 10 questions; OAS-E decreased from 10 to 
seven questions; OAE decreased from eight to seven questions; SOLE 
decreased from nine to eight questions; and OAP decreased from six to 
five questions, as seen in Table 2.

4.2. Reliability and validity analysis

In structural equation modeling, the reliability and validity of 
statistical data can be assessed by testing the reliability of the study 
constructs (Henseler et al., 2016). To measure the intrinsic consistency 
of a construct, a Cronbach’s alpha value with a Composite Reliability 
(CR) value higher than 0.7 (Hair et al., 2011) indicates a good intrinsic 
consistency of the construct. In the current study, Cronbach’s α values 
were from 0.79 to 0.96 and CR values ranged from 0.82 to 0.94, both of 
which were greater than 0.7, demonstrating good reliability of the data 
in this study (see Table 3).

In addition, values of FL and Average Variance Extracted (AVE) 
higher than 0.5 indicate good convergent validity of the construct (Hair 
et al., 2011). In this study, FL values ranged from 0.72 to 0.82 for PTS, 
0.60 to 0.78 for OAS-E, 0.64 to 0.76 for OAE, 0.66 to 0.76 for SOLE, and 
0.63 to 0.81 for OAP. In contrast, the AVE values of the constructs in this 

study ranged from 0.51 to 0.61, which were above 0.5 and so had 
good validity.

In addition, when the value of the square root of AVE is greater than 
the relevant value of each construct, it is considered as having good 
discriminant validity (Awang, 2015). In this study, the square root of 
AVE for each construct was larger than the relevant value of the 
construct (see Table 4).

4.3. Model fit analysis

SEM analysis can examine the overall fit and differential acceptance 
of the study model (Stanley and Edwards, 2016). When the value of χ2/df 
is smaller than 5 (Hair et al., 2010); RMSEA is smaller than 0.1; GFI, 
AGFI, NFI, NNFI, CFI, IFI, and RFI are all higher than 0.800 (Abedi 
et al., 2015), and PNFI and PGFI are both larger than 0.500 (Hair et al., 
2010), it indicates that the study model has good fitness. In this study, 
the fit values of the study model were as follows: χ2/df = 2.04, 
RMSEA = 0.04, GFI = 0.89, AGFI = 0.87, NFI = 0.89, NNFI = 0.94, 
CFI = 0.94, IFI = 0.94, RFI = 0.88, PNFI = 0.83, and PGFI = 0.78, 
indicating good model fitness.

4.4. Path analysis

This study proposed six research hypotheses and conducted 
research model validation based on learning needs resources. 
Results indicated that PTS had a positive influence on OAS-E 
(β = 0.51***; t = 10.78) and OAE (β = 0.21***; t = 3.88); OAS-E had a 
positive influence on OAE (β = 0.30***; t = 5.34); OAS-E (β = 0.37***; 
t = 6.98) and OAE (β = 0.15**; t = 3.07) had a positive influence on 
SOLE; and SOLE had a positive influence on OAP (β = 0.45***; 
t = 8.30), seen in Figure 2.

In addition, Hair et al. (2010) suggested that explanatory power 
values in between 0.25, 0.50, and 0.75 indicate weak, moderate, and 
strong levels of explanatory power. In contrast, in this study, the 
explanatory power of OAS-E was 26%, OAE was 19%, SOLE was 21%, 
and OAP was 21%; this indicates that this study had low and above 
moderate explanatory power, as can be seen in Figure 2.

4.5. Indirect effect analysis

Indirect effects analysis showed that PTS was indirectly positively 
related to SOLE and OAP (β  = 0.41***, β  = 0.39***); OAS-E was 
indirectly positively correlated with OAP (β = 0.43***), and OAE and 
SOLE were indirectly positively correlated with OAP (β = 0.13**) with 

TABLE 2 First-order CFA.

Construct χ2 df χ2/df RMSEA GFI AGFI FL

Threshold – – <5 <0.10 >0.80 >0.80 >0.5

PTS 73.14 17.05 4.29 0.77 0.94 0.91 0.72–0.82

OAS-E 53.43 14 3.82 0.71 0.97 0.94 0.60–0.78

OAE 56.65 14 4.05 0.74 0.97 0.94 0.64–0.76

SOLE 69.02 20 3.45 0.67 0.97 0.94 0.66–0.76

OAP 6.12 2 3.06 0.61 0.99 0.97 0.63–0.81
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95% confidence intervals excluding 0 (**p < 0.01, ***p < 0.001), as can 
be seen in Table 5.

4.6. Discussion

4.6.1. Perceived teacher support has a positive 
effect on online academic self-efficacy and 
academic emotion

The results of this study indicated that PTS had a positive effect on 
students’ OAS-E and academic emotion; that is, when students perceived 
higher teacher support it would be conducive to higher OAS-E and 
positive academic emotion, consistent with previous research. For 
example, Research indicates that teachers play an important role in 
educational sustainability (Bengtsson et al., 2020), not only by teaching 
the curriculum and providing more support to promote student 
behavior and outcomes (Lauermann and ten Hagen, 2021). Furthermore, 
Alamri (2022) stated that due to the COVID-19 pandemic, greater 
faculty support plays a crucial role in online courses such as MOOCs 
and SPOCs offered by schools because faculty support promotes 
students’ academic self-efficacy and further motivates students to stay 
engaged in online courses. In addition, Adeshola and Agoyi (2022) 
indicated that students generally had low academic self-efficacy during 
the COVID-19 epidemic because teachers were less likely to have 
positive and sustainable interactions with them. In other words, more 
teacher support was strongly related with higher academic self-efficacy 
among students and was also positively related with positive academic 
emotion (Lei et al., 2018). In addition, Nandi et al. (2021) indicated that 
students’ negative emotions were more prominent during the COVID-19 
epidemic and that more teacher support was beneficial for reducing 
their negative emotions. As Sadoughi and Hejazi (2021) argued, teacher 
support is closely related to positive academic emotions such as student 
liking and pleasure. However, there are fewer studies on online learning 
in the post-epidemic era, so this study will further deepen the research 

on perceived teacher support, online academic self-efficacy, and 
academic emotions based on the post-epidemic era context.

4.6.2. Online academic self-efficacy has a positive 
effect on academic emotion

The results of this study showed that OAS-E had a positive effect on 
students’ online academic mood, that is, when students perceived higher 
OAS-E it would be  conducive to a more positive academic mood, 
consistent with previous research. In contrast, Yu et al. (2022) stated that 
when learners have good positive emotions, their academic self-efficacy 
is enhanced and affects both their academic behavior and performance. 
Meanwhile, Soncini et al. (2021) argued that students’ academic self-
efficacy in online learning courses can motivate them to have positive 
emotions such as pleasure and liking in online courses. In addition, 
García-Álvarez et  al. (2021) indicated that during the epidemic 
prevention and control period, students are prone to some negative 
emotions such as loneliness and anxiety in online courses if their 
academic self-efficacy is low. In summary, in the post-epidemic context, 
when students gain higher OAS-E, they are more likely to have positive 
emotions in online course learning. Therefore, in the process of 
achieving the SDGS4 goals, it is more important to stimulate students’ 
online academic self-efficacy and acquire positive academic emotions in 
order to sustain a positive learning state. However, there are fewer 
studies on academic self-efficacy and academic emotions of online 
learning among university students in the post-epidemic era. Therefore, 
this study will further deepen the research on online academic self-
efficacy and academic emotions based on the post-epidemic era context.

4.6.3. Online academic self-efficacy and online 
academic emotions have a positive effect on 
sustainable online learning engagement

The results of this study indicated that students’ OAS-E and OAE 
had a positive effect on SOLE; that is, when students perceived higher 
OAS-E, more positive academic emotions would be  conducive to 
promoting their SOLE, which is consistent with previous studies. 
Adeshola and Agoyi (2022) stated that with the widespread use of online 
courses such as MOOCs and SPOCs during the epidemic, students’ 
academic self-efficacy is critical because it not only affects their behavior 
but also continues to affect their OAP in online learning. In addition, 
Gao et al. (2021) indicated that in online learning, students need to 
engage more autonomously, so higher perceived academic self-efficacy 
facilitates their sustainable engagement in online courses. That is, during 
the COVID-19 pandemic, students’ online self-efficacy was strongly 
associated with SOLE (Poon et al., in press). In contrast, Wang et al. 
(2021) concluded that students’ academic emotions are critical in online 
learning, and that higher positive emotions consistently affect students’ 
online engagement. Therefore, Hassan et al. (2021) stated that in the 
COVID-19 pandemic environment, negative academic emotions of 
students in online courses will affect their engagement in online or live 
classes and may even have negative effects such as disruptions and 
aversion to learning.

4.6.4. Sustainable online learning engagement has 
a positive effect on online academic persistence

The results of this study indicated that students’ SOLE had a positive 
effect on OAP, consistent with previous studies. In contrast, Hanemann 
(2019) argued that student learning status and OAP are critical to the 
SDG4 agenda of the Education Sustainable Development Goals. 
Furthermore, Jung and Lee (2018) suggested that higher student 

TABLE 3 Reliability and validity analysis.

Construct M SD α FL CR AVE t

PTS 3.83 0.66 0.96 0.78 0.94 0.61 18.61–

21.84

OAS-E 3.72 0.54 0.91 0.72 0.89 0.53 13.01–

14.05

OAE 3.34 0.71 0.91 0.71 0.88 0.51 15.57–

19.33

SOLE 3.55 0.61 0.92 0.70 0.89 0.53 14.75–

17.53

OAP 3.99 0.58 0.79 0.72 0.82 0.53 12.74–

15.15

TABLE 4 Discrimination validity analysis.

Construct 1 2 3 4 5

(1) PTS 0.78

(2) OAS-E 0.48 0.73

(3) OAE 0.32 0.36 0.71

(4) SOLE 0.25 0.35 0.46 0. 73

(5) OAP 0.25 0.21 0.28 0.40 0.73
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engagement in learning is associated with higher OAP in online learning 
environments. Moreover, Adeshola and Agoyi (2022) more explicitly 
stated that during the COVID-19 pandemic, students’ behavioral, 
cognitive and emotional engagement in online courses would influence 
their sustainable and active participation in those courses. Students who 
have a higher commitment to online learning have more sustainable 
OAP (Alamri, 2022). That is, SDG4 goals are more focused on 
sustainable and lifelong learning for students, and in the current post-
epidemic era when students perceived higher OAS-E, more positive 
academic emotions would be conducive to promoting their SOLE.

5. Conclusion and recommendations

5.1. Conclusion

In the development agenda of Education SDG4, there is a greater focus 
on lifelong learning and development of learners (Campbell et al., 2022). 
However, after more than 2 years of the ongoing impact of the COVID-19 
epidemic, the current post-epidemic era not only affects the achievement 
of educational sustainability goals, but also makes student engagement in 
online learning an important issue in the post-epidemic era (Alamri, 
2022). However, for Chinese university students, students’ OAS-E is low 

and their engagement in online learning is not promising (Yang et al., 
2021). Also, as teachers are forced to choose online courses and adopt a 
non-face-to-face teaching style (Ye et al., 2022), how to provide more 
teacher support to promote students’ OAS-E and positive academic 
emotions has become an important issue for the higher education sector, 
as it continues to affect student engagement and OAP in online learning.

Starting from SDG4, this study used structural equation modeling 
to explore the relationship between university students’ PTS, SOLE, and 
OAP, based on the SD-R. The results of the study found that the higher 
the students’ PTS, the higher the OAS-E and OAE would be in the post-
epidemic context. That is, in the current post-epidemic context, more 
PTS has a facilitating effect on students’ personal resources in the online 
learning environment and is more conducive to stimulating students’ 
self-efficacy and having positive OAE and hope in the online learning 
environment. Therefore, in the post-epidemic context, more instructor 
support in students’ online learning environment can enhance their 
OAS-E, which would further enhance their sustainable learning 
engagement and OAP in online courses.

In addition, higher OAS-E and positive OAE of college students will 
facilitate their online learning engagement status, because in the online 
learning environment, students’ personal resources can be  further 
stimulated and have higher motivation to engage in online learning, 
which continues to influence the effect of students’ SOLE. More 
importantly, college students who have higher SOLE have higher 
OAP. In other words, when teachers conduct online courses or live 
classes, they should provide more resources to support students’ 
engagement with more vivid and imaginative cases, and guide students 
to participate actively and positively in online learning, thus consistently 
influencing their online learning engagement and OAP.

5.2. Recommendations

Previous studies have more often investigated the associations 
between online learning environments and learner behavior 

FIGURE 2

Validation of the research model. **p < 0.01, ***p < 0.001, perceived teacher support (PTS), online academic self-efficacy (OAS-E), online academic emotions 
(OAE), sustainable online learning engagement (SOLE), and online academic persistence (OAP).

TABLE 5 Indirect effect analysis.

Construct PTS OAS-E OAE

β 95% 
CI

β 95% 
CI

β 95% 
CI

SOLE 0.41*** [0.18, 

0.32]

OAP 0.39*** [0.08, 

0.16]

0.43*** [0.13, 

0.26]

0.13** [0.02, 

0.12]

**p < 0.01.
***p < 0.001.
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(Adeshola and Agoyi, 2022). However, with the advent of the post-
epidemic era, concern for online learning engagement and OAP among 
university students has become more frequently discussed. It is more 
convenient and timelier for teachers to conduct online courses or live 
classes in the post-epidemic era, so providing more teacher support 
when taking online courses is not only conducive to promoting students’ 
OAS-E, but also inspires students to actively and continuously 
participate in online learning by achieving two-way interaction between 
teachers and students in online courses, and further maintaining OAP 
to achieve the goal of education sustainability.

At the same time, this study found that students’ positive academic 
sentiment regarding learning in online courses was low, making it 
particularly important to provide more instructor support resources 
and to reform online teaching methods. Particularly in the current 
post-epidemic era, the lack of face-to-face teaching opportunities and 
effective two-way interactions makes teacher support approaches which 
enhance positive student emotions particularly important when 
teachers are unable to effectively identify students’ emotions while 
participating in online learning courses. Therefore, it is suggested that 
university faculty should improve their teaching strategies for online 
courses, enhance their skills and abilities to conduct online courses, 
create a relaxed and enjoyable online learning atmosphere, and 
diversify their online course delivery methods to stimulate students’ 
online positive academic emotions and further promote their SOLE 
and OAP.

5.3. Limitations and future study

This is a cross-sectional study, with data collected from May 16 to 
June 20, 2022. In the current post-epidemic era, the provision of 
additional support resources to promote student performance and 
persistence in online courses has become an important part of the 
education sustainability agenda. Therefore, the association among 
teacher support and students’ online learning performance and OAP 
after the end of COVID-19 may be explored through a longitudinal 
study in a follow-up study.

In addition, more consideration was given to the behavioral and 
attitudinal aspects of the study participants. However, it was not possible 
to fully interpret the phenomena and the underlying deeper reasons 
behind the findings of this study. Thus, in-depth interviews could 
be used in follow-up studies to further explore university students’ views 
of PTs versus their SOLE and academic emotions.

In addition, research has found that learning resources in the 
learning environment can enhance student engagement and motivate 
students to be  consistently and actively engaged in their learning 
activities. Therefore, in follow-up studies, other types of learning 

resources such as social support, family support, or peer support may 
be explored to further extend this study’s findings on the impact of 
students’ online learning performance and OAP.

In addition, the participants of this study are from a university in 
Guizhou Province, China, and since there are more female students than 
male students in this university, and the participants of this study are 
predominantly female, the scope of the participants will be expanded in 
future studies to further expand the gender ratio of the subjects in the 
context of China.
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