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Background:Based on the control-value theory (CVT), learning strategies and academic

emotions are closely related to learning achievement, and have been considered as

important factors influencing student’s learning satisfaction and learning performance

in the online learning context. However, only a few studies have focused on the influence

of learning strategies on academic emotions and the interaction of learning strategies

with behavioral engagement and social interaction on learning satisfaction.

Methods: The participants were 363 pre-service teachers in China, and we used

structural equation modeling (SEM) to analyze the mediating and moderating effects of

the data.

Results: Themain findings of the current study showed that learning strategies influence

students’ online learning satisfaction through academic emotions. The interaction

between learning strategies and behavioral engagement was also an important factor

influencing online learning satisfaction.

Conclusions: We explored the internal mechanism and boundary conditions of how

learning strategies influenced learning satisfaction to provide intellectual guarantee and

theoretical support for the online teaching design and online learning platform. This study

provides theoretical contributions to the CVT and practical value for massive open online

courses (MOOCs), flipped classrooms and blended learning in the future.

Keywords: online learning, learning satisfaction, academic emotion, learning strategy, behavioral engagement,

social interaction

INTRODUCTION

During the first half of 2020, the world faced the unprecedented COVID-19 pandemic. This crisis
has presented new challenges and opportunities to the global educational system, and these features
forced teachers and students to quickly migrate their courses online to prevent the spread of the
virus that causes COVID-19 (Hodges et al., 2020). Some researchers have believed that online
instruction can lead to the flexibility of teaching at any time and any place. This practice provides
a rare opportunity for the development of online learning. However, other studies have shown that
the quality of online teaching during the crisis is not high, indicating that this type of learning can
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only be used as a special temporary measure, and face-to-face
learning should be returned as soon as possible after the crisis
(Hodges et al., 2020).

This paradigm is being promoted because during the crisis,
most teachers and students are forced to switch to online
learning. These stakeholders are not accustomed to this learning
setup, leading to low learning satisfaction and even high
dropout rates (Dai et al., 2020). Baber (2020) and Chao (2019)
indicated that improving learning satisfaction is important to
increase the student’s intention to continue online learning
and reduce dropout rates. Although online learning platform
developers have invested a huge amount of money and several
types of new technologies, students are not as satisfied as
expected (Jiang et al., 2021). In previous studies, the evaluation
index of online teaching quality is mainly cognitive learning
performance, ignoring learning satisfaction on the psychological
level (Méndez-Aguado et al., 2020). Therefore, in this study, we
focused on some of the learning process variables to address
the forementioned defects. These variables had been proven to
influence learning satisfaction and performance. On the one
hand, given that academic emotions and the use of learning
strategies are important for successful learning, more and more
studies have investigated the relationship between these variables
(Ahmed et al., 2013; Mariza et al., 2015; de la Fuente et al., 2020;
Obergriesser and Stoeger, 2020). However, the exact relationship
between students’ academic emotions and their use of learning
strategies has not been fully understood (Obergriesser and
Stoeger, 2020). Most previous studies have explored the influence
of academic emotions on learning strategies and achievements
(Ahmed et al., 2013; Mariza et al., 2015). A recent study
has explored the influence of learning strategies on academic
emotions (de la Fuente et al., 2020; Obergriesser and Stoeger,
2020). Thus, we focused on how these two variables influence
learning satisfaction. On the other hand, behavioral engagement
and social interaction had also been proved to be lacking in
online learning (Muilenburg and Berge, 2005; Guo et al., 2019)
and to promote learning satisfaction (Gray and DiLoreto, 2016;
Nagy, 2018). However, the manner by which they influence
learning satisfaction has not been determined yet. In addition,
migrating to online instruction requires teachers to clarify the
characteristics of learning under the state of separation of
time and space and perform corresponding online instructional
designs to arrange relevant learning activities (Karakaya, 2021).
Hence, such activity necessitates teachers to control more the
course design, development, and implementation (Karakaya,
2021). Effective online learning is the result of meticulous
planning and instructional design. However, most teachers have
not performed well enough at this stage.

Online learning during the COVID-19 pandemic is only
a temporary alternative due to the crisis. In an emergency,
institutions should not only ensure the safety of teachers and
students but also the quality of teaching (Hodges et al., 2020).
This situation has put forward higher requirements for future
online learning, and instruction should return to educational
rationality andmay consider providing better support to students
(Karakaya, 2021). Therefore, the overall aim of this study is to
examine the internal mechanism and boundary conditions on

the relationship between learning strategies and satisfaction. This
study also provides intellectual guarantee and theoretical support
for online learning in the post-pandemic era.

THEORETICAL FRAMEWORK

Learning Satisfaction
Learning satisfaction can be defined as the student’s perception
of the course or learning experience and of the value of receiving
education in an educational institution (Ke and Kwak, 2013).
Considering the concerns on the dropout rates (Hew et al.,
2020), this study follows the advice of Rabin et al. (2019) to
use learning satisfaction as one of the important indicators to
measure the success of online learning. Learning satisfaction is
also an indispensable result for students because it influences
the student’s motivation, which is an important psychological
factor that influences learning (Hew et al., 2020). In recent years,
academic circles have paid increasing attention to the study of
learning satisfaction and its potential determinants. According
to the Sloan Consortium, an American non-profit organization
dedicated to improving the quality of online learning, learning
satisfaction is one of the most important factors in evaluating
the quality of online learning (Moore, 2005). Some studies
have also shown that learning satisfaction is a key factor for
students to decide whether to continue to choose the course
and is a significant predictor of learning grades to improve the
sustainability of online learning (Ke and Kwak, 2013; Chao,
2019).

Learning Strategies
Learning strategies are processes to obtain, organize, or
transform information (Alexander et al., 1998). In this study,
we divided learning strategies into three categories, namely,
metacognitive self-regulation, elaboration, and organization
strategies. In particular, students use metacognitive self-
regulation strategies to mobilize various consciousness and
behavior to participate in the learning process, which can help
students effectively implement cognitive strategies (Obergriesser
and Stoeger, 2020). Using elaboration strategies to establish
connections between new materials and visual imagination
or semantic knowledge can increase the meaning of new
information (Wolters et al., 2005). Organization strategies for
establishing relationships between different parts of learning
material can help students select and organize information
and create meaningful units of information (Obergriesser and
Stoeger, 2020). Studies have shown that the student’s use of
these strategies has a significant and positive correlation with
learning satisfaction (Choi, 2016; Kasalak and Dagyar, 2020).
Students who flexibly use learning strategies have also been
shown to better perceive the control of the learning process
(Obergriesser and Stoeger, 2020). This phenomenon influences
the student’s self-efficacy, academic emotions, and learning
outcome (Pekrun et al., 2011; Murayama et al., 2013; Pekrun and
Perry, 2014). These conclusions are supported by the affective
dynamics model of D’Mello and Graesser (2012). This model
assumes that during learning, by effectively using learning
strategies to eliminate learning obstacles, negative emotions
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will be reduced, and students will enjoy their learning. That is,
learning strategies can promote the enhancement of student’s
positive emotions and reduce their negative emotions (Muis
et al., 2015a). However, some studies have shown that although
the application of learning strategies has no significant influence
on the student’s positive emotions, it can significantly reduce
negative emotions (Obergriesser and Stoeger, 2020). Previous
studies mainly focused on the influence of academic emotions on
learning strategies (Ahmed et al., 2013; Mariza et al., 2015), while
few studies have explored the influence of learning strategies
on academic emotions and their two-way influence. Hence, no
consensus on how the learning strategies influence the student’s
academic emotions during online learning is available.

Academic Emotions
Academic emotions are directly related to the learning process
and results. A relatively stable and long-term emotional state
and a complex subjective experience of students are involved
through the whole learning process (Pekrun, 2006). According
to valence, academic emotions can be divided into positive and
negative emotions (Pekrun et al., 2011). In this study, we focused
on activity-related emotions, namely, enjoyment (i.e., positive
emotions), boredom, and frustration (i.e., negative emotions)
(Pekrun et al., 2011). Studies have shown that academic emotions
will influence learning satisfaction (Artino and Jones, 2012;
Lee et al., 2021). Moreover, under the traditional face-to-face
teaching model, academic emotions are important predictors of
the learning process and results (Pekrun et al., 2009). Positive
emotions can stimulate intrinsic and extrinsic motivation and
have a positive influence on academic performance in most
cases. Negative emotions have the opposite effects (Pekrun
et al., 2011). Sewart (1993) showed that if teachers and online
learning platforms fail to timely detect the emotional changes
of students and provide relevant emotional support, students
will easily suffer from negative emotions, such as boredom
and frustration, gradually lose interest in learning, and even
drop out from learning. However, some studies have found
that negative emotions have positive effects on the use of
metacognitive self-regulation strategies and the development of
online group activities during online learning (Artino and Jones,
2012; Noteborn et al., 2012). Hence, the mechanism by which the
student’s academic emotions influence their learning satisfaction
needs further study.

Behavioral Engagement
In recent decades, learning engagement has been paid increasing
attention. Learning engagement is depicted as a “meta” construct,
consisting of three dimensions, namely, behavioral, cognitive,
and emotional engagement (Luo et al., 2019). In this study, we
focused on behavioral engagement, which is described as the
time, effort, attention, and perseverance of students to complete
tasks. Behavioral engagement is positively related to emotional
engagement, such as learning interest or satisfaction (Fredricks
et al., 2004). Previous studies have shown that behavioral
engagement is closely related to learning satisfaction (Gray
and DiLoreto, 2016; Luo et al., 2019). If students can be fully
engaged in learning activities, their learning satisfaction will

be correspondingly improved. With the rapid development of
information technology, the study on behavioral engagement has
transformed from focusing on the individual behavior and efforts
of students to an important factor to improve the quality of
online education.

Social Interaction
In learning activities, social interaction is also an essential link.
The process of interaction is not only the process of learning
but also of improving social skills. Moore (1989) proposed
that social interaction includes the interaction between students
and teachers, students and students, and students and learning
content. Studies have shown that the interaction between
students has a stronger influence on online learning satisfaction
than that between students and teachers (Jung et al., 2002; Nagy,
2018). In online learning, students interact with other students
through various communication channels, such as danmakus,
comments, and replies. In the current study, we focused on
danmakus, a kind of behavior of students sending messages on
the screen. As a new type of social interaction, this behavior is
widely favored by teenagers, especially for providing real-time
communication for students. This behavior can stimulate their
interest in learning and improve their learning satisfaction (Leng
et al., 2016; Wu et al., 2019). However, the latest studies have
shown that during video teaching, danmakus can both promote
and hinder learning satisfaction (Yang et al., 2019). Danmakus
related to learning content may improve learning satisfaction,
which may be reduced by unrelated danmakus (Zhang et al.,
2019).

The Control-Value Theory
Given that control and value appraisals can be postulated to be
precursors of emotions, Pekrun (2006) proposed the CVT to
analyze the causes and consequences that influence academic
emotions (Figure 1).

The CVT is used to analyze the relationship among academic
emotions, learning environment, and cognitive evaluation
factors. This theory provides a theoretical basis for the
methodology of academic emotions (Pekrun, 2006). Control
refers to the student’s perception and judgment of the
controllability of the learning process and results. Value describes
the value that students give to the learning task or results,
such as how important the learning task is to themselves
(Pekrun, 2006). Theoretically, a dynamic cycle of interaction
exists among environment, appraisal, emotion, and learning
achievement; that is, the influence between academic emotions
and learning strategies is a two-way relationship (Pekrun, 2006;
Pekrun and Perry, 2014). Learning strategies are also some of
the important factors influencing academic emotions, which will
further influence the learning process and results.

Hypotheses
Hence, learning strategies, academic emotions, behavioral
engagement, and social interaction are the core variables
that influence learning satisfaction. Learning strategies and
academic emotions can influence learning satisfaction, and this
satisfaction can also be influenced by behavioral engagement
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FIGURE 1 | The control-value theory (partial) (Pekrun, 2006).

and social interaction. Moreover, according to the CVT (Pekrun,
2006), learning strategies may influence learning satisfaction
by influencing academic emotions. However, few studies have
explored the mechanism by which learning strategies indirectly
influence learning satisfaction by influence learning emotions.
In addition, behavioral engagement and social interaction are
used as boundary conditions for learning strategies to influence
learning satisfaction. Although insights into the relationships
between constructs have been provided, studies do not make
causal inferences. Therefore, mediating and moderating models
were constructed in the current study. We address the
following hypotheses:

H1: Learning strategies positively predict positive emotions and
negatively predict negative emotions.

H2: Positive emotions positively predict learning
satisfaction, while negative emotions negatively predict
learning satisfaction.

H3: Academic emotions have a mediating effect on
the relationship between learning strategies and
learning satisfaction.

H4: Behavioral engagement and social interaction have a
moderating effect on the relationship between learning
strategies and learning satisfaction, respectively.

METHOD

Context
During the COVID-19 pandemic, to reduce the spread of the
virus and protect the health and safety of teachers and students,
educational institutions in various countries canceled all face-
to-face learning activities and encouraged teachers and students

TABLE 1 | The basic information of participants.

Characteristic Variable Quantity Proportion

Gender Male 128 35.26%

Female 235 64.74%

Household Country 69 19.01%

Town 90 24.79%

City 204 56.20%

Major Accountancy 58 15.98%

Dance 10 2.75%

Music performance 98 27.00%

Apparel fashion design 164 45.18%

Social sports guidance and management 33 9.09%

to conduct online teaching. As a result, tens of millions of
students suddenly switched from traditional face-to-face learning
to fully online learning. Therefore, in the spring semester of
2020, a university in Chengdu, Sichuan, China, was investigated
by class as a unit. Taking the online course “Computer Science
Fundamentals” as an example, the rain classroom (an intelligent
online teaching platform) was adopted for teaching. The relevant
empirical study was conducted on learning satisfaction and its
influencing factors.

Participants
In this study, 363 pre-service teachers (Mage = 18.95, SDage =

0.88) who participated in online learning were the participants
(Table 1). They completed an online survey (www.wjx.cn) in
∼15min voluntarily and anonymously.
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Measurements
Learning Strategies
The learning strategy questionnaires developed by Pintrich and
De Groot (1990) and Duncan and McKeachie (2005) were used
to revise it. The questionnaire was translated into Chinese and
developed by Kong and Lu (2012) and Xiong et al. (2012). This
study consisted of 22 items with a five-point Likert scale (from 1
= strongly disagree to 5= strongly agree), which was divided into
three dimensions of metacognitive self-regulation (12 items, e.g.,
“I ask myself questions to make sure I understand the material
I have been studying in this class”), elaboration (six items, e.g.,
“When reading for this class, I try to relate the material to what
I already know”), and organization strategies (four items, e.g.,
“When I study for this course, I go over my class notes and make
an outline of important concepts”), to measure the student’s use
of learning strategies during online learning. The overall internal
consistency α coefficient of this Chinese questionnaire was 0.96
(the corresponding α values for the three dimensions were 0.90,
0.96, and 0.95), which indicated the high reliability quality.

Academic Emotions
This questionnaire was adapted from the Achievement Emotion
Questionnaire (AEQ) developed by Pekrun et al. (2011). The
questionnaire was translated into Chinese and developed by
Gong et al. (2016). The survey had three dimensions, and a total
of 13 items with a five-point Likert scale (from 1 = strongly
disagree to 5= strongly agree), namely, enjoyment (4 items, e.g.,
“I am enjoying the online course”), boredom (five items, e.g.,
“I feel bored while studying the online course”), and frustration
(four items, e.g., “I felt very frustrated when studying the online
course”), to measure the student’s academic emotions during
online learning (Artino and Jones, 2012). The overall internal
consistency α coefficient was 0.85 (the corresponding α values of
the three dimensions were 0.91, 0.96, and 0.96), which indicated
the high reliability of this Chinese questionnaire.

Learning Satisfaction
This questionnaire was derived from the Chinese-language
Video Course Learning Satisfaction Questionnaire (Yang, 2014).
According to the actual needs, some items were appropriately
deleted and modified in this study to adapt to the online teaching
context, and 10 items (e.g., “Overall, I was satisfied with the
teaching of this online course.”) were retained at last. A five-
point Likert scale (from 1 = strongly disagree to 5 = strongly
agree) was used for the questionnaire options. The purpose of
this questionnaire was to measure the learning satisfaction of
students for online courses. The internal consistency α coefficient
was 0.93 in this study, which indicated the high reliability of
the questionnaire.

Behavioral Engagement
The course teaching in this study was based on the rain
classroom. Students read online courseware related to the course
content, the number of check-in times in class, and the number
of times of reading the bulletin board, which were defined
as behavioral engagement. Data were automatically generated
and exported through the backstage of this platform. They

were divided into low and high behavioral engagement groups
according to the median. Behavioral engagement was coded 1 =
low group, 2= high group.

Social Interaction
Social interaction mainly referred to the student’s interactive
behavior of sending danmakus, specifically referring to the
number of danmakus messages sent. Social interaction data were
also automatically recorded, generated, and exported backstage
of the rain classroom. The data were divided into low and
high social interaction groups according to the median. Social
interaction was coded 1= low group, 2= high group.

Data Collection and Analysis
Data were collected in May 2020. First, the questionnaire was
uploaded to WJX (www.wjx.cn). Then, the data were entered
and managed using Excel 2019, and SPSS 24.0 was used for
descriptive statistical analysis and correlation analysis. Finally,
the mediating and moderating effects of the model were analyzed
in Mplus 8.3 by SEM analysis. The deviation-corrected percentile
Bootstrapping method was used to test (repeat sampling,
2,000 times).

RESULTS

Descriptive Statistics and Correlation
Analysis
In this study, the mean, standard deviation, and Pearson
correlation coefficient of the learning strategies (i.e.,
metacognitive self-regulation, elaboration, and organization
strategies), academic emotions (i.e., positive emotions and
negative emotions), behavioral engagement, social interaction,
and learning satisfaction were analyzed (Table 2).

The results showed that learning strategies were positively
linked with positive emotions (r = 0.44, p < 0.01; r = 0.45, p <

0.01; r = 0.40, p < 0.01) and learning satisfaction (r = 0.59, p <

0.01; r = 0.65, p < 0.01; r = 0.59, p < 0.01) but negatively linked
with negative emotions (r=−0.40, p< 0.01; r=−0.35, p< 0.01;
r = −0.34, p < 0.01). Positive emotions were positively linked
with learning satisfaction (r= 0.49, p< 0.01) and were negatively
linked with negative emotions (r = −0.31, p < 0.01). Negative
emotions were negatively linked with learning satisfaction (r =
−0.46, p < 0.01). Metacognitive self-regulation strategies were
positively linked with behavioral engagement (r = 0.14, p <

0.01). Organization strategies were negatively linked with social
interaction (r = 0.13, p < 0.05). The behavioral engagement was
positively linked with social interaction (r = 0.23, p < 0.01),
gender (r = 0.25, p < 0.01), and learning satisfaction (r = 0.14,
p < 0.01).

Analysis of the Mediating Effect of
Academic Emotions
In this study, learning strategies were considered as the
independent variables, academic emotions were the mediating
variables, and learning satisfaction was the dependent variable
to build a mediating model (Figure 2). This model used the χ2

value by the degrees of freedom (χ2/df ), root mean square error
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TABLE 2 | Descriptive statistics and correlation analysis of each variable.

Variable M SD 1 2 3 4 5 6 7 8

1. Metacognitive self-regulation strategies 3.68 0.62 —

2. Elaboration strategies 3.94 0.74 0.70** —

3. Organization strategies 3.74 0.79 0.80** 0.71** —

4. Positive emotions 3.80 0.89 0.44** 0.45** 0.40** —

5. Negative emotions 2.01 0.95 −0.40** −0.35** −0.34** −0.31** —

6. Behavioral engagement 13.79 3.68 0.14** 0.08 0.02 0.06 −0.17** —

7. Social influence 22.51 31.63 −0.04 −0.09 −0.13* −0.02 −0.02 0.23** —

8. Gender 1.65 0.48 0.10 −0.05 −0.04 0.01 −0.10 0.25** −0.02 —

9. Learning Satisfaction 4,30 0.60 0.59** 0.65** 0.59** 0.49** −0.46** 0.14** −0.02 0.05

M, mean; SD, standard deviation; *p < 0.05, **p < 0.01.

FIGURE 2 | The influence of learning strategies on learning satisfaction: a mediating model of academic emotions. *p < 0.05, **p < 0.01, ***p < 0.001.

of approximation (RMSEA), comparative fit index (CFI), and
Tucker-Lewis index (TLI) to evaluate the fit index in the current
study. The results showed that the model fit well (χ2

= 16.37, df

= 6, χ2/df = 2.73, p < 0.05; RMSEA = 0.07, CFI = 0.99, TLI
= 0.95). The significance of the mediating effect was analyzed by
the bias correction Bootstrapping method (Table 3). If the 95%
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TABLE 3 | Path coefficients of the initial structural model.

Variable β se t p

Metacognitive self-regulation strategies Positive emotions 0.23* 0.09 2.45 <0.05

Negative emotions −0.26** 0.09 −2.94 <0.01

Learning satisfaction 0.09 0.07 1.34 >0.05

Elaboration strategies Positive emotions 0.28** 0.08 3.45 <0.01

Negative emotions −0.18** 0.07 −2.77 <0.01

Learning satisfaction 0.35*** 0.06 6.09 <0.001

Organization strategies Positive emotions 0.02 0.08 0.24 >0.05

Negative emotions −0.04 0.08 −0.51 >0.05

Learning satisfaction 0.13* 0.06 2.12 <0.05

Gender Positive emotions <0.01 0.05 0.07 >0.05

Negative emotions −0.11* 0.05 −2.11 <0.05

Learning satisfaction 0.04 0.04 1.00 >0.05

Positive emotions Learning satisfaction 0.18** 0.05 3.38 <0.01

Negative emotions −0.18** 0.05 −3.33 <0.01

β, standardized path coefficient; se, standard error; t, t-statistic; *p < 0.05, **p < 0.01, ***p < 0.001.

confidence interval of the average estimate of the mediating effect
of a path in the model did not contain 0, the mediating effect
corresponding to the path was significant (Shrout and Bolger,
2002).

Table 3 demonstrated the hypotheses testing results for direct
path coefficients of initial structural model. In the condition of
gender being controlled, the results showed that metacognitive
self-regulation self-regulation strategies had significant influence
on positive emotions (β = 0.23, t = 2.45, p < 0.05) and
negative emotions (β = −0.26, t = −2.94, p < 0.01), whereas
its predictive effect on learning satisfaction was not significant.
Additionally, positive emotions (β = 0.28, t = 3.45, p <

0.01), negative emotions (β = −0.18, t = −2.77, p < 0.01),
and learning satisfaction (β = 0.35, t = 6.09, p < 0.001)
were significantly predicted by elaboration strategies. As for
organization strategies, we only found a significant direct effect
between organization strategies and learning satisfaction (β =

0.13, t = 2.12, p < 0.05). Furthermore, learning satisfaction was
significantly predicted by positive emotions (β = 0.18, t = 3.38,
p < 0.01), and negative emotions (β = −0.18, t = −3.33, p <

0.01). Finally, regarding gender, we did not find any effect of
gender on positive emotions or learning satisfaction, but gender
significantly predicted negative emotions (β =−0.11, t =−2.11,
p < 0.05).

The direct and mediating effects of learning strategies on
learning satisfaction were examined using the Bootstrapping
method (Table 4). First, elaboration strategies (g = 0.35, p <

0.001) and organization strategies (g = 0.13, p < 0.05) had
direct influence on learning satisfaction, while metacognitive
self-regulation strategies had no direct influence on learning
satisfaction. Second, positive emotions (g = 0.04, p < 0.05)
and negative emotions (g = 0.05, p < 0.05) had fully
mediating effects on the relationship between metacognitive
self-regulation strategies and learning satisfaction, respectively.
Positive emotions (g = 0.05, p < 0.05) and negative emotions
(g = 0.03, p < 0.05) partially mediated the relationship between

elaboration strategies and learning satisfaction. Finally, positive
emotions did not show a mediating effect on the relationship
between organization strategies and learning satisfaction, nor did
negative emotions.

The results showed that the student’s metacognitive self-
regulation strategies indirectly influenced learning satisfaction
by influencing their academic emotions. Elaboration strategies
not only directly influenced learning satisfaction but also
indirectly influenced learning satisfaction by influencing
academic emotions. Although we found that organization
strategies directly inflence learning satisfaction. However,
organization strategies did not indirectly influence learning
satisfaction through academic emotions. Specifically, if students
often used metacognitive self-regulation and elaboration
strategies, they experienced more positive emotions and less
negative emotions during the learning process and thus had
higher learning satisfaction. In addition, male students reported
more negative emotions than female students.

Analysis of Moderating Effect of Behavioral
Engagement and Social Interaction
In this study, learning strategies were used as the independent
variables, learning satisfaction as the dependent variable,
and behavioral engagement and social interaction were
the moderating variables to build the moderating model
(Figures 3, 4).

From the moderating models that we constructed, behavioral
engagement had a moderating effect on the relationship
between learning strategies and learning satisfaction, while social
interaction had no moderating effect. From the simple slope
figure of moderating effect (Figure 5), under low-level learning
strategies, a high level of behavioral engagement increased
learning satisfaction, and low-level behavioral engagement
reduced the learning satisfaction. By contrast, under the high-
level learning strategy, the scenario was the opposite.
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TABLE 4 | Bootstrapping analysis of the mediating effect test.

Dependent variable Independent variable Mediating variable Direct effect Mediating effect LLCI ULCI

Learning satisfaction Metacognitive self-regulation strategies Positive emotions 0.09 0.04* 0.01 0.09

Negative emotions 0.09 0.05* 0.01 0.10

Elaboration strategies Positive emotions 0.35*** 0.05* 0.02 0.11

Negative emotions 0.35*** 0.03* 0.01 0.07

Organization strategies Positive emotions 0.13* — −0.02 0.04

Negative emotions 0.13* — −0.02 0.04

LLCI, lower level of confidence interval; ULCI, upper level of confidence interval; *p < 0.05, ***p < 0.001.

FIGURE 3 | The influence of learning strategies on learning satisfaction: a

moderating model of behavioral engagement. **p < 0.01, ***p < 0.001.

The results showed that the student’s behavioral engagement
had a moderating effect on the relationship between learning
strategies and satisfaction. With the increase in the student’s
use of learning strategies, excessive behavioral engagement
would negatively reduce learning satisfaction. Nonetheless, the
moderating effect of social interaction on the relationship
between learning strategies and satisfaction was not significant.

Figure 6 shows that during online learning, the student’s social
interaction presented a polarization trend. Most students did not
send danmakus or rarely sent them. Only a minority of students
liked to send a large number of danmakus.

DISCUSSION

Due to the COVID-19 pandemic, the vast majority of college
students around the world rely on online learning platforms
to continue their studies. This massive online learning activity
will facilitate the sustainable development of blended learning
in the post-pandemic era. Some studies have suggested that
learning satisfaction is correlated with a stronger intention
to participate in online learning (Salam and Farooq, 2020),

FIGURE 4 | The influence of learning strategies on learning satisfaction: a

moderating model of social interaction. ***p < 0.001.

lower dropout rates (Hew et al., 2020), and better learning
performance (Al-Fraihat et al., 2020). Therefore, measuring the
learning satisfaction of students on online learning platforms is
urgent. Hence, the purpose of the current study is to respond
to this need by examining how learning strategies predict
academic emotions and how do these variables predict learning
satisfaction. In addition, the manner by which the interaction
of learning strategies with behavioral engagement and social
interaction may predict learning satisfaction was also explored.
This study is conducted in a real learning context. Although
experimental research is the only way to draw a definite causal
conclusion, investigating in a real learning context will help to
gain a preliminary understanding of the possible causal processes
(Obergriesser and Stoeger, 2020).

Conclusion
The results offered partial support for the models we constructed.
The conclusions emerging from the present study are as follows:
First, students using different learning strategies could stimulate
more positive emotions and less negative emotions. Second,
positive emotions positively predicted learning satisfaction, while
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FIGURE 5 | The influence of learning strategies on learning satisfaction: a

simple slope figure of the moderating effect.

negative emotions negatively predicted learning satisfaction.
Third, learning strategies had indirect effects on learning
satisfaction through academic emotions. Lastly, behavioral
engagement had a moderating effect on the relationship
between learning strategies and satisfaction. The current research
combined learning strategies with academic emotions, behavioral
engagement, and social interaction to clarify how these variables
work together to predict online learning satisfaction, which
extends the influence of these variables on student’s learning. Our
findings suggested that learning strategies, academic emotions,
and behavioral engagement are important variables influencing
learning satisfaction. Therefore, this study is significant in that
it provides empirical information on the importance of learning
strategies, academic emotions, and behavioral engagement in
online learning satisfaction, particularly by highlighting the
mediating role of positive emotions and negative emotions.

Mediating Effect of Academic Emotions
By constructing a mediating model, we found that metacognitive
self-regulation and elaboration strategies had indirect effects on
learning satisfaction through academic emotions, but the indirect
effects of organization strategies were not significant (partially
supporting H3). This finding showed that more metacognitive
self-regulation and elaboration strategies were used to promote
the positive and high arousal emotions of students to improve
their learning satisfaction. However, in this study, the indirect
effect of organization strategies on learning satisfaction was
not significant. First, we examined that learning strategies
can influence academic emotions. Metacognitive self-regulation
and elaboration strategies could significantly positively predict
positive emotions and negatively predict negative emotions,
while organization strategies had no significant predictive

effect (partially supporting H1). Theoretically, the influence of
academic emotions and learning strategies could go in both
directions (Pekrun, 2006; Pekrun and Perry, 2014). Thus, our
findings support the CVT from which we drew this hypothesis.
However, in direct contradiction to H1, organization strategies
were unrelated to academic emotions. The relationship between
organizational strategies and academic emotions is controversial.
For example, King andAreepattamannil’s (2014) findings showed
that the use of organization strategies was positively associated
with positive emotions but not correlated with negative emotions
among secondary school students. Muis et al. (2015b) found in
a study that the positive emotions of fifth-grade students were
not related to how often they used organization strategies, but
negative emotions were strongly correlated with organization
strategies. The findings of these previous studies are all based
on the influence of academic emotion on learning strategies,
and there is still a lack of literature on the influence of learning
strategies on academic emotion. One explanation for these
findings may be that students are asked to complete tasks that
fully demonstrate their learning abilities. However, these tasks are
not important or necessary for students to use deep organization
strategies to accomplish them (Obergriesser and Stoeger, 2020).
Therefore, the organization strategies in this study are not
enough to influence their academic emotions. Second, we found
that positive emotions significantly positively predicted learning
satisfaction, while negative emotions significantly negatively
predicted learning satisfaction (supporting H2). This result was
consistent with those of previous studies that academic emotions
were important predictors of learning satisfaction and academic
performance (Artino and Jones, 2012; Lee et al., 2021) and
verified that academic emotions influenced learning achievement
in the CVT (Pekrun, 2006). Specifically, Lee et al. (2021) indicated
that the more positive emotions nursing graduate students had,
the higher their learning satisfaction, highlighting the important
role of academic emotions in graduate study. Pekrun et al.
(2002) also proposed the influence of academic emotions on
students’ cognitive processes and academic performance, which
is related to mental health (e.g., learning satisfaction). Lastly,
we also found that elaboration and organization strategies
significantly positively predicted learning satisfaction, which
was consistent with some study results of Choi (2016) and
Kasalak and Dagyar (2020). These conclusions verified that
learning strategies had a positive influence on the learning
achievement in the CVT (Pekrun, 2006). However, metacognitive
self-regulation strategies could not significantly predict learning
satisfaction. This phenomenon is possibly due to the fact that
metacognitive self-regulation strategies belonged to deep-level
learning strategies, and their use imposed higher requirements on
the student’s metacognitive abilities (Obergriesser and Stoeger,
2020). Thus, the relationship between metacognitive self-
regulation strategies and learning satisfaction could be not a
simple linear correlation. Although online students have more
choices and opportunities to use learning strategies freely, they
often report using them frequently but are not able to use them
competently (Obergriesser and Stoeger, 2015). This phenomenon
indicates that the students may give up their current learning
strategies and adopt other more effective learning strategies if
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FIGURE 6 | The scatter figure of the number of people sending danmakus and the number of danmakus sent.

they have poor academic performance when using metacognitive
self-regulation strategies.

Moderating Effect of Behavioral
Engagement and Social Interaction
After constructing two moderating models, we found that
behavioral engagement had a significant moderating effect on
the relationship between learning strategies and satisfaction, but
the moderating effect of social interaction was not significant
(partially supporting H4).

For students who use low learning strategies, high behavioral
engagement enhanced their learning satisfaction. By contrast,
students with high learning strategies, high behavioral
engagement weakened their learning satisfaction. This finding
shows that although behavioral engagement in online learning
could promote learning satisfaction, its promotion effect
largely depended on the level of use of learning strategies.
When students used fewer learning strategies, their learning
initiative was not high, and high behavioral engagement
would encourage them to study more actively, thus leading
to higher learning satisfaction (Gray and DiLoreto, 2016; Luo
et al., 2019). However, when students used more learning
strategies, the higher behavioral engagement would reduce
learning satisfaction. This phenomenon is probably because the
student’s learning process involved strong planning and was
targeted, and high engagement increased the external cognitive
load (Gong et al., 2018). The high external cognitive load
would influence the learning process, resulting in low learning
satisfaction (Hawlitschek and Joeckel, 2017). However, for social
interaction, we did not find a moderating effect. As mentioned
in the literature review, danmakus related to learning content
may improve learning satisfaction, while unrelated danmakus

may reduce learning satisfaction (Zhang et al., 2019). This
phenomenon is possibly due to the fact that many students
send a lot of danmakus irrelevant to the learning content, which
interfered with the learning process. In addition, most students
did not send danmakus or rarely send them. Hence, these
findings partially supported H4.

Educational Implications
First, monitoring their learning process and making effective
learning decisions are difficult for students, resulting in
great differences in autonomous learning efficiency among
individuals (Dunlosky and Rawson, 2012). Therefore, from
the perspective of online instructional design, teachers should
pay attention to guiding and helping students to use more
effective and deep learning strategies, such as metacognitive self-
regulation and elaboration strategies. Students need to use these
strategies accurately to monitor and regulate learning behavior
to optimize the learning process and results. The students
use metacognitive self-regulation strategies (i.e., planning,
monitoring, and regulation) to control their cognition and
behavior, while they use elaboration strategies to connect new
knowledge with existing knowledge in their brain (Obergriesser
and Stoeger, 2020). This behavior was more likely to achieve
better academic performance. Before a class, teachers can design
relevant questionnaires to analyze the characteristics of students
and their learning to help the students choose appropriate
learning strategies based on their situation and previous
experience. In addition, the course of “strategic learning” can
be formulated to make the students clearly understand the
advantages and disadvantages of their learning strategies use.
This activity may promote the students to better manage the
learning process and increase their positive emotions.
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Second, from the perspective of online learning platform
development, learning analysis technology based on artificial
intelligence and big data can be introduced. For example, an
online teaching feedback mechanism can be introduced to
monitor and feedback the student’s use of learning strategies and
actively give adjustment suggestions to the students. Especially
at the beginning of learning, the students will have positive
emotions, such as curiosity and enjoyment, due to the freshness
of online learning. However, the intensity and frequency of these
positive emotions gradually decrease as the learning progresses.
Previous studies have shown that positive emotions can promote
students to seek actively learning opportunities and resources and
participate more actively in learning activities (Zhen et al., 2017).
Therefore, teachers should especially pay attention to guiding and
helping students to conduct emotional self-regulation to improve
effectively the learning satisfaction and results. Online learning
platforms can also introduce technologies, such as affective
computing, to develop affective teaching agents to acquire,
evaluate, and give feedback on emotions and provide effective
support to encourage students to produce positive emotions.

Finally, behavioral engagement, as a core variable to improve
the quality of online learning, can help teachers clarify the
online learning activity design from the perspective of online
instructional design. Enhancing the quality of online courses by
intervening and optimizing the design of the online teaching
activities to promote student’s learning satisfaction (Caskurlu
et al., 2021). From the perspective of online learning platform
development, user portrait and visualization technology can be
introduced to guide and help students who use different levels of
learning strategies to make appropriate behavioral engagement.
In addition, relevant data collection tools, such as functional
magnetic resonance imaging (fMRI) and electroencephalogram
(EEG), can be developed to obtain the student’s behavioral data
and provide teachers and students feedback (Abreu et al., 2018).
Students that use low learning strategies should be encouraged
to reflect on learning and guided to make more behavioral
engagement, such as the introduction of excellent online learning
resources, the construction of active learning activities, and
atmosphere (Shi et al., 2021). Students who use high learning
strategies should be guided and helped to reduce unnecessary
behavioral engagement.

LIMITATIONS AND DIRECTIONS FOR
FUTURE RESEARCH

Several limitations should be acknowledged in this study that
can profitably be addressed to stimulate future research. First,
the sample size of participants is limited. In future research,
data can be collected from more participants from different
schools and different age levels. Second, we only evaluated three
academic emotions (i.e., enjoyment, boredom, and frustration).
These three emotions are the strongest and most frequently
experienced emotions in school. However, many other emotions
are also related to learning (e.g., confusion, curiosity, and pride,
etc.) that need further research. Third, in this study, we first verify

whether learning strategies can influence academic emotions.
In future research, we will do a six-month follow-up study,
using T1 (learning strategies), T2 (academic emotions), and T3
(learning strategies) as three-time points, and conduct a cross-
lagged regression to further disentangle possible causal effects.
Forth, in this study, students’ academic emotions were derived
from their self-report. In the future, EEG, fMRI, eye-tracking
technologies, and other facial expression analysis tools combined
with a face reader technology can be considered to conduct
an in-depth study on academic emotions and cognitive neural
mechanisms based on a single academic emotion (e.g., anxiety
when asking questions) or a single academic emotion function
(e.g., learning interest). Therefore, in the future, more advanced
technologies and tools combined with educational neuroscience,
starting from the specific application of the online student’s
learning strategies and changes in academic emotions at each
stage, should be used.
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