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Abstract Withthein-depthdevelopmentof
internet plus education and the COVID-19
pandemic, online learning has become a
universal teaching method in the world.
However, the issue of superficial and low-
quality in online learning is still widespread.
From the internal and external conditions
of online deep learning, this study reveals
the theory mechanism of how the online
learning environment and teacher support,
as external conditions, affect students’
emotions and learning motivation, and then
affect students’ internal learning state. On
this basis, an online deep teaching model is
constructed, which consists of three stages:
online asynchronous self-study before
class, online synchronous live broadcasting
teaching in class, and online asynchronous
expansion after class. Meanwhile, a one-
term long online teaching practice is carried
out in the course named the Instructional
System Design. The results show that, in
the learning process level, the online deep
teaching model can effectively improve
students’ online learning engagement,
promote students to use deep
learning methods and deep learning
motivation to learn, and enhance the
depth of online interaction between
students. At the level of learning b
results, students’ critical thinking
and online academic performance

have been significantly improved.

Keywords online learning, online deep
learning, internal mechanism, teaching
model, teaching effectiveness

1 Introduction

The continuous COVID-19 pandemic
has brought unprecedented development
opportunities for online learning and posed
huge challenges to higher education. Under
the suddenly, all-round, and continuous
impact on online teaching, institutions of
higher education have adopted the technical
countermeasures of seeking suitable
online teaching platforms but focused
less on effective online learning theories
and online teaching models (Adedoyin &
Soykan, 2020). Consequently, the effects
of online learning during the pandemic
are unsatisfactory: Students are more easily
distracted during online learning (Hollis &
Was, 2016); and students’ participation and
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engagement are slack (Timmons, 2020) for
lacking of teachers’ supervision and the
free learning time and learning manner.
The reason is that teachers’ awareness of
the occurrence mechanism on online deep
learning is obscure; they have not posed
deep thinking about high-quality online
teaching design and cannot encourage
students’ deep learning via motivating
technological functions.

The environment of online learning
provides good physical space for the
occurrence of online deep learning.
Garrison (2016) holds the view that online
learning technologies provide not merely
the environment for individuals’ learning
and reflections but also the environment of
collaborative learning through group and
collective discussion in a bid to integrate
the characteristics of individualized
and socialized learning naturally and
appropriately. Via connection, exchange,
interaction, collaboration, reflection, and
innovation, students get promotedin termsof
the construction of individuals” knowledge,
significance generation, and higher-level
thinking development to stimulate deep
learningand meaningfullearning. Therefore,
how to make full use of the advantages of
the online learning environment and work
out high-quality online teaching designs,
to better satisfy students’ learning needs,
enhance their online learning engagement,
and advance their online deep learning, has
become an important and urgent topic of
online teaching under the background of
the continuous and repeated COVID-19
pandemic. This paper primarily explores
the occurrence process and mechanism of
online deep learning. On this basis, it sets up
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the online teaching model with the purpose
of stimulating students’ deep learning
and applies it to real classroom teaching.
The learning effects are analyzed from the
perspectives of the learning process and
the learning results, in hopes of providing
references for improving the effects of online
learning and the quality of higher education.

2 Online Deep Learning and
Relevant Research

Deep learning refers to the students’
active participation and engagement
(Bu et al., 2021), stressing their deep
understanding,  jointing,  rebuilding,
transfer, and application of knowledge,
and prioritizing developing students’
critical thinking and problem-solving
abilities (Marton & Saljo, 1976). Online
deep learning keeps the connotation of
deep learning apart from the changes of
the learning environment. However, it is
worthy of noting that online deep learning
does not mean the students can meet the
required level merely by browsing videos,
participating in discussion, and handing
in their homework (Du & Huang, 2020),
but they should make full use of online
learning resources and opportunities,
whole-heartedly participate in and engage
themselves in independent exploration and
collaborative, interactive learning activities
(Filius et al., 2018), creatively apply the
knowledge, and develop higher-level
thinking ability on the basis of profoundly
understanding the knowledge (Hwang
et al, 2021). Overall, this paper believes
that online deep learning is the process in
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which students, under the organization and
guidance of their teachers, actively access
online learning resources, and consciously
and orderly communicate with learning
content, teachers, and other students. They
acquire knowledge, build understanding,
and develop sustainable learning abilities
and higher-level thinking from the learning
experience in the process of independent,
collaborative, and inquiry learning.

At present, global research on
online deep learning can be categorized into
theoretical research and empirical research.
Theoretical research chiefly focuses on
model construction and teaching strategy
discussion. In terms of model construction,
Salmon (2013), from the perspective of
the occurring process of online learning,
constructs the in-depth teaching model,
including such five stages as access
and motivation, online socialization,
information exchange, knowledge
construction, and development. The online
deep learning and teaching framework
brought forth by Anderson (2008) includes
the four stages, that is, learning preparation,
learning activity, learning interaction,
and knowledge transfer. In terms of
teaching strategy discussion, Hacker and
Niederhauser (2000) bring forward five
core strategies to stimulating online deep
learning, including active participants
in learning, effective use of examples,
collaborative problem solving, effective use
of feedback, and motivational components.
Martin et al. (2020) and Davis et al. (2018)
discover through systematic review that
interaction, discussion, participation, and
collaboration are more effective online
learning strategies.
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Empirical research mainly focuses
on different online teaching strategies
and discusses their influence on students’
learning process and results. In terms of
the learning process, researchers like Ke and
Xie (2009) discover that, after analyzing
the online learning behaviors of 51 adult
students, the online teaching design pattern
featuring good content and structure as
well as effective teaching support enhances
the participants’ cognitive engagement
and satisfaction degree of online learning.
Koszalkaetal. (2021) find that, if the students
finish pre-class learning tasks designed by
the teachers before online asynchronous
discussion, the quantity and depth of the
online discussion will be increased. In terms
of the learning results, Bu et al. (2022), by
designing the digital medals of individuals
and groups, motivate the students to
participate in active online discussion and
collision of ideas and effectively develop
the students’ abilities of critical thinking.
Some researchers like Du et al. (2005), by
designing the framework of dynamic online
discussion on deep learning composed of
peer discussion, structured theme discussion,
and collaborative tasks discussion, effectively
enhance the online interaction and higher-
level cognition of the students, and hence
encourage them to change from superficial
learning to deep learning.

To sum up, the previous theoretical
and empirical research on promoting online
deep learning has been comparatively
abundant and detailed but still exposes
the following defects. First, previous
research lacks discussion and in-depth
analysis toward the internal mechanism
of online deep learning and needs further
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research. Second, the previous research on
the teaching models and strategies focuses
more on the open online courses oriented
toward students’ independent learning,
for instance, Massive Open Online
Courses (MOOCs), while less on how to
effectively carry out online deep teaching
in institutions of higher education in the
background of the COVID-19 pandemic.
Moreover, it has not proposed specific,
operable online deep teaching models.
Third, the previous empirical research
focuses on the specific application effects of
online teaching strategies, but inadequately
on the holistic application and effects of
the online deep teaching models. In view
of these, this paper aims to solve the three
problems as follows: What is the internal
mechanism of online deep learning?
What kind of online teaching pattern can
effectively encourage students’ online deep
learning? What is the influence of deep
learning-oriented online teaching practice
on the learning process and results?

3 The Internal Mechanism of
Online Deep Learning and
Model Building

3.1 | The Internal Mechanism of
Online Deep Learning

Each type of learning pattern has its particular
occurrence mechanism and so does online
deep learning. Only when the occurrence
mechanism of online deep learning is
clarified, can high-quality online teaching be
purposefully designed and implemented and
can the occurrence of online deep learning be
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better stimulated. This paper aims to combine
the occurring process of deep learning and
the characteristics of online learning to
explore the internal occurrence mechanism
of online deep learning. The occurring
process of deep learning can be understood
on the basis of the 3P learning process
model built by Biggs (1987). Biggs divides
the learning process into three major stages,
namely, Presage, Process, and Product, and
believes that different learning motivation
might result in different cognition processing
and different learning results. Therefore,
efforts must be made to activate the students’
internal motivation for learning and guide
them to adopt deep learning methods to
complete the processing and internalization
of cognition, so as to realize online deep
learning. The Community of Inquiry model
brought forth by Garrison et al. (1999) boasts
great guiding significance for advancing
online deep learning. The model points
out that the advantages in abundant online
learning resources, powerful interaction
platforms, and precision and timely learning
evaluation can create for the students an
excellent learning atmosphere integrating
the cognitive presence, social presence, and
teaching presence, to facilitate the students’
knowledge building and higher-level
thinking development, and realize online
deep learning.

In conclusion, based on the research
mentioned above, this paper explores and
forms the internal mechanism of online
deep learning, specifically shown in Figure 1.
Horizontally, the occurrence of online
deep learning can be divided into learning
preparation, learning process, and learning
results. Vertically, this paper holistically
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interpretes the internal and external
conditions of online deep learning: The
external conditions include the online
learning environment and teacher support,
while the internal conditions refer to
students’ internal learning state. The
basic logic behind promoting online deep
learning is to fully utilize two external
conditions: the online learning environment
and teacher support. These conditions
are aimed at triggering positive internal
emotions and motivation within students,
encouraging their active engagement in
the learning process. Consequently, this
leads to online deep learning outcomes
that include deep understanding of the
subject matter, the ability to apply learned
knowledge to new situations, and higher-
level thinking development. The online
learning environment and teacher support,
as the external conditions, generate full
effects on the students’ internal learning
states during both the stages of learning
preparation and actual learning.

In the stage of learning preparation,
the online learning environment can
provide abundant and diverse learning
resources for students, including e-teaching
materials, explanatory audio, micro-
lesson video, chapter cases, and extended
documents. Students can choose different
learning resources according to their
interest and learning needs to better satisfy
their personalized learning needs and
activate their good learning emotions and
internal learning motivation. In this stage,
the teacher support is chiefly reflected in the
holistic teaching design of the curriculum,
primarily including the following factors:

First, determine the curriculum
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objectives. Teaching is a process to
encourage students to make positive
changes toward the objectives. Clear and
specific teaching objectives are especially
important for activating the online students’
learning motivation (He, 2018). Second,
clarify the knowledge structure. Knowledge
structure is a kind of knowledge system
linking knowledge factors and knowledge
relationship (Wang, 2021). Teachers should
focus on the evolution and connections of
knowledge in a bid to help students ravel out
knowledge logic and lower the difficulties of
learning. Third, teachers should make full
use of online learning platforms to provide
students with abundant and diverse learning
resources to better satisfy their personalized
learning needs. Forth, design higher-level
activities. Higher-level activities are high-
level cognitive activities that can enhance
students’ learning engagement and inspire
their problem solving and critical thinking
abilities (Bu et al., 2021). With the support
of the above two external forces, students’
internal learning motivation can be
activated, and their good learning emotions
can be mobilized in a bid to guarantee
students’ positive engagement in online
learning.

In the stage of actual learning,
the online learning environment boasts
powerful interactive functions, breaks
through the restrictions of limited school
hours and fixed seats in traditional
classrooms, and brings about the
convenience and freedom of synchronous
view sharing in different places. It facilitates
the two-way, diverse, immediate, and
in-depth interaction between teachers-
students and students-students, deepens the
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understanding of knowledge, and promotes
the development of higher-level abilities of
problem solving and critical thinking of the
students in the process of critical doubting,
dialectical interpretation, and opinions
negotiation (Kang, 2016). Teachers need
to organize students to implement and
finish a series of higher-level cognitive
activities.

First, higher-level cognitive activities
should be carried out in real scenarios
(Brown et al, 1989). Only when the
scenarios are in the real world and close to
the students’ life, can they have more desire
for exploration and impetus of thinking.
On this basis, teachers should ask authentic
questions which are the starting point of
learning, and problem solving is the most
important and meaningful learning and
thinking activity in teaching. Second, deep
learning must highlight the sociality of
learning (Fullan & Langworthy, 2014). The
social learning activity which is principally
presented in group collaborative learning,
not only stimulates collaborative knowledge
building but also boosts students’ sense of
social existence in online learning. When
students’ cognition of knowledge is lifted
from “what” to “why” and to “how to apply
it in life” (Qian, 2018), they can realize the
spanning from superficial learning to deep
learning. Finally, in the whole process of
cognition processing, the function of meta-
cognition cannot be ignored. Students need
to consciously plan, monitor, and regulate
their cognitive activities and results (Paul &
Don, 2009). In this way, cognitive activities
and the meta-cognition strategy can
effectively cooperate to push the students
to realize higher-level cognition and finally
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achieve the goal of deep learning featuring
the profound understanding of knowledge,
transferring and applying knowledge, and
developing higher-level thinking.

3.2 | Teaching Model Building to
Promote Online Deep Learning

On the basis of the internal occurrence
mechanism of online deep learning, this
paper builds an online in-depth teaching
model which consists of three stages:
online asynchronous self-study before
class, online synchronous live broadcasting
teaching in class, and online asynchronous
expansion after class (see Figure 2). As
mentioned above, activating students’
internal learning motivation and learning
emotions and encouraging their active
engagement are the premises to carry out
online deep learning. For this reason, in
the stage of online asynchronous self-
study before class, teachers need to make
and upload diversified learning resources
and design higher-level learning activities
featuring interesting lead-in questions
and themed discussion based on teaching
analysis. Diversified lead-in questions
and themed discussion can effectively
activate students’ internal motivation.
They can actively finish the learning
activities of independent exploration and
group discussion on the online learning
platforms with the lead-in questions
as the mainline and diversified video
resources, to fulfil the learning objectives
of memorizing and understanding the basic
knowledge.

In the stage of online synchronous
live broadcasting teaching in class, the
in-depth participation and experience
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in higher-level activities are the key to
promoting in-depth understanding and
higher-level cognition. Teachers’ activities
primarily include interpreting the key
and difficult knowledge points, answering
questions, evaluation and feedback on the
self-study condition before class, asking
higher-level ~questions, summarization,
and other higher-level learning activities.
Students begin by engaging in independent
thinking based on the given question.
Building wupon this foundation, they
collaborate with their group members
in online discussions, fostering deep
communication and interaction. Through
dialectical reasoning, interpretation, and
critical analysis, they engage in thorough
debates and explicating. Subsequently,
they accomplish consensus building and
integration of ideas by means of negotiation,
culminating in the formation of a final
group solution. Finally, the group presents
their collective achievements by showcasing
their group outcomes. Teachers make timely
evaluation and feedback on the exploration
and results of research and discussion of
the students and primarily achieve the
objectives of integrating, building, and
internalizing of the knowledge.

In the stage of online asynchronous
expansion after class, students conduct
reflectiveexpansionand creativetransferand
application, which become the important
guarantee for implementing online deep
learning. Teachers assign project-type
homeworkaccording to thelearning content
and organize students to draw concept
maps, write personal reflection journals,
and finish peer evaluation. Students finish
their project-type homework and peer
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evaluation through group cooperation.
During the process, they cultivate their
critical thinking, transferring and applying
abilities, and complicated problem-solving
abilities. Therefore, the advancement
from superficial knowledge acquisition
to in-depth knowledge processing and to
higher-level evaluation is achieved, finally
encouraging students’” deep learning.

4  Research Design and
Implementation of Students’
Deep Learning Fueled by
Online Teaching

4.1 | Research Objects and
Environment

With the core compulsory course
“Instructional System Design” of the
Educational Technology specialty in
H Normal University as the carrier of
practice, this paper is based on one-term
online teaching and learning activities on
Ding Talk and Learningpass platforms.
51 sophomores of the specialty selected
as the participants were divided into
eight groups in the manner of in-group
heterogeneity and out-group homogeneity.
The participants have clear learning
objectives and strong learning motivation
as well as some meta-cognitive ability and
problem-solving ability. Meanwhile, they
master some methods and skills of online
learning and have good information literacy
that lay a good foundation for the successful
online teaching. However, the online
learning environment leaving the teachers
and students detached for long enormously
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tests the students’ learning process, results,
and performance. Therefore, this paper aims
to verify whether the online teaching model
oriented for deep learning established by the
authors can improve the learning process,
enhance the learning effects, and really
promote the students’ online deep learning.

4.2 | Research Methods and Tools

Earl (2012) believes that, the evaluation of
deep learning should not merely be given at
theend of the teachingbutshould go through
the whole learning activities. Therefore, this
paper comprehensively studies the influence
of online teaching on the students’ deep
learning in the dimensions of the learning
process and the learning results. The
learning process includes the evaluation
on the students’ learning engagement,
learning methods and motivation, and
online interaction. Data were collected and
evaluated mainly through questionnaire and
social network analysis. The learning results
include critical thinking and academic
performance. Since reflection and critical
thinking both include the same factors
of self-monitoring of thinking and meta-
speculation (Lin, 2006), the evaluation of
critical thinking was conducted principally
according to the students’ reflection on their
studies. The academic performance was
evaluated according to students’ term-end
homework, namely, their teaching design
scheme. Overall, the specific collection and
analyzing methods of the learning process
and learning results are shown respectively
in Table 1 and Table 2.

4.3 | Research Process

To explore the effectiveness of the online
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in-depth teaching model, the authors
conducted practice research according to
the following research process (see Figure 3).
First, before the formal course teaching, the
authors pre-tested the students’ learning
engagement, methods, and motivation.
On this basis, the teachers introduced the
online learning platforms, the curriculum
teaching model, and the learning
methods to be adopted by the students;
Then, teachers divided the students into
eight groups (six or seven students in a
group) on the principle of in-group
heterogeneity and out-group homogeneity.
Next, the 15-week online learning activities
began, specifically including:  First,
asynchronous self-study and collaborative
learning of the students on the basis of
the learning task list, teaching video, and
related document reading before class;
second, higher-level cognitive activities like
problem solving in class, learning evaluation
and feedback toward pre-class learning,
and group discussion; third, groups
collaboratively finished the project tasks
based on the contents of the chapters after
class to facilitate the transfer and application
of the knowledge learned in class. In this
process, the authors collected and analyzed
the data of the students’ online interactive
behaviors and reflection journals to know
their degree of participation in online
activities and the changes of interactions
among students. When the course ended
in Week 17, the post-test was conducted to
examine the students’ learning engagement,
methods, and motivation.
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Table 2 Learning Result Evaluation Methods and Tools

Participated in online discussion

Dimension of Data collection methods and coding tools
evaluation
Critical Content Content of Coding tool Coding reliability
thinking analysis evaluation
Changes of the Hatton and Smith’s ~ Descriptive writing The average degree of
respective (1995) four-tier (low level) mutual consent K
proportions of reflection level o ) of two encoders was
four reflection coding system D escrlpFlve reflection about 0.87, and the
journals (medium and low research reliability
level) Rwas about 0.93
Dialogue reflection
(medium and high
level)
Critical reflection
(high level)
Academic Works of the Work evaluation Fail The average degree of
performance teaching design scale (integrity, mutual consent K
scheme normalization, Pass of two encoders was
operability, and Medium about 0.85, and the
innovation) research reliability
Good R was about 0.88
Excellent
51 undergraduates learning the course “Instructional System Design”
Pre-test questionnaire
Introduction to online learning platforms and learning methods Week 1

'

Grouped based on“in-group heterogeneity and out-group homogeneity” (eight groups)

'

Wrote reflection

journals

Before class: Self-studied online courses

l

In class: Participated online classroom activities and discussion

Weeks 2-16

l

After class: Collaboratively completed online projects

|

'

Post-test questionnaire

Week 17

Figure 3 Research Process
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5 Analysis of the Effects of
Online Teaching on Students’
Deep Learning

5.1 | Learning Process Analysis

5.1.1 Online Learning Engagement Analysis

Paired-samples t-test was made to measure
whether the degree of the students’ learning
engagement significantly improved after a
term of online learning. Before the test, this
study adopted the S-W positive distribution
test to judge whether the variables were in
positive distribution. The analysis result
indicates that p = 0.563 > 0.05 in positive
distribution and is suitable for the paired-
samples t-test (The final result of t-test is
shown in Table 3). Table 3 demonstrates
that: First, as to the increasing range, the
discrepancy of the mean value before
and after class indicates that after one-
term online learning, the students’
cognitive engagement was improved
most, sequentially followed by behavioral
engagement and emotional engagement.
Second, as to the post-test mean value, the
mean value of cognitive engagement is the
greatest at 4.49, followed by that of behavioral
engagement at 4.10 and emotional
engagement at 3.80. It illustrates that, after
one-term online learning, compared with
behavioral and emotional engagement,
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the students’ cognitive engagement has
reached a higher level. Third, as to the
significance of changes, it shows that the p
values of cognitive engagement, behavioral
engagement, and emotional engagement are
alllower than 0.05, indicating that the online
learning styles had significant influence on
undergraduates’ cognitive, behavioral, and
emotional engagement, with the greatest
on cognitive engagement (p = 0.00). The
above analysis fully demonstrates the
positive influence of the online learning
style on improving students’ learning
engagement.

5.1.2 Result  Analysis of Learning
Motivation and Learning Methods

Similarly, the positive distribution of the
students’ SPQ data was firstly tested. The
result shows that p = 0.849 > 0.05 and the
paired-samples t-test can be used to verify the
effectiveness of online learning on promoting
the students’ deep learning motivation and
cultivating their deep learning strategies,
with the specific test results shown in Table
4. The table indicates that, after one-term
online teaching, the students’ deep learning
motivation p=0.01<0.05,superficiallearning
motivation p =0.79>0.05, deep learning style
p = 0.05 = 0.05, and superficial learning style
p=0.55>0.05. The above data show that, the
online learning style significantly improved
the students’ deep learning motivation,

Table 3 Analysis Result of the Pre- and Post-Paired-Samples Test of the Online Learning Engagement

Dimension Pre-test Post-test Sample size t value p value
M SD M SD

Behavioral 3.88 0.51 4.10 0.45 49 -2.35 0.02
engagement

Cognitive 3.93 0.50 4.49 0.68 49 —4.77 0.00
engagement

Emotional 3.65 0.40 3.80 0.36 49 -2.06 0.04
engagement

Note. 49 samples are effective questionnaires.
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Table 4 Analysis Result of the Pre-and Post- Paired-samples Test of the Learning Methods and Motivation

Dimension Pre-test Post-test Sample t value p value
M SD M SD s
Deep learning 3.41 0.57 3.78 0.59 50 -3.48 0.01
motivation
Deep learning method 341 0.56 3.64 0.67 50 -2.00 0.05
Superficial learning 2.06 0.67 2.10 0.83 50 -0.29 0.78
motivation
Superficial learning 2.40 0.61 2.32 0.81 50 0.60 0.55
method
Note. 50 samples are effective questionnaires.
cultivated their deep learning methods and Second is the analysis of the

strategies, but did not exert a significant
influence on their superficial motivation and
learning methods.

5.1.3 Analysis of the Students’ Online
Interactive Behavior

In order to understand the students’ changes
in online collaboration and interaction,
this paper adopted the Ucinet software to
analyze the data of group discussion from
three dimensions, including the amount
of discussion messages, network density,
and central potential (Zhang et al., 2016).
Due to the large number of students and
groups, the authors randomly selected the
discussion messages of three groups for in-
depth analysis.

First is the analysis of the amount of
the discussion messages. According to the
statistics of the online platforms, with the
advancement of book-sharing activities, the
three groups of students (shown in Tables
5-7) holistically displayed a rising tendency
in terms of the amount of message posting of
the three chapters. It indicates that the
students’ willingness and enthusiasm
to participate in the online interactive
discussion have been constantly improved,

and the collaboration and interaction
among the students have become
smoother.

network density and central potential of the
discussion messages. In terms of density,
Tables 5-7 show that, the holistic network
density of the online learning groups
gradually increased (close to 1), manifesting
that the interaction of the students in the
network space increased and became more
frequentand the relations between the group
members became more intimate. Students
were more willing to negotiate and express
their views on group tasks and issues. The
cohesion of the group was enhanced during
the process.

In terms of the central potential,
Tables 5-7 indicate that the values of the
central potential of Group 1 and Group
4 holistically lowered. It means that with
the ongoing online teaching, a group
leader or a message poster was no longer
the center of class or group discussion,
but each student could actively participate
in the discussion, and the communication
in the network space tended to be more
balanced. As for the change of the central
potential of Group 5, after the interview,
it was because the learning motivation of
the students was rather weak in the earlier
stage, and their enthusiasm for discussion
was not high. However, the continuous
optimization of the digital medal and
pertinent teachers’ guidance in the later
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Table 5 Data of Online Discussion of Group 1
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Chapter Amount of  Average amount  Density Central Group chart
messages of messages potential
Chapter 1 22 2.8 0.2679 4.76%
Chapter 2 72 9 0.3571 22.45%
Chapter 3 129 16.1 0.5179 18.59%
Table 6 Data of Online Discussion of Group 4
Chapter Amount of  Average amount  Density Central Group chart
messages of messages potential
Chapter 1 26 3.7 0.4082 13.33% Lu Lii
Bu
Yang G. Cui
Xie Xue

(To be continued)
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(Continued)
Chapter Amount of  Average amount  Density Central Group chart
messages of messages potential
Chapter 2 106 15.1 0.7143 7.78% Xie
Chapter 3 212 30.3 0.7959 0.83%
Table 7 Data of Online Discussion of Group 5
Chapter Amountof  Average amount Density Central Group chart
messages of messages potential
Chapter 1 14 2 0.2381 0.00%
LiP.
Chapter 2 25 3.6 0.2381 6.67% * YiPa
* Wang Xu Zheng
*Bu
LiP.
Zhang
Chapter 3 45 6.4 0.4048 38.33% Zhang Yipa
Bu LiP.
Xu
Zheng

Wang
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stage escalated the emotions of the group
members. Thanks to the continuous
optimization of the digital medal incentive
mechanism and pertinent teachers’
guidance in the later stage, the emotions
of the group members escalated gradually.
They began to actively post and reply to
messages, activating more interaction
and correspondingly boosting the central
potentials.

Overall, the whole class had a
positive atmosphere in online discussion,
and each student actively participated
in online learning. The students were
active in posting and replying messages,
reflecting their increasing enthusiasm,
the improvement of the interaction level,
and the formation of the effectiveness of
online deep learning.

5.2 | Learning Result Analysis

5.2.1 Analysis
Development

of  Critical  Thinking

The line chart drawn in Figure 4 shows the
result of the coders’ demarcation of the
students’ reflection level, which indicates
that, following the online teaching, the
proportions of reflections on descriptive
writing and descriptive reflection level
continuously decreased. The proportions of
reflections on dialogue and critical reflection
level fluctuated but generally tended to
increase and their reflection discrepancies
were narrowed. Such improvement can be
considered as the incessant development
of the students’ critical thinking. That is
because, after one-term online teaching, the
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students developed a good habit of reflecting
on their learning content, process, and
results during collaborative group learning,
knowledge integration and internalization,
and writing after-class reflection journals
and hence developed their critical thinking
abilities.

5.2.2  Analysis of Academic Performance

As shown in Figure 5, according to the
final coding result, the students reaching
excellent and good grades respectively
account for 41.18% and 35.29%. It indicates
that, after one-term online learning,
most students delivered good academic
performance, exhibited their  solid
theoretical knowledge of teaching system
design, systematically integrated the specific
knowledge learned, and creatively applied
and transferred it to specific teaching
situations, reflecting their strong ability of
teaching system designing and the benefits
of online deep learning.

6 Conclusion, Limitations, and
Prospects

6.1 | Conclusion

Onthebasisoflearning preparation, process,
and results that are indispensable parts of
online deep learning, this paper explained
the external conditions propelling the
occurrence of online deep learning from the
perspectives of online learning environment
and teacher support. Moreover, it revealed
the internal occurrence mechanism of
online deep learning in terms of activating
students’ active learning emotions and
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internal learning motivation, promoting
active  engagement, and activating
higher-level cognition. On this basis, the
authors built the deep learning-oriented
online teaching model, comprising online
asynchronous self-study before class, online
synchronous live broadcasting teaching in
class, and online asynchronous expansion
after class. According to this model, a
one-term online teaching practice was
conducted to investigate the occurrence
of the students’ online deep learning from
the dimensions of the learning process
and the learning results, and finally reach
the following research conclusions. The
online teaching model built on the basis
of the occurrence mechanism of online
deep learning can boost the students’
online learning engagement and promote
the students to learn by adopting the deep
learning method and the deep learning
motivation. Meanwhile, it promotes online
interaction among the students, develops
their critical thinking, and improves their
online academic performance. The specific
discussions of the research findings are
listed as follows.

From the dimension of the learning
process, online in-depth teaching actively
promotesthestudents’ cognitive, behavioral,
and emotional engagement, especially in
cognitive engagement. High-quality online
teaching design, such as diverse resources
supply, real scenario creation, and thought-
provoking themed discussion, ignites the
students’ enthusiasm for learning, and
encourages them to proactively engage
themselves in learning. The interesting
higher-level learning activities, teachers’
inspiring guidance, and timely evaluation
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and feedback in class also activate students’
critical thinking and exploration dynamics,
further enhancing the students’ cognitive
engagement. In terms of the learning
method and the learning motivation, the
abundant learning resources, personalized
learning methods, and flexible interaction
platforms in the online learning
environment boost the students’ learning
motivation. When students’ learning
motivation is higher, they tend to engage
themselves in learning and actively adopt
high-level cognition processing methods
to complete knowledge internalization
(Biggs, 1979). In terms of interactive
behaviors, the convenience, flexibility, and
de-centralized characteristics of online
interaction constantly strengthen the
students’ willingness to participate in online
discussions, increase their communication,
and boost their cohesion. For this reason,
some researchers believe intimate peer
interaction can facilitate collaborative
building of knowledge, research and solve
difficulties, and further enhance deep
learning (Huang et al., 2019).

From the dimension of the learning
results, online deep learning can promote
the development of the students’ critical
thinking and academic performance. The
learning activities before class, in class,
and after class in the online in-depth
teaching model include such collaborative
learning activities as themed discussion,
collaborative research and discussion, and
project problem solving, while the strong
interactive function of online learning
platforms can make the collaborative
learning more convenient, freer, and more
flexible. The learning communities develop
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their critical reflection abilities in doubting,
exchanging views, discussing, dialectically
interpreting, = comprehensive  analysis,
and problem solving. It also proves that,
online communication is closely related
to the development of critical thinking
(White, 1993). Online communication is
based on text. When students share their
views with others in text, it is a process
for them to classify their logic and think
profoundly, enhancing the criticalness and
preciseness of the communication among
the learning communities and quickening
the development of the students’ critical
thinking. As to their academic performance,
after one-term online learning, more
than 75% of the students have achieved
comparatively excellent learning results,
especially in the creativity and operability
of work. It means that online teaching
can provide students with more space and
autonomy of exploration, significantly
promoting the students to give play to
their creativity, and apply their theoretical
knowledge. Related research on online
teaching also indicates that the formulation,
writing, and modification of practice projects
after class can further improve the students’
knowledge internalization and their
creativity in problem solving (Zhou et al,
2021).

6.2 | Limitations and Prospects

This paper is merely an initial exploration
into the internal mechanism of online deep
learning and the buildingandapplication of
theonlinein-depthteachingmodel. Despite
some meaningful conclusions being made
in theory and practice, limitations cannot
be neglected as well. First, limited by the
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research conditions, the pre- and post-test
single-group experimental method might
affect the internal validity of the research
tindings. Some controlled research in
favorable experimental conditions will be
done in the future to avoid the problem.
Second, as to analyze the students’ online
collaboration and interaction quality, this
paper only adopts the single social network
analysis method to comprehensively
reveal the depth of online collaboration
and interaction. In the future, advanced
mathematical statistics methods will be
taken to analyze the level and quality of
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interaction more profoundly. To this end,
the authors will conduct related follow-up
research, for instance, longer experimental
and larger samples research using the
online in-depth teaching model in other
disciplines; further research toward the
key dimensions of courses, teaching, and
evaluation will be carried out to explore
the teaching strategy system that can
continuously activate the students’ online
learning motivation, boost their activeness
and engagement in online learning, deepen
their understanding, and develop higher-
level thinking abilities.
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