:\' frontiers
in Psychology

ORIGINAL RESEARCH
published: 16 March 2022
doi: 10.3389/fpsyg.2022.779217

OPEN ACCESS

Edited by:
Ariel Mariah Lindorff,
University of Oxford, United Kingdom

Reviewed by:

Araz Ramazan Ahmad,
University of Raparin, Iraq
Xun Yan,

University of lllinois at Urbana-
Champaign, United States

*Correspondence:
Hai-Long Sun
shi428@163.com

Specialty section:

This article was submitted to
Educational Psychology,

a section of the journal
Frontiers in Psychology

Received: 18 September 2021
Accepted: 14 February 2022
Published: 16 March 2022

Citation:

Sun H-L, Sun T, Sha F-Y, Gu X-Y,
Hou X-R, Zhu F-Y and Fang P-T
(2022) The Influence of Teacher—
Student Interaction on the Effects of
Online Learning: Based on a Serial
Mediating Model.

Front. Psychol. 13:779217.

doi: 10.3389/fosyg.2022.779217

Check for
updates

The Influence of Teacher-Student
Interaction on the Effects of Online
Learning: Based on a Serial
Mediating Model

Hai-Long Sun*, Ting Sun, Feng-Yi Sha, Xiao-Yu Gu, Xin-Ru Hou, Fei-Yan Zhu and
Pei-Tao Fang

School of Business, Guangdong University of Foreign Studies, Guangzhou, China

During the COVID-19 pandemic, online education has become an important approach
to learning in the information era and an important research topic in the field of educational
technology as well as that of education in general. Teacher—student interaction in online
education is an important factor affecting students’ learning performance. This study
employed a questionnaire survey to explore the influence of teacher—student interaction
on learning effects in online education as well as the mediating role of psychological
atmosphere and learning engagement. The study involved 398 college students studying
at Chinese universities as the research object. Participants filled out a self-report
questionnaire. The study found that (1) the level of teacher—student interaction positively
affected students’ learning effects (r=0.649, p<0.01). (2) The psychological atmosphere
mediated the positive effect of the level of teacher—student interaction on learning effects
with mediating effect value of 0.1248. (3) Learning engagement mediated the positive
effect of teacher—student interaction on learning effects with a mediating effect value of
0.1539. (4) The psychological atmosphere and learning engagement play a chain-mediating
role in the mechanism of teacher—student interaction affecting students’ learning effects;
that is, teacher—student interaction promotes students’ learning engagement by creating
a good psychological atmosphere, which, in turn, influences learning effects. The mediating
effect value was 0.04083. The results indicate that teacher—student interaction not only
directly affects students’ learning effects but also influences students’ learning effects
through the mediating effect of the psychological atmosphere and learning engagement.

Keywords: online education, teacher-student interaction, learning engagement, learning effect, chain-mediating
effect

INTRODUCTION

The global spread of COVID-19 has resulted in the suspension of classes for more than
850 million students worldwide, disrupting schools’ original teaching plans in these countries
and regions (Chen et al., 2020). Meanwhile, the update and development of network information
technology has accelerated the digitalization process of traditional education, promoted the
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deep integration of subject courses and information technology,
and promoted the practice and exploration of online education
(Paudel, 2021). Many countries began offering online teaching
to students via platforms, such as Zoom, Skype, and FaceTime.
Today, online education has become a common form of learning
that is affected by COVID-19. Based on the current situation
of global epidemic prevention and control, online education
is expected to be a long-standing teaching method (Moore
et al., 2010; Chen et al., 2020).

In addition, past studies have primarily focused on traditional
classroom contexts and merely extended the characteristics
and regularity findings of traditional classrooms to online
classroom studies. However, whether their findings can
be applied to higher education in general or even higher
education in online classrooms needs to be explored in depth.
For instance, Carter and Rukholm (2008) speculated that,
compared to traditional education, teacher-student interaction
in online education is an important factor influencing students’
learning effects. How, then, do teachers and students interact
effectively in online education in the era of COVID-19? How
can learning effects be improved through teacher-student
interaction? This is an important scientific and practical
problem that must be solved urgently in online education.
Based on this need, this study constructs a chain mediation
model to explore the influence of teacher-student interaction
on learning effects in online classrooms and determine what
mediating factors of teacher-student interaction impact learning
effects. Moreover, it provides a theoretical basis for relevant
research and online teaching practice and has academic research
and practical value.

THEORETICAL REVIEW AND RESEARCH
HYPOTHESIS

In teaching, teacher-student interaction behaviors, which refer
to the process of interaction between teachers and students
during classroom teaching through a variety of situations, forms,
and contents, are diverse, giving full play to the parties’ personal
characteristics (Van de Pol et al., 2010). From the perspective
of interaction theory, Zhou (2003) defined teacher-student
interaction behaviors it as a multiform, multi-content, and
multi-latitude interaction process between teachers and students
in a common situation. Accordingly, the essence of teacher—
student interaction is a system of interaction that is multiform
and multi-content. Based on the concept of teacher-student
interaction, we think that teacher-student interaction in online
education refers to the process that contributes to teaching
and learning in the context of online teaching, in which teachers
and students play their roles and use Internet tools.

The Level of Teacher-Student Interaction
Affects Students’ Learning Effect

The level of teacher-student interaction improves students’
learning effects on two levels: interactive form and
interactive content. In the form of teacher-student interaction,

Moore (1989) proposed that online learning interaction includes
three types of interactions: “learners and learning content,
“learners and teachers,” and “learners and learners” On this
basis, Li et al. (2020) further clarified that “Internet + teaching”
is the “information interaction between teachers and students
and teaching elements” in a specific environment, reflecting
the change from one-way to multi-directional interaction. They
also pointed out that the level of interaction is positive. This
level is reflected in the quality of classroom questions. Studies
have shown that the proportion of high-level questions that
can bring better learning effects to classroom questions has
increased significantly (Graesser and Olde, 2003).

At the level of teacher-student interactive content, multiple
indicators, such as knowledge acquisition, ability training,
emotional edification, and value establishment, constitute an
interactive content system. Yang (2002) noted that effective
learning activities are one of the basic conditions for learning
to occur. Through the design and implementation of effective
learning activities, an active learning process will occur, and
better learning results will be achieved. Furthermore, some
researchers have pointed out that effective teacher-student
interaction is a necessary condition for deep learning in the
context of online education (Mu and Wang, 2019); it is the
strongest factor in the online learning experience (Jiang et al.,
2019), and it is people who play a decisive role in the interaction
between teachers and students. The effect of various interactive
strategies in distance education is based on the joint efforts
of teachers and students (Liu, 2006). As a result, this research
proposes Hypothesis 1:

H1: The level of teacher-student interaction is positively
correlated with learning effects in online education.

The Mediating Role of Psychological
Atmosphere

Social interaction theory refers to the process by which
individuals take social actions toward others and each other
and engage in reactive social actions; it emphasizes interactive
behaviors that take place in specific contexts that have an
impact on the psychology and behavior of both parties
(Bandura, 1967). Furthermore, the influence of social
interaction often needs to be realized through environmental
changes (Seabi, 2012). Focusing on the teacher-student
interaction perspective, we inferred that the degree of teacher—
student interaction in online education via a good learning
atmosphere improves the level of students’ participation in
learning (i.e., the degree of learning investment), so as to
promote learning effects. According to constructivism, the
learner’s knowledge is obtained in a certain context with
the help of others, using necessary information, as well as
through the construction of meaning; the ideal psychological
atmosphere  should include context, collaboration,
conversation, and meaning construction (He, 1997). Class
atmosphere is a factor that affects individual achievement
goals. The learning environment may focus on mastery,
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effort, or performance and ability, which affects the goal
positioning of different individuals (Ames and Archer, 1988).
Successful teaching is the result of the combined effect of
variables, such as teachers, students, content, family, school,
society, region, history, and culture (Pham et al, 2012).
This research groups the selection of multiple variables into
the “psychological atmosphere” as an important mediating
variable in the influence mechanism of teacher-student
interaction. Good two-way communication between teachers
and students can shorten the psychological distance between
the two as well as among students and encourage students
to form a positive collective atmosphere (Tang and Zhong,
2013). Specific to live teaching courses, a teacher’s live
streaming investment significantly affects the online
psychological atmosphere (Yuan and Qi, 2020).

Furthermore, Zhang et al. (2020) found that a good
classroom atmosphere is conducive to improving the teaching
effect when studying classroom delivery. The classroom
atmosphere affects students’ subjective environmental
cognition, and students’ perception of the learning
environment has an important impact on their academic
performance (Yu et al., 2013). Combined with the findings
of the above research, this research suggests that a good
psychological atmosphere can enable students who are not
directly supervised and are receiving online education to
participate more actively in interaction with teachers and
insert themselves into class learning, which helps students
quickly enter a learning state in the classroom, and ultimately
achieve a high-level learning effect. Therefore, Hypothesis
2 is further proposed:

H2: The psychological atmosphere has a mediating effect
between teacher-student interaction level and learning
effects in online education.

The Mediating Role of Learning
Engagement

Wilson (2006) summarized the conceptual model of three-
dimensional learning engagement: behavior input, learning
emotional input, and learning cognitive input. In addition, Shi
(2010) suggested two important characteristics of students’
learning engagement: the effectiveness of the input and the
student’s satisfaction with their learning status and school
conditions. Effectiveness can be observed through GPA in the
short term, and teacher-student interaction affects students’
satisfaction with online classrooms. Therefore, we believe that
to achieve learning goals, teachers need to play a variety of
roles in the classroom. The dialog between teachers and students,
student feedback, and teacher evaluation are concrete
manifestations of this process (Zhang, 2015). Thus, this study
proposes Hypothesis 3:

H3: The level of engagement has a mediating effect
between teacher-student interaction level and learning
effects in online education.

Combining the previous assumptions, this study considered
that the psychological atmosphere and learning engagement
may have a chain-mediating effect between teacher-student
interaction and learning effect. In other words, teacher-student
interaction — psychological atmosphere — learning engagement
— learning effect. Research of Allen and Griffeth (2001)
shows that multiple mediators exhibit sequential effects that
form a chain of mediators, which is referred to as the chain-
mediating model. Therefore, Hypothesis 4 is proposed
as follows:

H4: Psychological atmosphere and learning engagement
have a chain-mediating effect between teacher-student
interaction and learning effects in online education.

Based on the above analysis, a hypothetical model is proposed
(see Figure 1).

MATERIALS AND METHODS

Participants

In this study, a random sample of students of different grades,
majors, places of origin, and types of schools who had
participated in online education at the undergraduate level
or above was included as participants. The investigated sample
was recruited online via Wenjuanxing,' an online platform
similar to Mechanical Turk or Qualtrics, which is used to
launch nationwide e-surveys in China and is widely employed
in behavioral and psychological studies. Participants gave
their informed consent after being provided with information
explicitly stating the research purpose as well as the nature
and procedure of the study. A total of 508 questionnaires
were returned. As the quality of online questionnaires is
difficult to guarantee, some cases chose the same response
for the entire questionnaire. Questionnaires with more than
three standard deviations were excluded. An effective total
of 398 participants was obtained (180 males, 218 females;
Table 1). When the target population increases, researchers
must gradually increase the sample size. Existing studies
suggest that when the target population reaches 5,000 or
above, the sample size can be increased to approximately
350-500, which indicates that our sample size of 398
is sufficient.

Measurement

Teacher-Student Interaction Scale

The Teacher-Student Interaction Scale was revised according
to Xu (2016) and used to measure the level of teacher-student
interaction using a 5-point Likert scale. Each item was rated
from 1 (strongly disagree) to 5 (strongly agree), with higher
scores indicating higher teacher-student interaction. The scale
includes six dimensions—interaction quantity, interaction form,
interaction distance, interaction content, interaction time, and

'http://www.wjx.com

Frontiers in Psychology | www.frontiersin.org

March 2022 | Volume 13 | Article 779217


https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles
http://www.wjx.com

Sunetal.

Impacts of Teacher-Student Interaction Levels

Learning

Academic

atmosphere

Teacher-student

engagement

Learning

interaction

FIGURE 1 | Hypothetical model of the effect of teacher-student interaction on learning effect in online education.

achievement

TABLE 1 | Demographic characteristics of the sample.

Variable Category Frequency (n) Percentage
Gender Male 180 45.2
Female 218 54.8
Course type Skill 198 49.7
Theory 200 50.3
Grade Freshman 29 7.3
Sophomore 156 39.2
Junior 205 51.5
Senior 8 2.0
University type “985” university 33 8.3
“211” university 27 6.8
Ordinary university 338 84.9

985 universities are universities at the first level on the Chinese mainland. 211
universities refer to better universities in China (100 key universities in the 21st
century: 211).

interaction motivation—with a total of six items, such as “In
online education, I can speak freely in class” Cronbach’s alpha
was 0.830.

Learning Engagement Scale

The Learning Engagement Scale was revised from the classroom
engagement scale developed by Wang et al. (2014) to measure
students’ engagement in the classroom using a five-point Likert
scale ranging from 1 (strongly disagree) to 5 (strongly agree).
This scale has three items, including “I can solve problems
using multiple solutions in online education” Cronbach’s alpha
coefficient was 0.785 in this study.

College Student Classroom Psychological
Atmosphere Scale

Learning atmosphere was measured using the Psychological
Atmosphere Scale developed by Li (2006, unplubished) to
measure the atmosphere of college classes. It uses a 5-point
Likert scale and consists of five items, each rated from 1
to 5 (1 =strongly disagree, 5=strongly agree). Higher scores
indicate a higher-quality psychological atmosphere. In this
study, we used the learning and collaboration dimensions

of scale of Li and additionally developed a psychological
atmosphere subscale with five questions, taking into account
the characteristics of online education, for example, “the
teacher is highly concerned with classmates” In this study,
Cronbach’s alpha coefficient for the Psychological Atmosphere
Scale was 0.795.

Learning Effect Scale

The learning evaluation system under the mixed education
model was developed by Zhou (2018) for multidimensional
dynamic learning evaluation using a five-point Likert scale.
This study’s learning effect scale adopted the three dimensions
of online independent learning, offline collaborative learning,
and classroom interactive learning in the “learning evaluation
system under mixed education model” and additionally
developed a subscale that combined the actual evaluation
criteria of university courses, which contains seven keywords:
concentration, duration, initiative, cooperation, satisfaction,
communication, and application. For example, “I discovered
that my interest in learning has improved significantly”
Cronbach’s a coefficient for the Learning Engagement Scale
was 0.910 in this study.

Control Variables
To control for the influence of other factors, we also measured
the participants’ gender and grade and the types of courses
as control variables.

Study Procedure

In this study, data were collected using a time-lag design to
avoid common method bias. Specifically, the data collection
in this study was divided into three time points with a 1-week
interval. Data were collected via participants’ self-reporting.
Materials were prepared in Chinese and presented in a
questionnaire form. At the first time point, we collected
independent variables (degree of interaction) and control
variables; at the second time point, we collected intermediary
variables (psychological atmosphere, learning engagement);
finally, at the third time point, we collected dependent variables
(learning effects in online education).
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RESULTS

Compared to other statistical methods (e.g., regression analysis
or structural equation modeling), the bootstrap method is
suitable for small samples and does not assume a data distribution
morphology. Therefore, for the purpose of this study, the
bootstrap method proposed by Preacher and Hayes (2004, 2008)
was used to examine mediation effects.

In this study, SPSS24.0 and AMOS software were employed
to test common method bias as well as the reliability of the
analysis results. Additionally, SPSS24.0 was used to perform
a descriptive statistical analysis of the variables, including
calculating their mean, the standard deviation, the measured
reliability coefficient, and the correlation coefficients between
the variables. Then, for the unstandardized scale means,
we performed the chain mediation effect test using the PROCESS
macro test in SPSS 24.0.

Common Method Biases

Based on the completion of the exploratory factor analysis,
this study continued the validation factor analysis using the
common method bias analysis method: all items of the four
variables of psychological atmosphere, interaction level,
engagement level, and learning effect were evaluated using
exploratory factor analysis. A common method factor was then
added, and a one-way validating factor analysis was performed
with all the scale items as those involved in the hypothesis
testing. The results showed that ARMSEA=0.011, ASRMR=
0.0147<0.05, ACFI=0.035, and ATLI=0.032<0.1. This shows
that after the common method factor is added, there is no
significant common method deviation, and the model has good
discriminative validity.

Correlation Analysis

The descriptive statistics and correlation matrix for each variable
are listed in Table 2. The results showed that psychological
atmosphere, degree of interaction, learning engagement, and learning
effect are significantly positively correlated at the 1% level, indicating
that further mediation effects can be tested. There was a positive
correlation between psychological atmosphere and degree of
interaction (r=0.606, p<0.01), learning engagement and learning
effects (r=0.640, p<0.01), and degree of interaction and learning

TABLE 2 | Correlation coefficient table of research variables.

Variables M SD 1 2 3

1. 3.366 0.658 1

Psychological

atmosphere

2. Degree of 3.349 0.641 0.606%* 1

interaction

3. Learning 3.456 0.654 0.406°%* 0.493* 1
engagement

4. Learning 3.526 0.641 0.566%* 0.649%: 0.640%*
effects

M (Mean), Arithmetic mean; SD, standard error of the mean. *¥p <0.01.

effects (r=0.649, p<0.01). Psychological atmosphere and learning
engagement (r=0.406, p<0.01), psychological atmosphere and
learning effects (r=0.566, p<0.01), and degree of interaction and
learning engagement were positively correlated (r=0.493, p<0.01).

Analysis of Control Variables

First, we discuss the factors that may influence the findings
(grade and course type). Due to the large difference in numbers,
we combined the freshman and sophomore numbers as the
lower-grade group and the junior and senior grades as the
senior group. Independent sample t-test results showed that
compared to the higher grades (3.38 +£0.65), the degree of learning
engagement in the lower grades (3.51%0.65) was significantly
higher [#(396) =1.95, p=0.05]. However, there was no significant
difference in the psychological atmosphere, degree of interaction,
or learning effects between the higher and lower grades. Similarly,
we analyzed the differences between the different types of courses.
The results showed that there was no significant difference in
the psychological atmosphere, degree of interaction, learning
effects, or learning engagement between skill courses and theory
courses. In addition, there was no significant correlation between
the type of course and the variables (psychological atmosphere,
degree of interaction, learning engagement, and learning effects).

Analysis of Chain Mediating Effect
Mediation analyses were performed using the bootstrapping
method with bias-corrected confidence estimates for the
mediating effect of teacher-student interaction and student
learning effects after controlling for gender, grade, and major
as covariate variables (Preacher and Hayes, 2004).

First, based on the results in Table 3, teacher-student
interaction has a significant impact on the learning effect
(#=0.331, t=7.53, p<0.001). After the mediating variables are
included, learning engagement has a significant positive impact
on the learning effect ($=0.390, t=10.47, p<0.01), and
psychological atmosphere not only has a significant positive
impact on the learning effect of students ($=0.201, t=4.97,
p<0.001) but also has a moderately significant impact on
learning engagement (f=0.168, t=3.10, p<0.005). The level
of teacher-student interaction not only positively affects the
psychological atmosphere of students (#=0.623, t=15.01,
p<0.001) and learning engagement (=0.402, t=7.18, p<0.001)
but also has a positive effect on learning effects. Significant
positive effects were observed ($=0.331, t=7.53, p<0.001).
Gender, grade, and major as controlled variables all had p-values
greater than 0.1 (specified *p <0.05, **p<0.01), indicating that
all three had a small effect on all four dimensions, with
negligible effects in terms of the chain-mediating effect.

DISCUSSION

This research explores the impact of teacher-student interaction
on learning effects in online education as well as the mediating
effect of psychological atmosphere and learning engagement.
The results show that teacher-student interaction not only
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TABLE 3 | Regression analysis of the mediation model.

Model 1: Learning effect

Model 2: Psychological

Model 3: Learning engagement Model 4: Learning effect

atmosphere

Variable p t p p t p t
Gender 0.001 0.01 -0.076 -1.11 —-0.065 -0.88 0.046 0.85
Grade 0.033 0.96 —-0.003 -0.09 -0.014 -0.35 0.040 1.34
Course —-0.003 -0.19 -0.021 -1.20 0.017 0.91 —-0.004 -0.30
Interactive 0.654 16.87 0.623 15.01 0.402 7.18 0.331 7.53
Atmosphere 0.168 3.10 0.201 4.97
Engagement 0.390 10.47
R? 0.423 0.371 0.266 0.59

F 72.07 57.85 28.36 92.33

B: Regression coefficient; T: The result of the t-test on the regression coefficient. The mediating effect analysis (see Table 4) shows that the Bootstrap 95% confidence interval of the
mediating effect of psychological atmosphere and learning engagement does not contain O, indicating that psychological atmosphere and learning engagement are due to teacher—
student interaction affecting student learning. Regarding the mediating variable of effect, the total mediating effect value was 0.319. Specifically, the mediating effect of teacher—
student interaction on student learning is primarily achieved through the following three paths: (1) indirect effect 1 (0.1248): teacher-student interaction level — psychological
atmosphere — student learning effect; (2) indirect effect 2 (0.1539): teacher-student interaction level — learning engagement level — learning effect; and (3) indirect effect 3 (0.0403):
teacher—student interaction — psychological atmosphere — learning engagement level — learning effect. Indirect effect 1, indirect effect 2, and indirect effect 3 accounted for 19.20,
23.68, and 6.20% of the total effect, respectively. Indirect effect 2 was more significant than indirect effect 1, and indirect effect 1 was more significant than indirect effect 3, while

other differences did not reach a significant level.

positively influences learning effects but also has a positive
impact on learning effects through the mediating effect of
psychological atmosphere and learning engagement. In addition,
psychological atmosphere and learning engagement have a
chain-mediating effect on the influence mechanism of teacher—
student interaction that affects learning effects for students.
That is, teacher-student interaction promotes students’ learning
engagement by creating a positive psychological atmosphere,
which, in turn, affects the learning effects experienced by
students. Therefore, this study concludes that the level of
teacher-student interaction not only directly affects learning
effects but also influences them through the mediating effect
of psychological atmosphere and learning engagement and the
chain-mediating effect of psychological atmosphere-learning
engagement. Three research implications are drawn as follows:
enhancing the level of teacher-student interaction can improve
learning effects, enhancing online classroom atmosphere and
learning engagement can strengthen student learning effects,
and building a new type of teacher-student relationship can
better promote student learning effects.

The Level of Teacher-Student Interaction
Affects the Learning Effects of Students
Engaged in Online Education

Debourgh (2003) believed that teacher-student interaction
is an important factor affecting the learning effects of students
in online education. Lin et al. (2017) found that the interaction
between learners and teachers has a significant positive
impact on online learners’ learning satisfaction as well as
on learning effects. The analysis in this research shows that
the level of teacher-student interaction has a positive impact
on learning engagement and psychological atmosphere.
Therefore, this further demonstrates that the level of teacher-
student interaction will affect the learning effects of students
in online education from another perspective, which is
consistent with existing research. However, the previous

analysis shows that the level of teacher-student interaction
has different degrees of influence on different mediators, in
which teacher-student interaction has a greater impact on
the academic atmosphere and students’ learning engagement
as a whole, followed by learning effects. Teacher-student
interaction has a significant positive effect on the above
three mediators. Existing research shows that interaction in
online learning is closely related to learners’ learning
experience, learning engagement, learning satisfaction, and
learning effects. For example, Zhang et al. (2017) found
that in online learning, the multi-level interaction between
students, teachers, and among students is beneficial for
improving students’ learning effects. Therefore, how to improve
the interaction level between teachers and students in online
education to facilitate its impact on students’ learning effects
should receive attention in the field of online education.

The Chain Mediating Effect of Learning
Engagement and Psychological
Atmosphere

This research further reveals how teacher-student interaction
level affects the learning effects of students through the
mediators by dividing different dimensions of the mediators
of the teacher-student interaction influence mechanism.
Although they all have an impact, different mediators have
different degrees of influence on students’ learning effects.
Among them, the level of learning engagement as a mediator
has the greatest impact on the learning effects of students,
followed by psychological atmosphere. Tang (2018) also began
by building teacher-student relationships to enhance students’
perceptions of good teacher-student relationships, improve
the perceived school atmosphere, and promote students’
learning engagement. Our results of study not only expand
the previous theoretical research of the teacher-student
interaction level-student learning effect and demonstrate the
positive influence of the mediators of students’ psychological
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TABLE 4 | Bootstrap results for the mediation effect.

Mediating path Indirect effect Boot standard error

95% confidence interval

Relative mediation Total mediation

effect effect

Lower limit Upper limit
Total indirect effect 0.319 0.0464 0.2311 0.4134 100.00% 49.08%
Indirect effect 1 0.1248 0.0343 0.0622 0.1949 39.12% 19.20%
Indirect effect 2 0.1539 0.0382 0.083 0.2347 48.24% 23.68%
Indirect effect 3 0.0403 0.0186 0.0064 0.0795 12.63% 6.20%

The above results further support that the psychological atmosphere plays a mediating role between teacher-student interaction level and the effects of online learning, and learning
engagement plays a mediating role between teacher—student interaction level and the effects of online learning for students. The level of teacher—student interaction and the effect of

students’ online learning play a chain-mediating role (see Figure 2).

Learning 0.17%* - Academic
L
atmosphere engagement
0.40%* 0.20
Teacher-student Learning
interaction 0.33% achievement
FIGURE 2 | The chain mediation model of the influence of teacher—student interaction level on student learning effects in online education *#p<0.01.

atmosphere and learning engagement level but also supplement
and perfect the existing research on the influence mechanism
of the existing teacher-student interaction level on the students’
learning effects. This is of great significance for improving
students’ learning performance in online education by designing
teacher-student interaction in the future.

Practical Implications

Enhancing teacher-student interaction level can improve students’
learning effects. Teacher-student interaction plays a positive
role in mobilizing the classroom atmosphere, guiding students
to form correct learning attitudes, and improving learning
effects (Van de Pol et al,, 2010). In higher education, teacher—
student interaction enhanced. For example, teachers should
add more interactive sessions and release classroom learning
evaluation results in a timely manner to improve the synchronous
interaction between teachers and students, which can help
students reflect on their performance in class discussion, improve
their learning attitude and methods, and enhance their
learning performance.

Research has found that improving the psychological
atmosphere and increasing the level of student engagement in
online education can help enhance the learning effects of online
education. Based on this mechanism, in the online education
learning process, the design of teacher-student interaction
achieves the purpose of improving students’ learning performance
and maximizing students’ learning effects by improving the
psychological atmosphere, thereby increasing students” learning
enthusiasm and learning engagement.

In addition, it has been found that spiritual communication
and the exchange of ideas between teachers and students are
needed to foster harmonious development for both parties so
as to achieve better teaching results (Pennings et al., 2018).
Teacher-student interaction is also a reflection of the relationship
between teachers and students. Teachers and students must
communicate emotionally to form spiritual interactions and
build a new type of interactive teacher-student relationship.
By adopting cooperative teaching, teachers and students can
establish a sharing mechanism to better promote the improvement
of students’ learning effects.

Research Limitations and Prospects

This research provides a theoretical contribution and practical
value in regard to research on the influence mechanism of
teacher-student interaction level on students’ online learning
effect. However, has several limitations.

First, in terms of questionnaire design, due to the lack of
control questions in the questionnaire, there is no question
specifically used to identify whether the respondent answered
the questionnaire seriously and truthfully. Therefore, there may
be invalid questionnaires and data deviations. In the analysis
portion of the questionnaire, there may be objective factors
that have not been accounted for, which must be addressed
in the future. In terms of research methods, the questionnaire
survey method is a sample survey; thus, there may be individual
differences in reality.

Second, although this study examines the effects of two
types of intermediary variables, learning atmosphere and
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learning engagement, on the level of teacher-student
interaction and student learning effects, the relationship
between the two may also be affected by other factors.
Therefore, future research should explore the boundary
conditions that impact the effect of teacher-student interaction
on students’ learning effects.

Third, there may be other factors that influence the results.
Although factors, such as gender, grade, and type of course,
were measured and treated as control variables in our study,
the potential influences of other factors, such as the learner’s
initial level of competence in the subject studied, cannot be ruled
out. Future research should conduct separate analyses for
different disciplines.

Fourth, the variety of university courses is rich, and course
teaching is often not cohesive. For example, the students involved
in this research were taking online education courses, and
they will not be studied again before or after the semester of
the study period. Therefore, considering the number of research
samples and the rich variety of courses, we chose individual
self-evaluations to measure learning effects. We believe that
third-party evaluation is also a useful indicator for providing
more objective data. Therefore, the matching samples can
be adopted in future studies, in which teachers can evaluate
learning effects or the interaction degree of their students to
increase the objectivity and accuracy of the results.

Regarding future research, as people have continually paid
attention to interaction, and interactive media with strong
interaction capabilities prompts people to seek solutions to
problems from a technical level, deep and effective interaction
cannot be guaranteed.

With the continuous development of online education,
teaching, and learning conditions will continue to change.
Therefore, we should identify and pay close attention to
these changing conditions over time and further restrict the
research scope based on the new conditions. Moreover, future
research should divide teacher-student interaction into different
dimensions, focus more on the construction of teachers
dialog ability in online education, avoid technicism, focus
on inducing deeper learning for higher-level progress, and
deeply explore the level of teacher-student interaction in a
universal interaction framework. Finally, the specific influencing
factors of students’ online learning effects should be examined,
ineffective or inefficient teacher-student interactions should
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APPENDIX

AN U1 v W~

U W N =

N

. Teacher-student Interaction Scale

. I can speak freely in class in online education.

. Teacher-student interaction is getting longer in online education.

. In online education, I prefer to interact with the teacher synchronously.

. In online education, I will take the initiative to raise my hand to answer when I have an idea.
. My classmate has become more interested in online education.

. In online education, students in our class actively participate in classroom interaction.

2. Learning Engagement Scale

. In online education, I can complete basic exercises and do extended exercises.
. In online education, I can solve many problems with divergent and comprehensive thinking abilities.
. In online education, I can solve problems through multiple solutions.

3. College Student Classroom Psychological Atmosphere Scale

. In online education, many students are participating in the interaction in class.

I have participated in many teacher-student interaction courses in online education.

. Teachers in online education provide many opportunities for interaction.

The forms of teacher—student interaction in online education have become diverse.

. The timeliness of teacher-student interaction in online education has been improved.

4. Learning Effect Scale

. Good teacher-student interaction in online education can improve my interest in learning.

. Good teacher-student interaction in online education keeps me from getting distracted in class.

. Good teacher-student interaction in online education can improve my learning hours after class.

. In online education, I can listen carefully in class, do homework seriously, and actively participate in discussions.

. I am good at cooperating with others in online education, not only having an opinion, but also listening to others’ opinions

with an open mind.

. Good teacher-student interaction in online education can improve my satisfaction with the course.
. Good teacher-student interaction in online education can improve my professional communication skills.
. Good teacher-student interaction in online education enables me to better use the knowledge of the major.
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