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Abstract

Building and testing a framework of interactive and indirect predictors of student satisfaction
would help us understand how to improve students’ online learning experiences. The current study
proposed that external predictors such as poor technological, environmental, and pedagogical
factors would be internalized as negative psychological traits and indirectly predict student
satisfaction in online learning. Results of multivariate regressions with 5824 Chinese
undergraduate students demonstrated that instructors’ online teaching experience and
communication with students had a stronger predictive effect on student satisfaction than wireless
network quality and learning environment. Structural equation modeling analysis results showed
that inferior technological, environmental, and pedagogical factors would be internalized into
negative attitudes and emotions toward online learning and indirectly predict student satisfaction.
Third, providing after-class learning materials to students or having longer self-learning time
would not buffer students from negative external factors. Our study has implications for better
understanding the extensive influence of online learning barriers caused by external conditions and
building preventive mechanisms through the improvement of instructors’ teaching experience and
communication with students.
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To respond to the public health emergencies caused by Covid-19 in 2020, most higher
education institutes (HEIs) transferred their regular education activities online. The sudden
burden caused by extra studying time (Fang, Lu, & Chen, 2020), psychological and physical
unpreparedness (Razai et al., 2020), and social isolation (Akuratiya & Meddage, 2020) has
enlarged the challenges that already existed in online learning for students. As a result, the
Covid-19 global pandemic has created the largest-ever online learning practice worldwide, and
also brought up a unique opportunity to investigate the quality of online learning during a time of
urgent transition.

With numerous studies on online learning, several predictors of student satisfaction have
emerged across research studies (e.g., Alqurashi, 2019; Zeng, & Wang, 2021). For example,
Asoodar et al. (2016), created a framework with six dimensions to predict student satisfaction in
online learning: student, instructor, course, design, technological, and environmental dimensions.
Almusharraf and Khahro (2020) used the evaluation of instructors, facility performance, and
recommendations by students to evaluate student satisfaction with online learning. However,
most of these studies have limitations. First, some of these studies only tested the direct effect of
environmental and personal factors on student satisfaction (see, e.g., Parahoo et al., 2016). They
did not demonstrate the indirect or interactive relationships of factors that predict student
satisfaction with a theoretical framework. The investigation of the complicated mechanism of
predictors of online learning satisfaction would help us break those barriers students have to face
in online learning. Second, most previous studies are based on students from the U.S., Europe, or
the Middle East (Yunusa & Umar, 2021). Few studies on student satisfaction with online
learning focus on East Asian or Chinese college students, who usually prefer to learn directly
from teachers, which is different from student-centered learning beliefs in Western countries
(Chan, 1999; Sit, 2013). Literature in online learning regarding Western college students may not
always be applicable to Chinese students considering the varied ideologies of the ideal way of
learning. The factors or mechanisms that may determine student learning outcomes or
satisfaction could be different among Asian students.

As a result, the current study aims to develop and test an online learning framework to
examine technological, environmental, and pedagogical factors as external factors, psychological
traits as internal factors, and their mechanism for predicting student satisfaction in online
learning during Covid-19 with Chinese college students.

Theoretical Framework

The framework of online learning satisfaction of Chinese students in the current study
was inspired by Rovai’s (2003) theoretical model of online learning persistence. We adopted the
concept of environmental and psychological factors in Rovai’s (2003) persistence model and
revised them based on Chinese students’ cultural context of online learning. Researchers have
extensively studied students’ persistence and attrition in a face-to-face setting (Tinto, 1993; Bean
& Metzner, 1985) and applied those results to the online learning context (Rovai, 2003).
However, few researchers have examined student satisfaction as an online learning outcome with
a systematically tested theoretical framework, especially in the Chinese context. It may be
because persistence or attrition is usually considered an outcome of different levels of
satisfaction in Western countries (Lakhal, Khechine, & Mukamurera, 2021; Rahim, 2020;
Rovai, 2003; Park, 2007). High satisfaction is assumed to be only one of the factors that keeps
students in online classes. However, if we want a better understanding of how to build up a high-
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quality and large-scale online class, student satisfaction has to be one of the focuses (Zeng &
Wang, 2021), and should be as important as persistence or retention.

Rovai (2003) proposes in his persistent model that two sets of prior-admission factors,
including student characteristics and student skills, and another two sets of after-admission
factors, internal and external factors, altogether determined students’ persistence decisions.
Rovai (2003) defines external and internal factors from the perspective of the class context,
where external factors are factors that happened outside the classes, like family issues or
financial problems, and internal factors are factors observed within the classes, like academic
integration and technology issues. Park (2007) builds on Rovai’s (2003) model, where he defines
external factors as those that could affect inside and outside online classes. He argues that
external and internal variables should interactively work together, thus in Park’s model, external
variables would affect students’ persistence through the entire process of online learning.

Rovai’s (2003) and Park’s (2007) models for online learning persistence may not be
applicable to Chinese college students though they were tested and expanded by numerous
studies (e.g., Park, & Choi, 2009), as Chinese students have very high persistence rates and
rarely drop out of college (Marioulas, 2017). Few Chinese college students are part-time or adult
learners, making most external factors in Rovai’s (2003) and Park’s (2007) models not
applicable. They mostly do not have challenges from, for example, scheduling conflicts,
employment, or family responsibilities. Thus, the external and internal factors for student online
satisfaction should be restructured considering cultural differences and the realistic needs of
Chinese students.

The current study suggests a new theoretical framework, including student
characteristics, internal, and external factors to predict Chinese student satisfaction in online
learning based on Rovai's (2003) and Park’s (2007) models. However, we make several revisions
based on previous literature and Chinese students’ characteristics (Figure 1). The current study
defines external and internal factors from the perspective of individual students instead of the
class setting. Technological, environmental, and pedagogical factors would be external factors as
they are barriers out of students’ control. In comparison, students’ psychological traits, for
example, attitudes and emotions, and demographic information are internal factors, as they are
related to individual students within the online learning classroom. In the next four sections, we
describe these external and internal factors specifically related to this study.

External: Technological and Environmental Factors

Wireless network quality is one of the most important technological factors in efficiently
delivering course content and has the potential to greatly affect student satisfaction with online
learning (Aguilera-Hermida, 2020; Dhawan, 2020; Putri et al., 2020; Rajabalee, & Santally,
2021; Selim, 2007; Volery & Lord, 2000). Internet difficulties may occur at home when students
are not prepared to study in quarantine in an emergency (Simamora, 2020). Students from low
socioeconomic status (SES) families are the most vulnerable with limited access to high-quality
internet service, which is a necessity for learning online (Putri et al., 2020). Based on Akuratiya
and Meddage’s (2020) research with 130 students in Sri Lanka during the pandemic, 69.5% of
students relied on streaming mobile data to learn online and 46.1% had a limited internet
connection speed. An unstable internet connection would diminish the accessibility and quality
of learning online experience. In this case, the quality of the internet technology could greatly
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affect student satisfaction and make online learning quality less comparable to face-to-face
learning.

The home environment is not ideal for online learning. Studying at home, which is
supposed to be a place of relaxation and rest, students have to make extra effort to maintain a
working status (Kay, 2020). Students feel that home is a private and comfortable space in which
obligations and work should be excluded (Karim, 2021). To study productively, they have to
resist distractions from family members and issues. Nambiar (2020) surveyed 412 students in
Indian colleges and universities during the pandemic and found that 23.3% of students found it
harder to concentrate and were more distracted when studying online at home as compared to in
a face-to-face classroom. Some students reported that their home environment was not
supportive and family issues made them less involved in online classes (Nambiar, 2020).
Another study had a similar finding that college students reported the biggest challenge of online
learning was that it was hard to concentrate at home, which usually was full of noise, family
members, and housework (Aguilera-Hermida, 2020). These studies suggest that a congested and
distracting living environment can be challenging for students, which may lead to diminishing
their satisfaction with online learning (Aguilera-Hermida, 2020; Masha'al, Rababa, & Shahrour,
2020; Meishar-Tal, Weinblat, & Shapira, 2022).

External: Pedagogical Factors

Instructors’ teaching experience and their communication with students are two main
predictors of student satisfaction in online learning. Particularly during the pandemic, previous
online teaching experience would help instructors quickly adapt to online teaching and increase
their positive attitudes toward online learning (Ulmer, Watson, & Derby, 2007). Podolsky et al.
(2019) conducted a literature review of research studies within the United States and found that
the length of teaching experience is highly and positively associated with student achievement.
Another study with 132 teachers in Canada found that online teaching experience was associated
with instructors’ self-efficacy and acceptance of technology during the transition to online
learning (Dolighan & Owen, 2021). This leads to the current study assuming that previous
teaching experience would associate with better teaching practices for instructors and higher
student satisfaction.

Instructors’ interaction and communication with students are one of the most effective
teaching practices to predict student satisfaction (Gergen, 2015; Herrington & Oliver, 2000). In
Vygotsky’s (1978) zone of proximal development theory, instructors’ facilitation and interaction
would be the bridge between what students know and what they need to know and do.
Instructors’ availability and response are particularly important for keeping students engaged and
motivated (Bolliger & Martindale, 2004). Unfortunately, students are more likely to face a loss
of communication or fewer interactions with instructors due to the nature of online learning
throughout the pandemic (lves, 2021), disturbing their regular learning process. In this case,
online interaction and communication would be particularly important in facilitating a virtual
community and social context between instructors and students (Mclnnerney & Roberts, 2004).
It would promote the feeling of connectedness and belonging especially during the global
shutdown (Palloff & Pratt, 2001). Instructor-student communication should be a critical part of
pedagogical factors associated with student satisfaction in online learning.

Internal: Psychological Traits
Students’ positive psychological traits, including attitudes and emotions, play a
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supporting role in online learning quality (Alavudeen, et al., 2021; Flesia et al., 2020; Wan et al.,
2008). They may be the mechanism explaining the link between external environmental,
technological, and pedagogical factors affecting students’ satisfaction with online learning.

Attitudes Toward Online Learning

The technology acceptance model (TAM) argues that attitudes toward online learning
determine online learning quality (Al-Emran, Mezhuyev, & Kamaludin, 2018; Davis, 1989; Al-
hawari & Mouakket, 2010). Based on TAM, people’s actual use of technology would be
explained by their attitudes toward it, including perceived usefulness and perceived ease of use.
Several studies have demonstrated the importance of students’ attitudes toward online learning
satisfaction (e.g., Han & Sa, 2022; Aguilera-Hermida, 2020; Sun et al., 2008). For example, Han
and Sa, (2022) found that students’ positive perceptions of the use and usefulness of online
learning were significantly associated with their education satisfaction with 313 university
students who took online classes. Sahin and Shelley’s (2008) study with 195 undergraduate
students showed that students’ recognition of the flexibility of distance learning would predict
their perception of the usefulness of distance learning and their learning satisfaction. Both studies
suggest the significance of students’ attitudes toward online learning in explaining their
satisfaction.

Emotions Toward Online Learning

Another important psychological trait that should be involved when investigating
student satisfaction is the emotions toward online learning. Pekrun (2006; 2011) argues in his
control-value theory of achievement emotion that emotions related to learning activities or
outcomes should be called achievement emotions. These emotions include both positive and
negative traits, including, for example, joy, pride, hopelessness, anxiety, and boredom. Students’
achievement emotions in online learning have been well studied (e.g. Daniels, & Stupnisky,
2012). For instance, a study with 730 undergraduate students found that students’ emotions have
a strong effect on their preference for online learning (Tempelaar et al., 2012). Negative learning
emotions like boredom or hopelessness would prevent students from online learning. Artino
(2009) found in his study with 481 undergraduate students that boredom and frustration were
associated with lower online learning satisfaction and lower continuing motivation. During the
pandemic, adapting to new learning methods and technology, distracting environments, and lack
of communication could surely bring negative emotions to new online learners, resulting in low
satisfaction and a poor learning experience.

Support from Learning Materials

Supplemental learning materials could be a supportive scaffold in online learning. It
could motivate student-material interaction, which is associated with students’ reflection,
engagement, and elaboration in online learning based on the social constructive theory
(Anderson, 2008). Moore et al. (1989; 1992; 2011) are some of the earliest researchers who
define online interaction. They argue in their online interaction theory that there are three types
of interaction: instructor-student, student-student, and student-materials interaction. Student-
material/content interaction is one of the most important methods to improve online learning
satisfaction. Kuo et al. (2014) surveyed 221 graduate and undergraduate students online and
found that student-content interaction was the strongest predictor of student satisfaction in online
learning. Sari and Oktaviani’s (2021) study with 185 undergraduate students found that most
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students were highly motivated by online learning materials provided by instructors. Thus,

learning materials play a facilitating or scaffolding role in online learning and are associated with
student satisfaction. Through the process of interacting with learning materials, students would

be encouraged to integrate new ideas or knowledge obtained from online courses with the
content provided by learning materials and formulate new questions and thoughts. They are

expected to compensate for what students miss or misunderstand in online learning and
encourage students to explore new knowledge and ideas.

Research Questions

Considering the supporting role of learning materials and the explaining mechanism of
psychological traits between external factors and online learning satisfaction, a theoretical

framework is presented in Figure 1. The current study aims to test the proposed student
satisfaction model and explores how each factor is associated with online learning satisfaction in
different directions and levels.

Figure 1

The Proposed Student Satisfaction Model in Online Learning

Learner characteristics
— Gender

— Universities

— Parental education levels

Learning materials
— After-class reviewing

materials

External: technology and
environment
— Wireless network quality

— Learning environment

External: pedagogy
— Teaching experience
— Instructor-student

communication

|

Internal:

psychological traits
— Attitudes toward

online learning
— Emotions toward

online learning

v

Student satisfaction in
online learning

1. Are external factors, including wireless network quality, learning environment, instructors’
teaching experience, and instructor-student communication associated with student

satisfaction?

2. Does providing after-class reviewing materials moderate the association between external

factors and student satisfaction in online learning?

3. Are internal factors, including attitudes and emotions toward online learning mediate the
association between external factors and student satisfaction?
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Method

Participants

The current study had a total of 5980 students who completed course evaluation surveys of
general education courses from universities A and B in China. Both universities are known for
their well-developed general education systems. University A is located in Wuhan, one of the
biggest cities in Central China. University B is located in Beijing, which represents one of the
biggest cities in Northern China. There were 2370 (40.69%) female-identifying students and
3454 (59.31%) male-identifying students. For mothers’ education levels, 1286 (27.78%)
students’” mothers had junior high school or lower degrees; 1066 (25.57%) had high school
degrees; 574 (15.30%) had associated degrees; 855 (25.81%) had Bachelor’s degree, and 123
(5.55%) had Master’s degree or above. Most students (2046) were engineering and technology
majors (55.48%). Natural science students were 24.78%. Social science students were 15.06%
and humanities students were 4.69%.

Table 1
Demographic Information of Students from Universities A and B
University Total Percentage
A B
Gender Female 1695 675 2370 40.69%
Male 2209 1245 3454 59.31%
Junior high school or 1286 332 1618 27 78%
Mother's 'O.W‘”
education High s_chool 1066 423 1489 25.57%
levels Associated degree 574 317 891 15.30%
Bachelor’s degree 855 648 1503 25.81%
Master’s degree or above 123 200 323 5.55%
Humanities 60 213 273 4.69%
Social science 653 224 877 15.06%
Major Natural sciences 1145 298 1443 24.78%
Engineering and 2046 1185 3231 55.48%
technology
Total 3904 1920 5824 100%
Procedure

Our data were collected through the Chinese University Course Evaluation (CUCE)
project. The CUCE project aims to evaluate general education courses within seven top
universities in China. It has been conducted for six years since 2016. The current study only
adopted the data from the spring semester of 2020 from two universities, which was a remote
online-learning semester due to the lockdown during the Covid-19 pandemic. All students were
expected to take online courses at home during this semester as the quarantine policy was
announced one day before the Spring Festival during winter break. It is the biggest holiday in
China when most Chinese people would celebrate with their families at home.

The general education courses in these two universities were elective and open to all
undergraduate students. Each undergraduate student had to fulfill a certain number of general
education course credits to graduate. The number of credits depended on students’ majors and
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colleges. To achieve a higher response rate, the teaching assistants and administration office
would send out several reminder emails with the survey links to students at the end of the
semester until the response rate reached 50%. Participation was voluntary and anonymous.

Measures and Instruments

All the items in the CUCE were designed by the authors of current studies
corresponding to the specific need of teaching and learning practices collected from the
administration office, instructors, and students. As each item reflected different aspects of
teaching and learning online, variables were measured on single items.

External factors

The current study took technological, environmental, and pedagogical factors as external
factors, including wireless network quality, learning environment, online teaching experience,
and instructor-student communication. The student-reported survey items adopted respectively

99, ¢

were “wireless network condition is poor”; “my learning environment is distracting and not good
for online learning”; “the instructor is not experienced with online teaching”; “I can’t get help
and guidance when | have questions.” For these four items, students reported their answers with
a four-point scale from one (totally disagree) to four (totally agree). Higher scores indicated
inferior external conditions perceived by students while lower scores indicated good external

conditions. They were treated as continuous variables.

Internal Factors

For individual-level internal factors, we examined the level of negative emotions toward
online learning through the item “I feel consistently confused and hopeless on how to learn well
in this class,” and students’ attitudes toward online learning were tested through the item “online
learning makes me disengaged, distracted, and low-achieving.” They were continuous variables
with a four-point scale from totally agree to totally disagree. Higher scores meant more negative
attitudes toward online learning, and lower scores meant fewer negative attitudes.

Moderator
The survey item used as the moderator asked students whether their instructors provide
“after-class reviewing materials.” The answer is 0 (no, not provided) versus 1 (yes, provided).

Student satisfaction
The outcome variable was student satisfaction with learning achievement in the online
course. The answer was a five-point Likert scale from 1 = very unsatisfied to 5 = very satisfied.

Covariates

Participants’ universities (university A = 0) and gender (female = 0) were treated as
dummy variables (Table 1). Mothers’ education levels were continuous variables (Table 1). Five
majors (humanities = 0) were run as four dummy variables (Table 2). Weekly study time (almost
none = 0; less than 1 hour; 1-2 hours; 2-3 hours; 3-4 hours; more than 4 hours) were nominal and
taken as five dummy variables.
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Data Analysis Plan

The current study had four steps of data analysis. First, we conducted descriptive
statistics of student demographic information (Table 1) and external and internal variables (Table
2). Second, we ran a series of multivariate linear regression models to answer research question
one to examine the direct effect of external variables on student satisfaction. Third, a series of
multivariate regression models were run to examine research question two to assess the
moderating effect. We first tested the effect of control variables in the first model in Table 4. In
the following models, we tested the direct and interactive effect of each independent variable and
moderator in models 2 and 3. In model 4, we tested all interactors all together in one model. In
model 5, we put in the weekly study time to examine and control the effect of self-learning time
on student satisfaction. Variables for interactions were centered to reduce multicollinearity.
Fourth, two mediating effect models were tested through structural equation modeling (SEM) to
answer research question three. One was for environmental and technological factors and the
other was for pedagogical factors considering their different roles playing on student satisfaction
in our proposed online learning theoretical models (Figure 1).

Descriptive statistics and multivariate regression models were conducted with Stata

15.1, integrated statistical software for storing, managing, and visualizing data (Stata Corp, 2017).
The assumptions of multivariate regression models, including linear relationship, no
multicollinearity, independence, homoscedasticity, and multivariate normality were tested. Beta
is the standardized coefficient. The robust standard error was adopted for heteroskedasticity. The
path analysis models through SEM were used to evaluate the best-fitting model and its structural
coefficients to assess the total effect of explanatory variables on dependent variables. The model
fit was based on the acceptable thresholds of indices, for example, normed fit index (NFI),
comparative fit index (CFl), and root mean square error of approximation (RMSEA). The value
of NFI and CFI has to range from .90 to 1 to be good. The RMSEA examines the closeness of fit
with an acceptable value smaller than .08. Bootstrapping was applied to better evaluate the
indirect effect of the mediating models.

Results
Descriptive Statistics
The mean and standard deviation of internal and external variables are presented in Table
2. There were 590 students, who reported that their instructors did not provide after-class
reviewing materials while 5134 said their instructors did.

Table 2

Descriptive Statistics of Internal and External Variables
Variables Mean S.D. 95% Confidence Interval
Wireless network quality 211 0.013 2.08 2.13
Learning environment 1.88 0.012 1.85 1.90
Online teaching experience 1.54 0.010 1.52 1.56
Instructor-student 1.71 0.011 1.69 1.73

communication

Online Learning Journal — Volume 27 Issue 3 —September 2023 347



External and Internal Predictors of Student Satisfaction with Online Learning Achievement

Multivariate Regression Results
Direct Effect

Five multivariate linear regression models were conducted to examine how external
factors were associated with student satisfaction (Table 3). In the first model, controlling
variables were added. In the second model, poor wireless network quality (Beta = -.05, p <.01)
and learning environment (Beta = -.09, p <.001) were included. Both of them were significantly
and negatively associated with student satisfaction. It indicated that the worse the wireless
network quality and learning environment were, the lower student satisfaction with learning
achievement was. Next, the lack of online teaching experience (Beta =-.10, p <.001) and
instructor-student communication (Beta =-.17, p <.001) were added to the third model and
showed a significant and negative association with student satisfaction (Table 3). It meant that
instructors’ insufficient online teaching experience or communication with students would be
correlated with low student satisfaction

In the fourth model, we put in four external variables altogether. When online teaching
experience and instructor-student communication were added, wireless network quality and
learning environment became nonsignificant (Table 3; Model 4). It demonstrated that online
teaching experience (Beta =-.11, p <.001) and instructor-student communication (Beta =-.17, p
<.001) played a bigger explanatory role in predicting student satisfaction compared to
environmental or technical factors.

In the fifth model, students’ weekly study times were added as five dummy variables.
Results found that study time was significant and positively associated with student satisfaction
(Table 3). Moreover, the beta reached the largest value (Beta = .22) when study time ranged
from one to three hours per week, and gradually diminished when it became longer than three
hours. However, after adding in weekly study time, online teaching experience (Beta =-.10, p
<.001), and instructor-student communication (Beta =-.17, p <.001) were still significantly
associated with student satisfaction and their coefficients barely changed (Table 3). This implies
that studying after classes for a longer time predicts higher student satisfaction, but it would not
prevent students from the negative effect of instructors’ insufficient online teaching experience
and loss of instructor-student communication.
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Table 3
Multivariate Regression of External Variables on Student Satisfaction
Model 1 Model 2 Model 3 Model 4 Model 5
Beta S.E. Beta S.E. Beta S.E. Beta S.E. Beta S.E.

(Constant) 4.09*** 06 4.37*** .06 4.58*** 06 455*** 06 4.21*** .08
University -.06*** 02 -07*** .02 -08*** 02 -08*** 02 -07*** .02
Social science .02 .06 .01 .06 .01 .06 .01 .06 .00 .06
Natural .00 06 -.02 06 -.02 05  -.02 05 -.03 05
sciences
Engineering ), 05 .02 05 .01 05 .01 05  -.00 05
and technology
Gender 02 02 .02 02 04%% 02 4%k 02 4% (2
(female)
Mother's
education 09*** 01 07*** 01 .07*** 01 .07*** 01 .07*** .01
levels
Wireless
network -.05** .01 .01 01 .01 .01
quality
Learning -09%*% 02 02 02 .01 02
environment
Online
teaching -10*%** 02 -11*** 02 -10*** .02
experience
Instructor-
student = A7*** 02  -17%** 02 -17*** 02
communication
Weekly study
time: ke
Less than 1 16 30
hour
1-2 hour 22%** 36
2-3 hour 22%** 4]
3-4 hour A6*** 46
More than 4 11%%% 44
hours
Adjusted R? .01 .02 .07 .07 .08
Error df 5817 5815 5815 5813 5808

Note: *p<0.05; **p<0.01, ***p<0.001.
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Moderating Effect

The current study conducted four multivariate linear models to examine the effect of

providing after-class reviewing materials and its interaction with each external variable on
student satisfaction with learning achievement (Table 4). Results showed that providing after-

class reviewing materials had a significant and positive association with student satisfaction

across all three models (Table 4; Model 2: Beta = .10, p < 0.01; Model 3: Beta = .09, p < 0.01;

Model 4: Beta = .09, p < 0.01). However, contradicting our original hypotheses, providing after-

class reviewing materials did not show a significant moderating effect on the association
between each external variable and student satisfaction with learning achievement in all three

moderating models in Table 4.

Table 4

The Moderating Effect of Providing After-class Reviewing Materials on Student Satisfaction

with Learning Achievement

Model 1 Model 2 Model 3 Model 4
Beta S.E. Beta S.E. Beta S.E. Beta S.E.
(Constant) 3.73*** 08 3.80*** .08 3.82*%** 07 3.82*%** 08
University -05*** 02 -06%** .02 -07*%** .02 -07*%** .02
Social science .01 .06 .00 .06 .00 .06 .00 .06
Natural sciences -.01 .06 -.02 .05 -.03 .05 -.03 .05
Engineering and 02 05 .01 05. .00 05 .00 05
technology
Gender (female) .02 .02 .02 .02 04** .02 04** .02
:\e"\‘/);:‘ser s education 09%%* 01 O7** 01  07** 01  .07*** 01
Less than 1 hour A7 ** .06 A6*%** .06 A5%** .06 A5%** .06
1-2 hour 24%** 06 23*%** 06 21%** 06 21*** 06
2-3 hour 24%*%* 06 23*%** 06 21%** 06 21%** 06
3-4 hour A18*** 07 18*** .06 16%** .06 16%** .06
More than 4 hours A3*%** 08 J2%** 08 A1*%** 08 A1*%** 08
After-class reviewing 0% 03 09%* 03 09%* 03
materials
Wireless network -04% 01 01 01
quality
Interactionl -.00 .05 .00 .04
Learning environment -.09*** 02 .01 .02
Interaction2 -.01 .05 .00 .05
Online teaching 105X 02 -10%%% 02
experience
Interaction3 -01 .07 -.01 07
Instructor-student -16%** .02 -16%** .02
communication
Interaction4 -.02 .06 -.02 .06
Adjusted R? .03 .05 .09 .09
Error df 5812 5807 5807 5803

Note: *p<0.05; **p<0.01, ***p<0.001; Interactionl= After-class reviewing materials* Wireless Network quality;

Interaction2= After-class reviewing materials* Learning environment; Interaction3= After-class reviewing

materials* Online teaching experience; Interaction4= After-class reviewing materials™ Instructor-student

communication.
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Mediating models

The current study conducted two path analysis models to examine the mediating effect of
internal psychological traits in research question three. All estimates were standard regression
coefficients. The results of the first model found that the wireless network quality and learning
environment were associated with attitudes and emotions toward online learning, with the
attitudes and emotions toward online learning also associated with student satisfaction (Figure
2). It demonstrated that student attitudes and emotions toward online learning mediated the links
between wireless network quality, learning environment, and student satisfaction. The proposed
model showed an acceptable fit to the data (RMSEA = .08, CFI = .82, NFI = .82). The total
effect of wireless network quality and learning environment on student satisfaction was
significant (# = -.11, p < 0.01). However, the two paths of direct effect from two external factors
on student satisfaction were not significant. The indirect effect of wireless network quality (5 =
-.03, p < 0.01) and learning environment (f = -.05, p < 0.01) through attitudes toward online
learning to student satisfaction were significant and negative. The indirect effect of wireless
network quality (8 = -.02, p < 0.01) and learning environment (f = -.05, p < 0.05) through
emotions toward online learning to student satisfaction were significant and negative. Both
negative environmental external factors were indirectly associated with lower student satisfaction
through negative attitudes and emotions toward online learning.

Figure 2
The Mediating Effect of Attitudes and Emotions Toward Online Learning on the Association
Between Wireless Network Quality, Learning Environment, and Student Satisfaction
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The second path analysis model found a significant association between teaching
experience, instructor-student communication, and attitudes and emotions toward online
learning, and a significant association between attitudes and emotions toward online learning and
student satisfaction with learning achievement (Figure 3). It demonstrated a significant mediating
effect of attitudes and emotions toward online learning between online teaching experience,
instructor-student communication, and student satisfaction. The model had good model fit
(RMSEA = .06, CFI = .90, NFI = .90). The total effect was significant and negative (f =-.26, p <
0.01). The direct effect of teaching experience and instructor-student communication on student
satisfaction was not significant. The indirect effect of teaching experience (8 =-.02, p < 0.01)
and instructor-student communication (f = -.07, p < 0.01) through attitudes toward online
learning on student satisfaction was significantly negative. The indirect effect of teaching
experience (p =-.07, p <0.01) and instructor-student communication (4 = -.06, p < 0.01) through
emotions toward online learning on student satisfaction was significant and negative as well. It
demonstrated that both pedagogical external factors only had an indirect effect on student
satisfaction through attitudes and emotions toward online learning. Attitudes and emotions
toward online learning were the mechanisms explaining the association between two negative
external pedagogical factors and low student satisfaction.

Figure 3

The Mediating Effect of Attitudes and Emotions Toward Online Learning on the Association
Between Online Teaching Experience, Instructor-Student Communication, and Student
Satisfaction
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Discussion
Detecting factors and mechanisms that explain student satisfaction with online learning
has been the focus of online education research, which is also the aim of the current study. The
present study has three main findings. First, among external factors, instructors play a bigger role
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than technological or environmental factors when predicting student satisfaction. Second,
providing materials for learning after classes would not buffer the aversive effect of external
factors in online learning. Third, our proposed student satisfaction model is supported. Inferior
external factors would be internalized as negative attitudes and emotions toward online learning
and indirectly relate to student satisfaction with online learning.

The Critical Role of Instructors

Our results aligned with previous theories of Rovai (2003) and Moore et al. (1989; 1992;
2011) that pedagogical factors are very important in explaining student learning outcomes,
especially satisfaction. Based on our results, instructors could accumulate more online teaching
experience and keep frequent communication with students to help them succeed in learning
online, which is supported by previous research from Podolsky et al. (2019). These two factors
have stronger predictive power on student satisfaction than wireless network quality and learning
environment. This suggests that for HEIs, instructor training should be prioritized before
information technology infrastructure upgrading, particularly when there is an emergency with
limited resources. From another perspective, this finding is encouraging that it is easier to adjust
instruction methods compared to making fundamental innovations in technical or environmental
conditions within a short period. HEIs and instructors should play an active role in teacher
training programs to improve online teaching practices and experience to help students succeed
online.

The Challenges of Inferior Online Learning Conditions

Contrary to the researchers’ hypotheses and previous study from Sari and Oktaviani’s
(2021), having longer study time with provided supplementary learning materials would not
protect students from external challenges such as an inferior learning environment or absence of
instructor-student communication. It suggested that missing content in online classes due to
inferior external conditions may make self-learning at home less efficient after classes, especially
with extra obstacles during the pandemic. Sufficient environmental and technological support is
the precondition for a satisfactory learning experience at home alone. The results highlight the
urgent necessity to improve the technological, environmental, and pedagogical support for
students to succeed in learning online. Moreover, this may also explain why online learning has
enlarged the educational disparities between students from different social economic statuses
(SES) during the pandemic (Kuhfeld et al., 2020; Chetty et al., 2020). As students from low SES
have more environmental and technological limitations at home than students from higher SES
backgrounds, they might face additional challenges to success in learning online (Putri et al.,
2020). Therefore, to achieve large-scale online learning while maintaining education equality,
eliminating inferior environmental, technical, and pedagogy factors has to be the priority goal.

Internalization of Negative External Factors

The last finding of the current study suggests that the impact on student satisfaction
brought by both internal and external factors may be larger and deeper than expected during the
online learning experience. On top of previous literature on TAM (Davis, 1989) and control-
value theory of achievement emotion (Pekrun, 2006; 2011) that psychological traits would affect
online learning experience, we found that students would transfer external learning obstacles into
negative attitudes and emotions toward online learning. Our proposed model in Figure 1 is
supported. This is alerting as they are very stable and critical predictors of learning
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achievements, satisfaction, and retention (Al-Hawari & Mouakket, 2010) and are hard to reverse
in a short time (Lee & Stankov, 2018). The psychological intervention for students would be
time-consuming and require broad and intensive collaboration and effort of educators,
researchers, and parents. Thus, the negative psychological traits caused by inferior
environmental, technological, and pedagogical factors may not only hurt student satisfaction but
also the long-term online learning process and outcomes.

Implications and Future Research

The current study has implications for advancing online learning quality and future online
program development. First, it has a theoretical contribution to previous student satisfaction or
persistence models that predictors may not only have a direct effect but also an indirect effect
within online learning. Determinants of student learning satisfaction and outcomes may be more
complex than previous literature has suggested. Second, it has practical implications for
educational resource attribution and arrangement by investing in instructor training ahead of
technological upgrades. This is particularly helpful when HEIs have limited educational
resources and want to improve student online learning quality within a short time. It also calls
upon HEIs to enrich instructors’ online teaching experience with more availability of online
courses and enhance students’ attitudes and experience of new technologies to motivate them to
take online programs in the future. Third, due to the intensive and broad effect of poor
environmental and technological factors, the public sector should enlarge the investment in
information technology infrastructure to prevent the negative influence of external factors and
support students from all SES to have equal opportunity and access to online learning.

Furthermore, the current study has implications for demonstrating large-scale online
programs as a promising and necessary method with stable technical and environmental support,
and a well-designed interactive course structure. Particularly in China, online learning is a newly
emerging education method and industry. China has just entered the higher education
popularization stage in 2019, which meant the higher education enrollment rate exceeded 50%.
The development of online programs could speed up progress in increasing the college education
enrollment rate and maintaining regular education activities during the pandemic. There is a
strong practical need for the expansion of online programs in China. More research based on the
Chinese population for future online program development would be valuable.

Limitations

The current study has several limitations. First, it does not have data on instructors’
demographic information and their perceptions of online teaching. Having actual data from the
instructors could help us better understand the influence of instructors’ teaching practice on
online learning outcomes. Second, our data were collected from two top-tier universities. Their
results may not fully represent universities from other levels. Third, we did not have data from
major required courses, in which students and instructors may put more time and effort. Student
behavior in major-required courses could be different from what we observed in general
education courses. Fourth, our data is cross-sectional, which limits our ability to draw causal
relationships between variables.

Conclusion
To better help students across various backgrounds, future research could focus on other
common teaching methods that may prevent students from experiencing inferior learning
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conditions. For example, one approach is for better online course design with more types of
instructor-student interactive activities. Future research in online learning could employ
longitudinal studies or randomized experiments to establish causal relationships between
possible mediators and moderators. For instance, researchers could use online class data with
identical instructors and content to create treatment and control groups, and compare the
effectiveness of different teaching practices, such as instructor-student interactions or learning
materials provided. Additionally, future studies could track students who have taken online
classes and subsequently returned to campus after pandemic, and compare their learning
outcomes while controlling for other potential variables. These causal relationships would
provide valuable evidence for identifying the most influential mechanisms that contribute to
student satisfaction with online learning.
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