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Abstract
COVID-19 has caused the overnight migration of learning and teaching to online platforms 
and has significantly impacted students’ learning opportunities and experiences worldwide. 
The results of emergency online learning have heavily relied on students’ abilities to exer-
cise agency in maintaining active motivation and engagement with online learning. Despite 
the wide application of motivation theories to diverse contexts, how to adapt motivation 
theories to develop online learning effectively and sustainably in complex and situational 
online learning environments is still under-investigated. Using a large sample of 14,935 
postgraduate students from 31 universities in China, this study examined the effects of 
student motivation and engagement on students’ academic achievement in the COVID-
induced online learning anchored by the theoretical perspective of self-determination 
theory. This study made contribution to the self-determination theory by extending it to 
the complex emergency situation and supported its main argument that online emergency 
learning environments satisfying students’ psychological needs of autonomy and compe-
tence promote optimal motivation, positive engagement and academic achievement. This 
study also contributed to reveal the ‘sophisticated’ nature of relatedness satisfaction in the 
case wherein its specific effects depend on the cultural configuration of the contexts and on 
the specific types of engagement. Given the fact that COVID-19 continues to be a public 
challenge throughout the world, implications for improving the quality of online teaching 
in the future were also discussed.
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Introduction

With the outbreak of COVID-19, educational systems have experienced an unprecedented 
disruption that has affected approximately 1.6 billion students worldwide (United Nations, 
2020). At the higher education level, COVID-19 has caused the global lockdown of uni-
versity campuses; as a result, university teachers have been thrust headlong into provid-
ing online courses and college students have been forced to learn online so that they can 
continue their education (Besser et  al., 2020; Watermeyer et  al., 2020). Although such 
an online migration has been regarded as a panacea for the COVID-19 shock to higher 
education, burgeoning evidence has reported the unprecedented challenges and obstacles 
experienced by universities, and university teachers and students (Dhawan, 2020; Water-
meyer et al., 2020; Wu & Li, 2020; Zapata-Cuervo et al., 2021). Watermeyer et al.’s (2020) 
investigation of 1148 UK academics revealed that the abrupt transition to online provision 
caused significant uncontrollability, dysfunctionality and disturbance to their pedagogical 
roles. Wu and Li’s (2020) survey, using a large sample covering 334 universities, 13,997 
university teachers and 256,504 university students in China, reported that both teachers 
and students made little preparation for this exceedingly atypical circumstance. Zapata-
Cuervo et al. (2021) summarised that mandatory online learning due to COVID-19 may 
generate concerns related to students’ dissatisfaction, amotivation, disengagement and 
lower performance, all of which will severely affect the quality of online education.

Students’ motivation and engagement for online learning during the pandemic need 
urgent investigation for both practical and theoretical reasons. First, empirical evidence 
suggests that effectively motivating and engaging students in the online classroom is criti-
cal to the quality and effectiveness of online education (Chen & Jang, 2010; Ferrer et al., 
2020). However, the emergency online migration has given rise to unparalleled challenges 
concerning student learning experiences and outcomes, which might result in student learn-
ers’ decreased motivation, lower satisfaction and poorer performance (Besser et al., 2020; 
Wu & Li, 2020; Zapata-Cuervo et al., 2021). Thus, it is necessary to explore how certain 
contextual factors during this situation promote or thwart students’ motivation, and that 
this will in turn yield important effects on students’ engagement and academic achievement 
when taking the mandatory online learning. Second, self-determination theory (SDT, here-
after) is one of the most comprehensive and empirically-supported theoretical frameworks 
for examining learner motivation in multiple contexts (Deci & Ryan, 2000). SDT consists 
of five interrelated mini-theories, including basic needs theory, organismic integration 
theory, goal contents theory, cognitive evaluation theory and causality orientation theory 
(Reeve, 2012). Motivation is examined from the perspective of basic needs theory within 
the framework of SDT in this study. According to SDT, motivation arises from multiple 
sources, including needs, cognition, emotions and environmental events (Reeve, 2012). 
Basic needs theory assumes that the concept of basic psychological needs specified the 
content and process of motivation (Deci & Ryan, 2000, 2008). Specifically, the overarching 
proposition of basic needs theory argues that motivation will be facilitated by environmen-
tal conditions that satisfy learners’ psychological needs, whereas motivation will be under-
mined when conditions tend to thwart or neglect satisfaction of these innate psychological 
needs (Deci & Ryan, 2000; Vansteenkiste et  al., 2020). For theoretical consideration, it 
warrants a thorough investigation of basic needs theory of SDT in an atypical emergency 
online migration environment, which helps extend the theory’s tenability and applicability.

At present, the COVID-19 pandemic continues to be a public health threat for man-
kind, with no immediate end in sight (Adedoyin & Soykan, 2020). Thus, it has become a 
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pressing issue for educators, researchers and administrators to reflect on this emergency 
online migration and find ways to improve the quality of online teaching in the future. In 
addition, numerous factors have contributed to rising concerns that such an emergency sit-
uation could exacerbate differences in academic achievement between students from differ-
ent ends of the socio-economic spectrum (Bacher-Hicks et al., 2021; Hodges et al., 2020). 
As the digital divide and educational equality become critical issues of online learning and 
a particular concern for online educators during the pandemic, it is also of pertinent impor-
tance to examine the group differences of online academic achievement across first-genera-
tion and non-first-generation  students.

Although online learning received unprecedented attention during the COVID-19 out-
break, to the best of our knowledge, this study represents the first attempt to examine the 
effects of student motivation and engagement on students’ academic achievement using the 
theoretical perspective of SDT. Given these empirical, practical and theoretical concerns, 
the current study focused on the following research goals. First, this study attempted to 
explore the extent to which emergency online migration has affected the satisfaction of 
Chinese postgraduate students’ psychological needs as they tried to learn-as-usual during 
the pandemic period. Second, this study explored how students’ perceptions of psycho-
logical needs satisfaction influence their learning engagement and academic achievement. 
Third, this study examined how this effect varied between first-generation and non-first-
generation  students.

Literature review

Self‑determination theory and student engagement

Motivation lies at the core of human behaviours and concerns energy, direction and per-
sistence of behaviours (Deci & Ryan, 2000). Specifically, the concept of motivation is 
used to describe those processes that can ‘(a) arouse and instigate behaviours; (b) give 
direction and purpose to behaviours; (c) continue to allow behaviours to persist; and (d) 
lead to choosing or preferring a particular behaviour’ (Wlodkowski, 1984, p. 12). Moti-
vation is highly valued because of its consequences that motivation produces and count-
less motivation theories have been proposed to explain pertinent motivational behav-
iours, centering on its antecedents, consequences and processes (Cook & Artino, 2016; 
Deci & Ryan, 2008). Among diverse motivation theories, expectancy-value theory, attri-
bution theory, social cognitive theory, goal orientation theory and self-determination 
theory have been summarised as the broadly recognized contemporary motivation theo-
ries (Cook & Artino, 2016). Each of them casts light on different aspects of motivation, 
contributing a unique perspective on motivation involving a host of personal, social and 
contextual variables (Cook & Artino, 2016; Reeve, 2012). Unlike other motivation theo-
ries, self-determination theory uses the concept of innate psychological needs to dif-
ferentiate the content of goals and the regulatory processes through which  outcomes 
are pursued (Deci & Ryan, 2000; Vansteenkiste et al., 2020). Basic needs theory of SDT 
identifies three innate psychological needs, namely, autonomy, competence and related-
ness (Deci & Ryan, 2000, 2008; Vansteenkiste et  al., 2020). Specifically, ‘autonomy’  
refers to a sense of self-endorsement and volition, which means that individuals can 
freely initiate, maintain and regulate  activities (Deci & Ryan, 2000, 2008). Meanwhile, 
‘competence’ captures an individual’s desire to have a sense of efficacy and capability 
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in  activities and a feeling that he/she can  complete challenging tasks and achieve sat-
isfactory results (Deci & Ryan, 2000, 2008). ‘Relatedness’ refers to the psychological 
need for individuals to feel a sense of belongingness, connection and closeness with 
others during daily interactions (Deci & Ryan, 2000, 2008). Following Reeve’s (2012) 
suggestion, motivation is equated with psychological needs satisfaction within the per-
spective of basic needs theory of SDT.

‘Engagement’ refers to ‘the behavioural intensity and emotional quality of a person’s 
active involvement during a task’ (Reeve et al., 2004, p. 147). Student engagement can be 
regarded as a multidimensional and highly interrelated construct of behavioural, cognitive 
and emotional aspects of active involvement in various learning activities (Fredricks et al., 
2004). Behavioural engagement mainly concerns the concentration, attention and effort 
exerted by students as they participate in learning activities (Fredricks et al., 2004; Kahu, 
2013). Emotional engagement represents  emotional responses of students towards  teach-
ers, peers and learning activities, and the presence of emotions that facilitates the comple-
tion of tasks (i.e., interest, enjoyment and value) or hinder their completion (i.e., distress, 
anxiety and pressure) (Fredricks et al., 2004; Kahu, 2013). Cognitive engagement mainly 
involves the extent of students’ mental investment in learning activities and intellectual 
efforts devoted to gaining mastery of learning contents through meta-cognitive strategies, 
such as goal setting, self-regulation and self-monitoring (Fredricks et  al., 2004; Kahu, 
2013). Accordingly, student engagement in online learning represents the behavioural 
efforts exerted by students in online learning and their psychological state of being emo-
tionally and cognitively active as they strive to complete their courses. As mentioned by 
Pellas (2014), researchers’ increased interest in examining how students’ emotional, cog-
nitive and behavioural engagement in online environments influences their learning out-
comes constitutes a breakthrough in education research in recent years.

Basic needs theory contributes to the examination of student engagement in online 
learning activities in three important ways (Deci & Ryan, 2000, 2008; Hew, 2016; Reeve 
et al., 2004). First, this theory identifies the origins of students’ active engagement in learn-
ing activities in some cases and their passive or even antagonistic engagement in other 
cases. All of these can be attributed to either the satisfaction or the thwarting of their psy-
chological needs in the learning environments. Second, this theory articulates the interplay 
between specific psychological needs and different manifestations of student engagement. 
Specifically, autonomy need satisfaction has been argued to provide a motivational basis 
for students’ behavioural, emotional and cognitive engagement. This is based on the rea-
sonable assumption that the feeling of psychological freedom can drive students’ time and 
effort spent in learning activities in which they voluntarily participated as well as evoke 
their positive attitudes and feelings towards learning activities whilst stimulating their men-
tal investment at the same time. Competence need satisfaction is considered as a critical 
motivating factor for students’ engagement in learning activities behaviourally, emotionally 
and cognitively. This is because having a sense of mastery and competence in accomplish-
ing learning activities will encourage learners’ further behavioural and cognitive participa-
tion in  learning activities as well as foster their positive feelings. Meanwhile, relatedness 
need satisfaction can also heighten students’ levels of behavioural, cognitive and emotional 
engagement. This is because learners’ frequent interactions with instructors and peers will 
facilitate their behavioural and cognitive investment in learning activities, which in turn, 
can lead to more positive emotions about learning activities. Third, this theory provides 
the basis for predicting a priori which aspects of the online learning environment will pro-
mote or undermine students’ engagement in  online activities. This means that intervention 
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strategies can be taken in advance to focus on conditions that might affect students’ satis-
faction of autonomy, competence and relatedness in the online learning.

Online migration and student online learning in the COVID‑19 era

Due to advancements in the Internet, technologies, learning platforms and tools in recent 
years, we have witnessed the rapid development of online education with its advantages 
of flexibility, availability, openness and low cost (de Barba et al., 2016; Sun et al., 2019). 
Notwithstanding the difficulty of a common definition, most researchers define ‘online 
learning’ as access to learning experiences via the use of technology (Moore et al., 2011). 
Accordingly, online learning is characterised by the utilisation of advanced technologies 
and new paradigms of pedagogical methods (Moore et  al., 2011). Specifically, online 
learning differs considerably from traditional classroom learning in several ways: students 
interact with teachers, peers and contents online with the use of technologies whilst being 
physically separated and geographically isolated; students self-regulate and self-manage 
their learning process and learning activities in a self-paced environment, providing them 
with more autonomy to proceed at their own pace; and students can rely on rich sources of 
easily accessible contents found on the Internet and use a wide range of technology-based 
tools (Butz & Stupnisky, 2016; de Barba et al., 2016). Researchers have argued that it is 
more essential for learners in online learning environments to demonstrate higher levels 
of self-regulation, self-motivation and self-management compared to traditional on-site 
courses (Moore & Wang, 2020; Wang et al., 2019). In addition, contextual support from 
instructors and peers in online courses is critical for online learners (Hsu et al., 2019).

The COVID-19 pandemic has caused an unprecedented and devastating public health 
crisis with global impacts. The term ‘emergency remote teaching’ has been used to 
describe the circumstances under which educational institutions and educators made hur-
ried moves to teaching online with bare minimum resources and scant time facing with 
the COVID-19 shock (Hodges et al., 2020). Given that the main objective during this situ-
ation is to provide temporary access to learning and instruction in ways that can quickly 
and reliably support individuals as they respond to an emergency crisis, rather than to re-
establish a robust educational system, researchers pointed out that most cases of emergency 
remote teaching failed to conduct careful instructional design and planning (e.g., modal-
ity, pacing, pedagogy, interaction, assessments and feedback) to maximise online educa-
tion’s affordances and possibilities (Besser et al., 2020; Hodges et al., 2020). Online teach-
ing is absolutely more than ‘just getting it online’, and ideally, instructors are supposed 
to adjust online courses based on  characteristics of online learners and online learning 
environments.

Moreover, the expedient online migration during the COVID-19 pandemic has made 
student learning exceptionally demanding and stressful. Zapata-Cuervo et al.’s (2021) study 
showed that students experienced a sense of isolation, loneliness, anxiety and stress when 
the daily routines of on-site learning and daily lives have been completely disrupted. Ade-
doyin and Soykan (2020) reported that the sudden onset of online learning that emerged 
during the pandemic is comparatively considered undesirable for many students. In particu-
lar, students have been burdened with more difficulties and challenges with online learning 
when the places sheltering them are less optimal, more likely to confine them in physical 
and psychological aspects, or hinder their learning and performance. Evidence shows that 
there exist significant differences in individuals’ levels of adaptability and abilities to sur-
vive or thrive when faced with abrupt online migration situation (Besser et al., 2020). In 
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their study of 1217 Israeli college students, Besser et al. (2020) found that college students 
experienced significantly higher levels of stress and isolation and significantly lower lev-
els of relatedness, concentration, motivation and performance when attending emergency 
COVID-induced online learning. Their study provided a descriptive analysis but failed to 
examine the interplay amongst relatedness, motivation and performance.

Effects of psychological need satisfaction on student engagement and academic 
achievement

Although motivation plays a crucial role in highly self-regulated learning environments, 
research concerning motivation in online learning is still at an early stage (Schumacher 
& Ifenthaler, 2018). Despite the noticeable research gap, an emerging line of studies has 
contributed to this body of knowledge by addressing the relationships amongst student 
learning motivation, engagement and academic achievement in the online environment. In 
one of the earliest studies, Chen and Jang (2010) reported that student motivation failed 
to predict any learning outcomes, including engagement and achievement, in the online 
context. In comparison, Hsu et al. (2019) re-examined Chen and Jang’s (2010) model and 
found a significant relation between self-determined motivation and course grade using 
a sample of 330 undergraduate students attending seven online courses. Similarly, Butz 
and Stupnisky (2016) investigated 118 students undergoing synchronous hybrid learning 
and reported significantly large and positive correlations between perceived success and 
the needs satisfaction of autonomy, competence and relatedness. Wang et al. (2019) com-
pared online and face-to-face classes and found that satisfaction of autonomy, relatedness  
and competence  had positive effects on undergraduate students’ grades. Emerging stud-
ies have reported the different effects of different kinds of needs satisfaction on academic 
achievement. For example, Deci and Ryan (2008) concluded that autonomy and compe-
tence have a much larger effect on student engagement and academic achievement than 
relatedness. In contrast, some researchers have argued that autonomy is not applicable 
to the Asian context in which societal culture is predominantly collectivist (e.g., Markus 
et al., 1996).

The relationships between student motivation and academic achievement have 
been documented in the literature, and studies have begun to examine the mecha-
nisms and processes through which the impacts of motivation occur. With reference 
to the SDT framework, the current study aimed to explore the specific mediating 
role of student engagement in enabling motivation to influence students’ academic 
achievement. SDT articulates an explicit and direct relationship between motivation 
and engagement, focusing on rich sources of motivation that lead to and/or facilitate 
engagement (Deci & Ryan, 2000; Reeve, 2012). Furthermore, student engagement 
is considered a prerequisite for online learning, during which  students themselves, 
along with their teachers and peers, are geographically isolated from one another 
(Hew, 2016). In addition, previous studies on both on-site and online learning con-
texts have indicated the short- and long-term impacts of engagement on students 
(e.g. Pellas, 2014; Raes et  al., 2020; Reeve, 2012). Student engagement has been 
found to predict grades and conducts in schools in the short term (e.g. Ferrer et al., 
2020; Raes et  al., 2020), whilst it has been linked to individual academic achieve-
ment, self-esteem and socially appropriate behaviours in the long term (e.g. Raes 
et  al., 2020; Sun et  al., 2019). In the context of emergency situation, it becomes 
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a pressing challenge for students to engage in online learning (Besser et  al., 2020; 
Watermeyer et al., 2020).

Given the need to a quick transition to online learning, existing literature has focused 
on students’ adaptability to such an online migration (Besser et al., 2020);  challenges and 
opportunities faced by students during crisis-response online migration (Adedoyin & Soy-
kan, 2020); the analysis of online learning’s strengths, weaknesses, opportunities and chal-
lenges in the time of crisis (Dhawan, 2020); and students’ perceptions of emergency online 
learning experiences (Wu & Li, 2020). Despite these observations, the literature has not yet 
probed into the core elements that influence students’ learning experiences and outcomes. 
Specifically, researchers have not yet examined the relationships amongst student motiva-
tion, engagement and academic achievement in the context of emergency online migration. 
Understanding the nuanced dynamics of student motivation and engagement is the basis 
for designing effective educational interventions and quality online education. Therefore, 
there is an urgent need to examine how the emergency online environment can support 
or frustrate students’ psychological needs for autonomy, competence and relatedness, and 
how the satisfaction of psychological needs facilitates students’ behavioural, cognitive and 
emotional engagement in the learning process and activities, and all of which finally serve 
to predict students’ academic achievement.

In addition, researchers have highlighted the pre-COVID academic inequality result-
ing from a digital divide across students from diverse socio-economic backgrounds (e.g. 
Bacher-Hicks et al., 2021; Hodges et al., 2020; Wu & Li, 2020). For instance, prior studies 
(e.g. Williams & Hellman, 2004) found that first-generation college students may lack suf-
ficient motivation, engagement and self-regulation skills needed to perform successfully 
in online learning. Currently, some scholars have argued that numerous factors including 
students’ access to and proficiency in the use of digital technologies, students’ skills and 
experiences to learn within a self-regulated, self-managed and self-paced online environ-
ment, and teachers’ preparedness, capabilities and pedagogical practices in online teach-
ing, will exacerbate academic inequality in the COVID-induced emergency online learning 
(e.g. Bacher-Hicks et al., 2021; Hodges et al., 2020; Wu & Li, 2020). Since the academic 
inequality may widen by the emergency case, empirical evidence is urgently needed to 
investigate this enduring alarming issue surrounding online learning.

Thus, to address this research gap, we proposed the following hypotheses based on the 
above-mentioned research questions and the literature review.

H1: Each of these three dimensions of students’ perceptions of psychological needs 
satisfaction is positively correlated with their academic achievement in the emergency 
online learning.
H2: Each of these three dimensions of student engagement is positively correlated with 
their academic achievement in the emergency online learning.
H3: Each of these three dimensions of students’ perceptions of psychological needs sat-
isfaction is positively correlated with each of these three dimensions of their engage-
ment in the emergency online learning, respectively.
H4: Each of these three dimensions of student engagement mediates the effects of stu-
dents’ perceptions of psychological needs satisfaction on their academic achievement in 
the emergency online learning, respectively.
H5: The relationships between psychological needs satisfaction and academic achieve-
ment vary across the first-generation and non-first-generation college students in the 
emergency online learning.
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Research method

Data and samples

As the first country unexpectedly hit by the COVID-19 outbreak, China took the lead 
in transforming on-site education into online education on a national scale. To prevent 
COVID-19 from spreading through educational institutions and to ensure the health and 
safety of teachers and students, as early as January 29, 2020, the Chinese Ministry of Edu-
cation issued a notice requiring schools and universities to postpone the start of the spring 
semester of 2020. According to the statistics of the Ministry of Education, 1454 universi-
ties in China provided 12.26 million online courses for 2.3 billion college students during 
the pandemic period, creating a new peak of online teaching in history (The Ministry of 
Education, 2020). Metropolis cities, such as Beijing and Shanghai, took the lead in actively 
responding to the national call of ‘suspending classes but continuing teaching and learn-
ing’ during the pandemic. They urged schools and universities to fully convert to online 
teaching. The current study was part of a large survey on the Online Teaching & Learning 
of Postgraduate Students conducted by the Shanghai Municipal Education Commission via 
an online questionnaire. Out of 39 public universities in Shanghai, 31 agreed to voluntar-
ily participate in this survey at the end of the semester (June, 2020) when students were 
invited to make a comprehensive assessment of their emergency online learning experi-
ences. We collected 19,744 responses with a response rate of 7.5%, and 14,935 were finally 
identified as valid. A good representativeness resulted from the prominent role of educa-
tional institutions in Shanghai, as well as the large-scale sampling conducted for this study. 
The basic information of the sample is shown in Table 1.

Measures

This study consisted of three scales that measured the participants’ perceptions of needs sat-
isfaction, engagement and academic achievement, respectively, during the emergency online 
learning. All scales were repeatedly tested in prior studies and were found to have accept-
able reliability and validity. We also collected demographic information concerning the par-
ticipants (i.e., gender, university affiliation, discipline, study program) and the online courses 
(i.e., course type, class size and course duration). Additionally, we adopted back-translation 
and expert-driven pre-test techniques to assure the instruments’ accuracy and quality in 
the  Chinese context. A pilot study with 398 participants was conducted to validate these 
instruments, and the results showed satisfactory internal reliability and construct validity.

Psychological needs satisfaction  The Basic Psychological Needs Scale, comprising ten 
positively worded items and eight negatively worded items (Van den Broeck et al., 2010), 
has been widely used to measure psychological needs in different studies. Considering that 
the mix of positively and negatively worded items may cause unexplained shared common 
variance as well as distinctive interpretations (Johnston & Finney, 2010), the current study 
adopted the version featuring ten positively worded items to measure students’ perceptions 
of psychological needs satisfaction during the emergency online learning. The validated 
scale was administered to the participants, who were asked to answer all items using a 
5-point Likert scale anchored by strongly disagree (1) and (5) strongly agree. Sample items 
included ‘I really liked to interact with teachers and peers in  online courses’ (relatedness), 
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‘I felt a sense of accomplishment from online courses’ (competence) and ‘I was free to 
express my ideas and opinions in courses’ (autonomy).

Student engagement  The measurement of student engagement originated from the scale 
developed by Fredricks et  al. (2005) to measure postgraduate students’ engagement in a 
distance education setting. After deleting the items deemed inappropriate for measuring 
student engagement in an online environment, online engagement in this study included (1) 
behavioural engagement (BE), consisting of four items (e.g. ‘I took notes carefully when I 
took an online course’); (2) cognitive engagement (CE), consisting of three items (e.g. ‘I 
tried to search for some course-related information to deeply understand the course con-
tent’); and (3) emotional engagement (EE), consisting of four items (e.g. ‘I felt happy when 
taking the online course’). The negatively worded items were reverse-coded. The items 
were scored on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree).

Academic achievement  The five-item academic achievement scale adapted from the 
Course Experience Questionnaire and Chinese College Teaching & Learning Survey (Wil-
son et al., 1997) was used to assess the postgraduate students’ mastery of knowledge and 
skills in online courses. These five items were scored on a 5-point Likert scale ranging 
from 1 (strongly disagree) to 5 (strongly agree).

First‑generation and non‑first‑generation students  First-generation students are defined 
as being from a family in which no parent or guardian has earned a baccalaureate degree, 
and as long as one of their parents or guardians has a baccalaureate degree, they are cat-
egorised as non-first-generation students.

Control variables  In this study, we included information about  postgraduate students and  
online courses (i.e., gender, university affiliation, discipline, study program, course type, 
class size and course duration) as control variables to eliminate the potential confounding 
effects on  relationships between psychological needs satisfaction and online engagement 
and academic achievement.

Data analysis

With the aid of SPSS 22.0 and Amos 21.0 software, we performed two-step structural 
modelling using the method of maximum likelihood estimation. In the first stage of con-
firmatory factor analysis (CFA), we assessed the measurement model by evaluating the 
estimates of internal consistency reliability and convergent and discriminant validity. Fol-
lowing the suggestion of Fornell and Larcker (1981), satisfactory levels of composite reli-
ability and average variance extracted (AVE) to measure internal consistency reliability 
and convergent validity should exceed 0.70 and 0.50, respectively. Discriminant validity 
was determined using the Fornell–Larcker criterion: the AVE of each construct should be 
larger than the inter-construct squared correlation (Fornell & Larcker, 1981).

In the second stage, we performed a path analysis to examine the effects of students’ per-
ceptions of psychological needs satisfaction on online engagement and academic achieve-
ment. Following the suggestion of Hu and Bentler (1999), a series of indices were adopted 
as the criteria for acceptable model fit, including the goodness-of-fit index (GFI, > 0.90), 
adjusted goodness-of-fit index (AGFI, > 0.90), Tucker–Lewis index (TLI, > 0.90), 
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comparative fit index (CFI, > 0.90), standardised root mean square residual (SRMR, < 0.08) 
and root mean square error of approximation (RMSEA, < 0.10). The chi-square estimate is 
highly sensitive to the sample size; thus, it would not be appropriate to use the chi-square 
to degree of freedom ratio as a model fit index in this study (Hu & Bentler, 1999). For the 
mediation analysis, a bias-corrected bootstrapping method with 5000 resampling times was 
used for examining the mediating significance as well as calculating the 95% confidence 
intervals.

Finally, we performed a multi-group analysis to identify the differences in the path coef-
ficients amongst models for the first-generation and non-first-generation groups. Following 
Cheung and Rensvold’s (2002) suggestion, measurement invariance regarding factor load-
ing matrices was tested before assessing the invariance for path coefficients. Specifically, 
the unconstrained model was sequentially compared with the constrained measurement 
weights model and the constrained structural weights model to evaluate the invariance 
between the first-generation and non-first-generation groups. The statistical significance of 
invariance was rejected when a change in CFI between the previous and the new models is 
greater than 0.01 (Cheung & Rensvold, 2002). The chi-square difference was not applica-
ble because of the large-scale sample used in this study.

Findings

Preliminary analyses

The data screening and preliminary analyses of missing values, outliers, normality, col-
linearity and common method variance test were carried out. The multivariate normality 
was tested, and the results of all variables’ skewness and kurtosis values were lower than 
1, following the normal distribution needed for SEM. Collinearity was assessed through a 
test of variance inflation factors (VIF). The results ranged from 1.167 (behavioural engage-
ment) to 2.827 (autonomy satisfaction), indicating acceptable conditions to conduct regres-
sion analysis. In addition, Harman’s single factor test was conducted to assess whether a 
common method bias existed in the data. The results showed that the total variance for a 
single factor was 35.655%, thus indicating that common method bias had no influence on 
the data.

Measurement model

Table 2 provided the detailed factor loadings, composite reliabilities, square root of AVE 
and correlations amongst the constructs. All items showed moderate to strong factor load-
ings, ranging from 0.585 to 0.943. The composite reliability of all the variables ranged 
from 0.809 to 0.937, with all estimates exceeding an acceptable level of 0.70. The AVE 
estimates in this study ranged from 0.518 to 0.794, with all the estimates surpassing the 
0.50 critical value, thus providing evidence of convergent validity. Furthermore, the AVE 
estimates for each construct were larger than the inter-construct squared correlation, thus 
supporting the discriminant validity of all variables.

In addition to the saturated variables of autonomy satisfaction, relatedness satisfac-
tion and cognitive engagement, the CFA results indicated an acceptable model fit in terms 
of  perceived competence (χ2 = 126.104, df = 2, GFI = 0.996, AGFI = 0.979, TLI = 0.992, 
CFI = 0.997, RMSEA = 0.064 and SRMR = 0.0065), behavioural engagement (χ2 = 20.084, 
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df = 2, GFI = 0.999, AGFI = 0.997, TLI = 0.997, CFI = 0.999, RMSEA = 0.025 and 
SRMR = 0.0058), emotional engagement (χ2 = 105.274, df = 2, GFI = 0.997, AGFI = 0.983, 
TLI = 0.990, CFI = 0.997, RMSEA = 0.059 and SRMR = 0.0413) and academic achieve-
ment (χ2 = 52.637, df = 5, GFI = 0.980, AGFI = 0.941, TLI = 0.976, CFI = 0.988, 
RMSEA = 0.100 and SRMR = 0.0155). Overall, the above-mentioned results provided suf-
ficient support for the models, thereby allowing us to proceed with the evaluation of the 
structural model and conduct detailed hypotheses testing.

Descriptive statistics and correlations

Table  2 showed the means, standard deviations and correlations amongst all variables. 
The mean scores showed a relatively lower level of relatedness satisfaction (M = 2.798, 
SD = 0.857) compared with the levels of competence satisfaction (M = 3.615, SD = 0.673) 
and autonomy satisfaction (M = 3.531, SD = 0.661). The mean scores also illustrated a 
relatively lower level of emotional engagement (M = 2.553, SD = 0.686) compared with 
the levels of behavioural engagement (M = 2.914, SD = 0.737) and cognitive engagement 
(M = 3.704, SD = 0.656). Moreover, the mean score of academic achievement (M = 3.403, 
SD = 0.694) was relatively high on a 5-point scale. As shown in Table 2, the correlation 
between any two variables was significant. Although the results were not displayed in the 
table, each control variable was significantly correlated with one another. Therefore,  con-
trol variables containing the participants’ demographic information (i.e., gender, university 
affiliation, discipline and study program) and the online courses’ information (i.e., course 
type, course size and course duration) were included in the subsequent path analysis.

Structural model

The overall path model (Fig.  1) yielded the following results: χ2 = 13,434.858, df = 456, 
GFI = 0.944, AGFI = 0.931, TLI = 0.945, CFI = 0.952, RMSEA = 0.044 and SRMR = 0.039, 
indicating a good fit to the sample data. As shown in Fig. 1 and Table3, relatedness sat-
isfaction was significantly positively correlated with behavioural engagement (β = 0.172, 
p < 0.001) and emotional engagement (β = 0.606, p < 0.001), but was significantly nega-
tively correlated with cognitive engagement (β = − 0.062, p < 0.001). In comparison, relat-
edness satisfaction did not generate  significant effect on postgraduate students’ academic 
achievement (β = 0.009, p > 0.05). Moreover, competence satisfaction was significantly 
positively related with behavioural engagement (β = 0.103, p < 0.001), cognitive engage-
ment (β = 0.416, p < 0.001), emotional engagement (β = 0.171, p < 0.001) and academic 
achievement (β = 0.219, p < 0.001). Similarly, autonomy satisfaction was significantly posi-
tively related with behavioural engagement (β = 0.248, p < 0.001), cognitive engagement 
(β = 0.418, p < 0.001), emotional engagement (β = 0.151, p < 0.001) and academic achieve-
ment (β = 0.065, p < 0.001). Furthermore, behavioural engagement was positively related 
with academic achievement (β = 0.180, p < 0.001), cognitive engagement (β = 0.136, 
p < 0.001) and emotional engagement (β = 0.125, p < 0.001), respectively.

Mediation analysis

Table  4 indicated the significant mediating effects of behavioural engagement between 
students’ perceptions of psychological needs satisfaction and academic achievement. 
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Similarly, the results demonstrated the significant mediating effects of emotional engage-
ment between students’ perceptions of psychological needs satisfaction and academic 
achievement. Cognitive engagement was reported to have significant mediating effects 
between autonomy satisfaction and academic achievement and between competence sat-
isfaction and academic achievement. On the contrary, the absolute value of total effect of 
relatedness satisfaction on academic achievement (0.000) was smaller than the absolute 
value of direct effect (0.010), revealing that cognitive engagement had suppressing effect 
between relatedness satisfaction and academic achievement rather than mediating effect 
(MacKinnon et al., 2000).

Fig. 1   Results of the  SEM model. Note: Standardized coefficient was reported. *p < 0.05, **p < 0.01, 
***p < 0.001. RS, relatedness satisfaction; CS, competence satisfaction; AS, autonomy satisfaction; BE, 
behavioural engagement; CE, cognitive engagement; EE, emotional engagement; AA, academic achieve-
ment. Model fit indices: χ2 = 13,434.858, df = 456, GFI = 0.944, AGFI = 0.931, TLI = 0.945, CFI = 0.952, 
RMSEA = 0.044 and SRMR = 0.039. Controlling variables (i.e.,  gender, university affiliation, discipline, 
program, course type, course size and course duration) were included

Table 3   Path coefficients of the structural model

Standardized coefficient was reported. *p < 0.05, **p < 0.01, ***p < 0.001. RS relatedness satisfaction, CS 
competence satisfaction, AS autonomy satisfaction, BE behavioural engagement, CE cognitive engage-
ment, EE emotional engagement, AA academic achievement. Model fit indices: χ2 = 13,434.858, df = 456, 
GFI = 0.944, AGFI = 0.931, TLI = 0.945, CFI = 0.952, RMSEA = 0.044 and SRMR = 0.039

BE CE EE AA

Coefficient SE Coefficient SE Coefficient SE Coefficient SE

RS 0.172*** 0.012  − 0.062*** 0.007 0.606*** 0.017 0.009 0.013
CS 0.103*** 0.018 0.416*** 0.012 0.171*** 0.019 0.219*** 0.016
AS 0.248*** 0.019 0.418*** 0.013 0.151*** 0.020 0.065*** 0.017
BE 0.180*** 0.009
CE 0.136*** 0.014
EE 0.125*** 0.009
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Multi‑group analysis

Table 5 presented the results of a multi-group analysis across the first-generation and non-
first-generation groups. The fit of the unconstrained model (χ2 = 13,933.922, df = 912, 
p < 0.001, GFI = 0.942, AGFI = 0.929, TLI = 0.944, CFI = 0.952, RMSEA = 0.031 and 
SRMR = 0.0392) was satisfactory. The results showed that CFI did not decrease signifi-
cantly after progressively adding the constraints of equal factor loadings (model 2), equal 
structural coefficients (model 3), equal structural covariance (model 4), equal structural 
residuals (model 5) and equal measurement residuals (model 6). In other words, the 
path coefficients from students’ perceptions of psychological needs satisfaction to online 
engagement and academic achievement were invariant between first-generation and non-
first-generation groups of postgraduate students.

Discussion and conclusion

Universities across the globe have made impressive efforts to move teaching online and 
attempted to proceed with teaching-as-usual when COVID-19 completely swirled our daily 
lives. As COVID-19 continues to be a prolonged public threat throughout the world, it is of 
particular concern to reflect on the accumulated emergency online migration experiences 
and explore ways by which to improve the quality of online teaching in the future. Using a 
large sample of 14,935 participants situated in the Chinese context, this study empirically 
tested a SDT-driven model depicting the relationships amongst students’ perceptions of 
psychological needs satisfaction, engagement and academic achievement during COVID-
induced emergency online learning (Fig.  2). The results partially supported Hypotheses 
1–4 but rejected Hypothesis 5. The results of descriptive analysis and correlation analy-
sis will be discussed, followed by the discussion of results of structural model, mediation 
analysis and multi-group analysis.

First, the current study revealed a relatively high level of autonomy satisfaction, which 
means that postgraduate students at Chinese universities benefited from having their auton-
omy supported during the emergency online learning. This finding is in contrast to the 
argument forwarded by some cross-cultural researchers that the psychological need for 
autonomy is not applicable to the Eastern collectivistic culture (Markus et al., 1996) and 
that the emergency online learning environment is completely in conflict with students’ 
needs for autonomy and self-determination (Hodges et  al., 2020). However, this finding 
echoes the statement that autonomy should be emphasised as an attainment or an attribute 
for postgraduate students to help them self-regulate and self-manage their online learning 
activities (Wu & Li, 2020). This study also showed that the level of relatedness satisfaction 
was substantially lower than those of competence satisfaction and autonomy satisfaction. 
This reinforces the idea that relatedness satisfaction is a particular concern in the emer-
gency context, wherein teachers, students and peers made hurried moves to continue to 
learn-as-usual whilst being geographically isolated from one another. The level of cogni-
tive engagement in this study was considerably higher than those of behavioural engage-
ment and emotional engagement, which is in line with the prior finding that university 
teachers prioritised student cognition but neglected students’ emotional responses in the 
emergency online learning context (Wu & Li, 2020).
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This study demonstrated a strong link between autonomy satisfaction and competence 
satisfaction, which reflects the nature of relationships amongst these three psychologi-
cal needs satisfaction that are both distinguished and interrelated (Deci & Ryan, 2000; 
Vansteenkiste et al., 2020). It can be explained that the time and effort students willingly 
devoted to online learning activities will help them achieve a strong sense of mastery and 
efficacy in interacting with the online learning environment. At the same time, it bears 
the potential to promote a strong sense of psychological freedom when students are learn-
ing more effectively and competently online. This study also showed that students’ per-
ceptions of autonomy satisfaction and competence satisfaction are highly correlated with 
their cognitive engagement. Students’ perceptions of autonomy support in the online learn-
ing environment give them more latitude to choose learning goals, learning resources, and 
learning strategies, which might encourage them to invest more willingness and thought-
fulness to master difficult skills, understand complex ideas and use deep learning strategies 
(Hew, 2016; Reeve, 2012; Reeve et al., 2004). In addition, when students feel competent 
and effective in online learning, it is a natural process for them tend to use deep learning 
strategies (e.g. elaboration, planning, reasoning and critical thinking) instead of superfi-
cial learning strategies such as memorisation when dealing with online learning activities 
(Hew, 2016; Reeve et al., 2004).

Moreover, this study revealed positive significant correlations between relatedness sat-
isfaction and behavioural and emotional engagement, but a negative significant correla-
tion between relatedness satisfaction and cognitive engagement. These results consolidate 
the argument that autonomy and competence are more dominant in influencing learning 
processes and outcomes, whilst relatedness is still important but not to the same extent 
(Deci & Ryan, 2008). In line with the findings in the literature (e.g. Ferrer et  al., 2020; 
Hew, 2016; Huang et al., 2019), we found that students’ perceptions of relatedness satis-
faction help enhance their behavioural participation in the online learning activities and 
triggered their task-facilitating emotions towards teachers, peers and learning activities. 

Fig. 2   The relationships between psychological needs and satisfaction, student engagement and academic 
achievement
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However, the findings also highlighted the ‘sophisticated’ nature of relatedness satisfac-
tion, which can engender different effects on various forms of student engagement and 
academic achievement in different contexts. One possible explanation is that there exist 
cross-cultural differences concerning the specific relations between relatedness satisfaction 
and cognitive engagement, and when relatedness is not satisfied in a context that places 
high value on education, the feeling of isolation can motivate students to think deeply and 
exert  necessary efforts to comprehend complex ideas or master difficult skills. Similarly, 
this study did not find significant effect of relatedness satisfaction on students’ academic 
achievement. To sum up, this study confirms the positive impacts of students’ perceptions 
of competence and autonomy satisfaction on their engagement and academic achievement 
in the context of emergency online learning. This supports SDT’s proposition that online 
learning environments that satisfy learners’ psychological needs can promote more optimal 
motivation, resulting in positive engagement and outcomes (e.g. Deci & Ryan, 2000, 2008; 
Huang et al., 2019; Reeve, 2012).

Second, this study contributes to existing literature by examining the effects of student 
engagement within SDT. In line with previous studies (e.g. Butz & Stupnisky, 2016; Hsu 
et al., 2019; Sun et al., 2019), the results reported that student engagement acted as par-
tial or full mediators between psychological needs satisfaction and academic achievement. 
Specifically, the effects of autonomy and competence satisfaction on students’ academic 
achievement were partially mediated by the extent to which they cognitively, emotion-
ally and behaviourally engaged in online learning activities. The feelings of autonomy and 
competence fulfilled in the online environment incited the behavioural, cognitive and emo-
tional aspects of students’ active involvement in online learning activities, which in turn 
contributed to their improved academic achievement (Hsu et al., 2019; Kahu, 2013).

Student engagement results from complicated interactions between individuals and cer-
tain contexts; it is often difficult for teachers to engage students in learning activities during 
an emergency crisis by ‘just teaching online’ (Hodges et al., 2020). Our research findings 
substantiate the argument that pathways to student engagement may stem from the contexts 
supporting students’ experiences of volition, self-endorsement and free will as they initiate, 
maintain and regulate learning activities online; furthermore, these can enhance students’ 
feelings of being competent, efficacious and capable of completing challenging learning 
tasks and achieving  desired outcomes (Butz & Stupnisky, 2016; Ferrer et al., 2020). Our 
study also provides empirical evidence of the fulfillment of  psychological needs of auton-
omy and competence as pathways to improving students’ academic achievement, which is 
the most important concern of online learning under the pandemic situation (Besser et al., 
2020; Hodges et al., 2020).

Furthermore, the current study revealed that the effect of relatedness satisfaction on stu-
dents’ academic achievement was completely mediated by the extent to which they emo-
tionally and behaviourally engaged in online learning activities. In other words, the total 
effect of relatedness satisfaction on students’ academic achievement is transmitted through  
mediators of emotional and behavioural engagement, thus highlighting the important roles 
of both forms of engagement in an emergency online learning environment. In addition, the 
significant negative correlation between relatedness satisfaction and cognitive engagement 
cancelled out the significant positive correlation between cognitive engagement and aca-
demic achievement, resulting in the absence of a statistically significant mediating effect of 
relatedness satisfaction on students’ academic achievement in this study. This finding calls 
for more nuanced empirical studies to validate the unexpected link between relatedness 
satisfaction and cognitive engagement found in our study.
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Third, researchers have suggested that first-generation and non-first-generation  stu-
dents may have different perceptions of psychological needs satisfaction, thereby result-
ing in different levels of student engagement and academic achievement. Surprisingly, the 
current study revealed a different picture: the emergency situation did not lead to different 
consequences between first-generation and non-first-generation  students in terms of the 
effects of psychological needs satisfaction on their engagement and academic achieve-
ment in the online learning context. The probability of such invariance may result from 
the concerted efforts made by the Chinese government and universities to provide strong 
resource guarantees and technical support for emergency online teaching during the pan-
demic (Wu & Li, 2020). Such efforts ultimately minimised the technological gap between 
first-generation and non-first-generation  students. Another explanation may lie in the fact 
that postgraduate students are essentially highly autonomous and independent. They have 
higher levels of metacognitive functioning and critical thinking strategies to overcome the 
disadvantageous situation caused by the digital divide compared to students at the K-12 
level and to undergraduate students who have been found in prior studies to be signifi-
cantly affected by the digital divide (Butz & Stupnisky, 2016). However, more empirical 
research may be needed to test the results amongst diverse student populations and within 
different social contexts.

Limitations and implications

Despite the noticeable contributions mentioned above, we should be aware of the limita-
tions of this study. First, this study involved a large-scale sample located in an important 
metropolis of China. Hence, more samples from other contexts may be needed in future 
studies to extend the generalisability of our findings. Second, students’ motivation, engage-
ment and academic achievement have changed over time; however, this study used cross-
sectional data to examine their relationships, failing to demonstrate evidence of causality. 
Hence, future studies are needed to conduct experiments or longitudinal studies to explore 
more sophisticated evidence regarding this topic. Third, this study followed Reeve’s (2012) 
notion, which equated motivation with psychological needs satisfaction from the psycho-
logical needs-based framework with SDT. In relation to this, future studies could directly 
measure students’ motivation (e.g. extrinsic and intrinsic motivation) anchored in the con-
tinuum of SDT, as doing so might yield different results about their relationships. Fourth, 
it might be helpful for future studies to measure the variable of cultural context to deepen 
our understanding of the cultural configurations with SDT. Lastly, this study measured stu-
dents’ academic achievement via the method of self-assessment, future studies are wel-
come to use students’ GPA as the proxy variable of academic achievement.

Despite these limitations, the practical implications of this study arise from the findings 
within the emergency online learning context, which emphasises the critical importance 
of creating a need-supportive online learning environment. Previous research has identi-
fied the fundamental differences between online and conventional offline courses and  chal-
lenges for instructors  to support psychological needs-based motivation were even greater 
in the case of emergency online migration (Fryer & Bovee, 2016). Given the fact that the 
devastating consequences of COVID-19 persist, the current study reminds us of the signifi-
cance of efforts aimed at creating a favourable online environment to satisfy students’ psy-
chological needs. It is not just about making the courses available online; rather, instructors 
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must anticipate the difficulties of student online learning and make conscientious efforts to 
enhance student motivation and engagement during the process of course planning.

With the theoretical rationales of SDT in mind, instructors are assumed to play an 
important role in motivating students by demonstrating support of autonomy, compe-
tence and relatedness and need-supportive teaching practices are accordingly grouped into  
dimensions of autonomy support (autonomy), structure (competence) and involvement 
(relatedness) (Fryer & Bovee, 2021; Leenknecht et  al., 2017). Need-supportive teaching 
is a powerful instrument for teachers to satisfy students’ psychological needs of autonomy, 
competence, and relatedness in order to increase their motivation, engagement and aca-
demic achievement (Dupont et al., 2014; Fryer & Bovee, 2021; Leenknecht et al., 2017). 
First, students’ need of autonomy can be promoted by being autonomy supportive in online 
teaching. The need of autonomy can be supported through using several teaching strate-
gies, such as providing rationales for requested online learning tasks, communicating with 
students the learning goals and contents, allowing students to work independently at their 
own pace, understanding students’ maladaptive behaviors in the emergency case and avoid-
ing putting undue pressure on students (Leenknecht et  al., 2017). Second, students’ per-
ceptions of competence satisfaction can be enhanced by being competence supportive in 
online teaching. The need of competence can be supported through using several teaching 
strategies, such as providing structure to keep students on tasks, communicating expecta-
tions clearly, providing explicit guidelines and progress-enabling scaffolding and avoiding 
chaos during the emergency transition (Leenknecht et al., 2017). Third, the role of relat-
edness depends on the nature of the students and study programs, and in most cases, it 
is necessary for instructors to provide relatedness support in online teaching for students. 
Teachers can promote students’ feelings of relatedness satisfaction by showing affection, 
expressing understanding, providing opportunities of group work and making sure to help 
students in a timely manner.
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