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Abstract
The novel coronavirus SARS-CoV-2 (COVID-19) has accentuated the role and 
interplay of numerous educational factors, inviting pedagogical research concern-
ing online education. Using self-determination theory’s basic psychological needs 
and fundamental learning theories, identified educational factors were integrated 
into three pathways: (1) autonomy, technology acceptance, and self-regulation of 
learning; (2) relatedness, authentic happiness, and a classroom community; and (3) 
competency, harmonious passion, and trait conscientiousness. This study extends 
educational research by elucidating the relationships between psychological need 
fulfilment, educational factors, and students’ expectations of their future grades dur-
ing the impact of COVID-19. Australian university students (N = 226, 77% female) 
completed questionnaires assessing their experience of home isolation, factors of 
each hypothesised pathway, and their expected grades. Structural equation model-
ling revealed that higher need fulfilment significantly predicted engagement in edu-
cational factors and that educational factors are complexly interrelated, providing 
resilience, motivation, and the mechanisms that facilitate learning. Most impor-
tantly, relatedness between academics and students positively influenced all learning 
pathways. Reciprocal determinism demonstrated the most substantial association 
with expected grades, and new insight was gained into the interrelationships of pas-
sion, trait conscientiousness, and self-regulation of learning.
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Knowledge acquisition, knowledge processing, and internalisation of knowl-
edge occur through processes that are primarily accomplished by students’ inter-
actions with information, academics (i.e., teachers, tutors, lecturers, or scholars), 
and peers in a social learning environment (Bandura, 1977; Piaget, 1973; Vygot-
sky, 1978). Typically, changes to this learning environment have occurred incre-
mentally; as technologies develop, academics have embraced an active learning 
approach facilitated by universities increasing investment in digital infrastruc-
ture (Aithal & Aithal, 2019; Dziuban et  al., 2018; Tucker, 2012; Williamson, 
2020). In contrast to this incremental environmental transition, the COVID-19 
pandemic declaration of March 2020 was the catalyst for public health strate-
gies that brought about sudden and unexpected change (Department of Health, 
2020; World Health Organisation, 2020). Within days, face-to-face interaction 
on purposefully designed university campuses transformed into virtual interac-
tive meetings with staff and students from home isolation. As yet, no published 
studies have assessed the unique impact of this transformation on the processes 
of learning.

Active learning is a function of distinct and complex relationships between diverse 
variables (Elen & Clark, 2006), the interaction between the student and external 
stimuli, the internal processes of knowledge construction, and the motivational 
forces that drive both (Illeris, 2018). Typically, educational research has attempted 
to simplify this complexity through a reductionist approach, often examining the 
unique contribution of a single educational factor (Elen & Clark, 2006). However, 
reductionism “generally signifies a loss of complexity which hinders an adequate 
understanding of reality” (Wrigley, 2019, p. 146). Therefore, to gain a more nuanced 
understanding of COVID-19’s complex impact within the expanding digital domain 
a holistic model of investigation is suggested, initiated by motivational forces and 
aligning educational factors in learning pathways according to the principles of clas-
sic learning theories.

One critical factor that applies to all learning is a student’s motivation (Thoonen 
et  al., 2011; Chen & Jang, 2010). Self-determination theory (SDT; Deci & Ryan, 
2000) posits that a student’s optimal functioning (a self-motivation to achieve 
growth; Maslow, 1943) requires specific support from their educational environ-
ment to fulfil three basic needs: autonomy, relatedness, and competency (Niemiec 
& Ryan, 2009). Given that learning is broadly defined as “any process that in liv-
ing organisms leads to permanent capacity change and which is not solely due to 
biological maturation or ageing” (Illeris, 2007, p. 3), it may be considered analo-
gous to growth. Therefore, it is feasible that the basic psychological needs required 
to motivate growth would align with the processes of learning that better facilitate 
growth. Autonomy, defined as an independent and active involvement in learning 
that is regulated by the self (Niemiec & Ryan, 2009), is consistent with psychologi-
cal constructivism. Relatedness, a feeling of being genuinely liked, respected, and 
valued by educators and colleagues (Niemiec & Ryan, 2009), is consistent with 
social learning principles. Finally, competency, a feeling of efficiency, effectiveness, 
and self-efficacy in one’s studies (Niemiec & Ryan, 2009), is consistent with the 
principles of co-construction of knowledge within the zone of proximal develop-
ment of social constructivism.
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1.1  Psychological constructivism: the autonomy pathway

Psychological constructivism (Piaget, 1973) holds that individuals must actively 
construct their knowledge through the interaction of prior learning and new infor-
mation. During COVID-19’s restrictions, students were forced to access new infor-
mation primarily online, possibly accentuating behaviours related to their readiness 
to use the required technology (e.g., the technology acceptance model; Davis et al., 
1989) and their engagement in cognitive strategies to regulate their learning more 
independently (e.g., self-regulation of learning; Zimmerman, 1990). Thus, both fac-
tors may be valuable in actively constructing knowledge in online environments.

The autonomy pathway comprises the elements of autonomy, technology accept-
ance, and self-regulation of learning, and their influence on expected grades dur-
ing and beyond the COVID-19 lockdown (see Fig. 1). Autonomy support is derived 
from academics’ support of a student’s independent and active involvement in learn-
ing through classroom environments that nurture students’ preferences, interests, and 
internal motives (Dickinson, 1995; Reeve et  al., 2004). In education, research has 
demonstrated autonomy-supportive measures by academics to be associated with 
self-regulation of learning by secondary school students (Wang et  al., 2016), and 
that self-regulation skills predict academic performance at university (Broadbent & 
Fuller-Tyszkiewicz, 2018; Xiao et al., 2019). Studies of university students also sup-
port the notion that the association between autonomy support and self-regulation of 
learning may be mediated by technology acceptance (Liaw & Huang, 2013; Nikou 
& Economides, 2017). However, the potential for technology acceptance to fully 
mediate the relationship between autonomy support and self-regulation of learn-
ing has not been directly examined. COVID-19’s lockdown may have challenged a 
student’s feelings of autonomy and their ability to access information through new 

Fig. 1  The autonomy pathway
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virtual platforms. Thus, the construction of personal knowledge through self-regu-
lation strategies may have been reduced (Pelletier et al., 2002; Rocchi et al., 2013).

1.2  Social learning: the relatedness pathway

In contrast, social learning theories emphasise the importance of social interactions 
to model learning through observation (Bandura, 1977) and continuous interaction 
between an active learner and the persons, objects, and symbols in their immedi-
ate environment (Bronfenbrenner, 1979; Bronfenbrenner & Ceci, 1994). During the 
COVID-19 lockdown, social interaction existed primarily and almost solely on vir-
tual platforms, resulting in reduced social interactions and, in turn, diminished psy-
chological wellbeing (Cao et al., 2020; Wang & Zhao, 2020). Therefore, the extent 
that impediments to social interactions affected active learning may be a function 
of students’ resilience in emotional stability (e.g., authentic happiness; Seligman, 
2004) and sense of belonging and trust (e.g., classroom community; Rovai, 2001).

The relatedness pathway comprises the elements of relatedness, authentic hap-
piness, a classroom community, and their influence on expected grades during and 
beyond the COVID-19 lockdown (see Fig. 2). Relatedness support is derived from 
academics’ use of processes that enhance a student’s sense of interpersonal connec-
tion, such as video conferencing, group assignments, encouraging questioning, and 
emotional support (Niemiec & Ryan, 2009). Educational research indicates that the 
formation of a classroom community in online university students can be predicted 
by relatedness support (Booker, 2008; Rovai, 2001). Moreover, authentically happy 
people more readily accept diversity and create inclusive social groups that may 
contribute to a sense of community (Dunn & Schweitzer, 2005; Morcom & Mac-
Callum, 2012). However, only research outside the educational domain associates 

Fig. 2  The relatedness pathway
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happiness with an increased sense of community (i.e., neighbourhood community; 
Ross et al., 2019). When a classroom community forms, student retention, engage-
ment, and knowledge sharing increase, assisting academic success (Booker, 2016; 
Yilmaz, 2016), although the direct effect on grades remains controversial (for review 
see Beachboard et al., 2011; Boydie, 2020). Therefore, in theory, it is feasible that 
authentic happiness may mediate the relationship between relatedness support and 
the development of a classroom community (e.g., King, 2015; Ross et  al., 2019). 
COVID-19’s physical restrictions forced students to study from home isolation; 
thus, an individual’s feeling of relatedness, happiness, and sense of community may 
have diminished by the lack of in-person classroom contacts (Cao et al., 2020; San-
tini et al., 2020; Schaefer et al., 2020; Wang & Zhao, 2020).

1.3  Social constructivism: the competency pathway

Social constructivism (Vygotsky, 1978) posits that individuals learn when knowl-
edge is co-constructed with support from others in a zone of proximal development. 
“What the child is able to do in collaboration today, he will be able to do indepen-
dently tomorrow” (Vygotsky, 1987, p. 211). During the lockdown, the academic’s 
crucial role in the co-construction of knowledge may have been impeded by the 
online environment, necessitating more student independence in learning. There-
fore, how readily students adapted to this independence may be a function of factors 
associated with persistence (e.g., harmonious passion; Vallerand et  al., 2003) and 
conscientiousness (e.g., trait conscientiousness; Costa & McCrae, 1992).

The competency pathway comprises the elements of competency, harmonious 
passion, trait conscientiousness, and their influence on expected grades during and 
beyond the COVID-19 lockdown (see Fig.  3). Competency support in an online 

Fig. 3  The competency pathway
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environment is derived from academics’ support of a challenging but achievable 
experience through classroom environments that provide optimal challenges with 
positive feedback (Niemiec & Ryan, 2009). Studies have demonstrated that com-
petency support directly predicts university students’ academic success (Nahyun & 
Hana, 2017; Sulea et al., 2015; Talsma et al., 2018; Trautwein et al., 2009) through 
the process of reciprocal determinism (a reciprocal interaction between self-efficacy 
beliefs and the learning environment; Bandura, 1983).

Competency support has demonstrated the ability to increase the motivational 
force of harmonious passion in high school students (Ruiz-Alfonso & León, 2019). 
Harmonious passion leads to a motivational state that underlies the strength of the 
behaviour in the direction of achievement resulting in a healthy and manageable 
engagement in learning (Vallerand et al., 2003). Interestingly, while trait conscien-
tiousness is often considered the key non-intellective trait predictor of academic suc-
cess in adolescents (Dumfart & Neubauer, 2016), the literature suggests it comprises 
both heritable stable trait facets (Krueger & Johnson, 2008) and facets such as per-
severance, that may be amenable to change (Duckworth et al., 2007). In their review 
of trait conscientiousness, Roberts et al. (2014) suggest future research should exam-
ine the relationship between trait conscientiousness and motivational forces such 
as SDT’s basic needs or an individual’s “interests and values” (p. 1325). As such, 
there is a need to investigate the potential for passion for mediating the relationship 
between competency-supportive measures and trait conscientiousness. The COVID-
19 lockdown resulted in academics having to make many time-consuming changes 
to match assessments with new virtual platforms; thus, their ability to provide a typ-
ical level of competency support may have been reduced (McNiff & Aicher, 2017; 
Pelletier et al., 2002).

The reviewed literature supported all individual connections on each path-
way, except that of harmonious passion and trait conscientiousness. Additionally, 
despite a theoretical basis, no empirical evidence demonstrated the theorised media-
tion effects of technology acceptance, authentic happiness, or harmonious passion. 
Moreover, although theorised and reviewed as distinct, the pathways are likely to be 
interrelated. For example, an effective zone of proximal development requires aca-
demics to have the sensitivity to calibrate learning tasks to students’ current capa-
bilities (Sivan, 1986). Academics would likely develop this sensitivity from inter-
personal connectedness. Therefore, a holistic investigation of learning processes 
would benefit from not only an examination of these individual pathways but also an 
examination of an integrated model originating from relatedness.

1.4  The rationale for the present study

By accentuating the role that educational factors play in online learning, COVID-19 
represents a unique research opportunity. Although a reductionist perspective taken 
by researchers has identified a diverse range of educational factors in the continu-
ally expanding digital domain, there is a paucity of research that acknowledges and 
examines the interrelated nature of these factors. SDT explains the role of basic 
needs of autonomy, relatedness, and competency in driving the intrinsic motivation 
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that results in optimal functioning. Being self-motivated for growth in this way may 
be analogous to a desire to learn; thus, core needs and learning theories may over-
lap. Indeed, it is acknowledged that the boundaries between theories of learning are 
blurred and overlap (Brown, 2006; Jacobson et al., 2019), yet through the propen-
sity for a reductionist approach, educational research continues to suffer a loss of 
understanding in complexity, openness, and values (Elen & Clark, 2006; Wrigley, 
2019). According to one of the most influential psychologists in the field of learning, 
research can proceed from the study of a datum that varies in a significant fashion, 
and there appears to be no a priori reason why a complete description of higher 
mental processes cannot be reached without theory (Skinner, 1950). Therefore, this 
study aims to develop a final model that interrelates all data to explore this holistic 
gap in the existing literature.

First, it was hypothesised that students who reported higher levels of basic psy-
chological needs fulfilment would also report more engagement in educational fac-
tors that lead to academic success. Specifically, students with greater autonomy 
will more readily accept technology leading to increased self-regulation of learning 
and course grades (H1a). COVID-19’s interference would reduce a student’s grades 
by undermining their feeling of autonomy, and by creating barriers to technology 
acceptance leading to reduced self-regulation and course grades (H1b). Students 
who feel stronger relationships with academics and peers will be more authentically 
happy, leading to an increased sense of classroom community and course grades 
(H2a). COVID-19’s interference would reduce a student’s grades by undermining 
their feeling of relatedness diminishing authentic happiness, reducing their sense of 
classroom community and course grades (H2b). A student who perceives more com-
petency support from academics will be more passionate about the course and better 
engage trait conscientiousness, both increased competency support and conscien-
tiousness will independently increase course grades (H3a). COVID-19’s interference 
would reduce a student’s grades by undermining an academics’ capacity to provide 
competency support, reducing a student’s harmonious passion, their engagement of 
trait conscientiousness, and course grades (H3b). Finally, it was hypothesised that 
students’ academic success would be predicted by the integration of the discrete 
linear pathways. Specifically, the integration of the three pathways would provide 
a better-fitting model with more interrelated effects than the linear pathways alone 
(H4).

1.5  Participants

Ethical approval for the study was granted by the University of the Sunshine Coast 
Human Ethics Committee (approval number S201243). The sample size was esti-
mated through the statistical power analysis a priori in G*Power 3.1 (Faul et  al., 
2007). The analysis indicated a minimum requirement of 172 participants for the 
detection of a small effect size (f = 0.15).

Participation in the study was limited to students who were 18  years or older, 
recruited through a snowball approach using social media, an undergraduate student 
research pool, and in-class invitations by undergraduate teaching staff via the Zoom 
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video conference platform. The sample comprised students (N = 226, 77% female) 
from the University of the Sunshine Coast, Queensland, Australia, and may be con-
sidered representative given the reported prevalence of females in Australian univer-
sities, ranges between 46–72% (Australian Bureau of Statistics, 2021). Ages ranged 
from 18 to 70 years (M = 29, SD = 11.25). Most students reported their method of 
study as full-time (84%), were from the home institution’s main campus (81%), and 
in their first year of study (54%). Additional demographic information is presented 
in Table 1.

1.6  Design

The study used a descriptive cross-sectional survey design. The predictor variables 
were autonomy, relatedness, competency, technology acceptance, authentic happi-
ness, harmonious passion, self-regulation of learning, classroom community, trait 
conscientiousness, and COVID-19 study interference. The outcome variable was 
self-report of the expected course grade. Structural equation modelling was used 
to assess possible model fit. Parametric data was created by calculating the mean 
scores and averaging responses across items for all scales (Carifio & Perla, 2008; 
Norman, 2010).

Table 1  Summary of Demographic Variables of Previous Online Experience, Physical Study Space, 
Study Distractions, and Internet Problems

Variable Frequency Percent

Previous online experience Very experienced 25 11.1
Somewhat experienced 43 19.0
Experienced 44 19.5
Little experience 72 31.9
No experience 42 18.6

Physical study space Dedicated study space 57 25.2
Dual-use study space 93 41.2
Shared study space 29 12.8
Study where I can 46 20.4
Must go elsewhere 1 .4

Study distractions No distractions 28 12.4
Low level distractions 71 31.4
Medium level distractions 48 21.2
High level of distractions 75 33.2
Must go elsewhere 4 1.8

Internet problems No problems 85 37.6
Low level of problems 79 35.0
Medium level of problems 50 22.1
High level of problems 11 4.9
Must go elsewhere 1 .4
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1.7  Measures

All scales demonstrated acceptable psychometric properties for use with univer-
sity student populations. Cronbach’s alphas from the present study are presented in 
Table 2.

1.7.1  Autonomy, relatedness, and competency

Students’ perception of basic need fulfilment was measured using the 24-item Basic 
Needs and Frustration Scale (adult version; Chen et al., 2015). The items were rated 
on a 5-point Likert scale, ranging between (1) not at all true and (5) completely true. 
Composite scores were created by combining the need satisfaction and reversed 
need frustration items of each separate need. Possible scores ranged from 8 to 40. 
Scores ≥ 24 indicate an overall positive perception of needs satisfaction. Sample 
(autonomy scale) items included ‘I feel a sense of choice and freedom in the online 
learning I undertake’. The scale is widely used as a measure of satisfaction or frus-
tration of an individual’s basic psychological needs and has demonstrated reliabil-
ity and validity with internal consistency calculated for each subscale ranging from 
α = 0.71 to 0.89 (Chen et al., 2015).

1.7.2  Technology acceptance

Students’ behavioural intention to use technology was measured using the 17-item 
Technology Acceptance Model (Davis et al., 1989) modified to fit the specific con-
text of online learning for university students (see Park, 2009). Items were scored 
on a 7-point Likert scale from (1) strongly disagree to (7) strongly agree. Possible 
scores ranged from 17 to 119, with higher scores indicating higher acceptance of 
technology use. Sample item: ‘I find online learning systems easy to use’. The scale 
is widely used as a measure of a student’s capacity to use technology and has dem-
onstrated reliability and validity with internal consistency for each subscale ranging 
from α = 0.76 to 0.94 (Park, 2009).

1.7.3  Authentic happiness

Authentic happiness was measured using the 7-item authentic happiness scale (Sanli 
et al., 2019). Items were scored on a 5-point Likert scale from (1) not like me to (5) 
very like me. Possible scores ranged from 7 to 35, with higher scores indicating a 
higher level of authentic happiness. Sample Item: ‘I am aware of the meaning of 
life’. The scale was developed to examine the concept of authentic happiness (Selig-
man, 2004) and is a reliable and valid scale to ascertain the authentic happiness lev-
els of university students with an internal consistency of α = 0.84 (Sanli et al., 2019).

1.7.4  Harmonious passion

Harmonious passion was measured using the eight-item Passion Scale (Sigmunds-
son et al., 2020). Items were scored on a 5-point Likert scale from (1) not like me to 
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(5) very like me. Possible scores ranged from 8 to 40 with higher scores indicating a 
higher level of harmonious passion. Sample Item: ‘I have passion enough to become 
very good in the content of the online course’. The scale was developed to examine 
the concept of engagement in valued activities and is a reliable and valid scale to 
ascertain the passion levels of university students with an internal consistency of 
α = 0.86 (Sigmundsson et al., 2020).

1.7.5  Self‑regulation of learning

Students use of learning strategies was measured by a 16-item adapted version (see 
Johnson & Cooke, 2016) of the Motivated Strategies for Learning Questionnaire 
(Pintrich, 1991). Items were scored on a 7-point Likert scale from (1) not at all true 
of me to (5) very true of me. Possible scores ranged from 16 to 112 with higher 
scores indicating a higher level of self-regulation of learning. Sample Item: ‘When 
reading for the online courses, I make up questions to help focus my reading’. The 
MSLQ has been widely used to assess the self-regulation of learning in students 
(Credé & Phillips, 2011) and has demonstrated reliability and validity with inter-
nal consistency for each subscale ranging from α = 0.59 to 0.91 (Johnson & Cooke, 
2016).

1.7.6  Classroom community

Classroom community was measured by the 20-item classroom community scale 
(Rovai, 2002). Items were scored on a 5-point Likert scale from (1) strongly disa-
gree to (5) strongly agree. Possible scores ranged from 20 to 100 with higher scores 
indicating a greater sense of community. Sample item: ‘I do not feel a spirit of com-
munity in the online course’. The scale was developed to examine the concept of 
community in a learning environment and is a reliable and valid scale to ascertain 
the classroom community levels of university students with internal consistency for 
the subscale of connectedness, α = 0.92 and learning α = 0.87 (Rovai, 2002).

1.7.7  Conscientiousness

Trait conscientiousness was measured by the 10-item subscale of conscientious-
ness from the NEO-PI-R (Costa & McCrae, 2008). Items were scored on a 5-point 
Likert scale from (1) strongly disagree to (5) strongly agree. Possible scores ranged 
from 10 to 50, with higher scores indicating a higher level of trait conscientious-
ness. Sample item: ‘Make plans and stick to them’. The NEO-PI-R scale is widely 
used as a measure of personality traits and has demonstrated reliability and validity 
with internal consistency for the subscale of conscientiousness, α = 0.91 (Costa & 
McCrae, 2008).

1.7.8  COVID‑19 study interference

The possible challenges resulting from pandemic restrictions were constructed 
by combining four questions that were designed to meet the requirement of 
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unidimensionality (Sijtsma, 2009) in assessing the impact of COVID-19. They 
included previous online experience, physical study space, study distractions, and 
internet problems that a student experienced during pandemic restrictions. The indi-
vidual questions were scored on a 5-point Likert scale. For example, (1) I can study 
without distractions (5) There are too many distractions to study at home. Possible 
scores ranged from 4 to 20, with higher scores indicating a higher level of interfer-
ence. Sample item: ‘Select the statement that best represents the current amount of 
distractions that impact your study activities where you live during the COVID-19 
pandemic?’.

1.7.9  Students’ expectations of their future grades

Grades were predicted via self-efficacy of performance (Zimmerman & Bandura, 
1994). The items were ‘Select the highest grade that you feel you are most certain 
you could attain overall at the graduation of your degree?’ and ‘Select the highest 
grade that you feel you are most certain you could attain in your remaining online 
courses during the COVID-19 pandemic’. Expectancies were indicated via grade 
outcome percentages (50% or lower to 85% or higher). The results were converted 
into a scale resulting in a score reflecting the grade percentage level an individual 
feels capable of achieving for their degree overall and for courses completed during 
pandemic restrictions. A student’s expectation of their future grades was found to be 
the most precise of 50 typical predictors of grades in a meta-analysis of educational 
research (Richardson et al., 2012).

1.8  Procedure

The survey was available to be completed in the final three weeks of the 12-week 
semester that ran from February 2020 to June 2020. The home institution ceased 
face-to-face education on the 23rd of March after approximately 3 weeks of study. 
Thus, students had completed a minimum of 6 weeks of online study. Participants 
responded to advertisements that included a link to the online questionnaire via 
Qualtrics (https:// www. qualt rics. com/ au/). Participants were informed that the 
aim of the study was to investigate university students’ experience of the move to 
online curriculum delivery in response to enforceable physical distancing during 
the COVID-19 pandemic. Prior to commencement, informed consent was actively 
obtained via tick-box. Participants were subsequently provided with the question-
naires which took an average of 25 min to complete.

1.9  Statistical analyses

The model design of the three pathways was based on the reviewed literature, with 
analysis following suggestions by Kline (2011) to use parcels, “a total score across 
a set of homogeneous items each with a Likert-type scale. Parcels are generally 
treated as continuous variables” (p. 179). Results were considered significant at 
p < 0.05. Statistical Package for the Social Sciences (SPSS Version 26.0; IBM Corp, 

https://www.qualtrics.com/au/
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2017) program was used for all statistical analyses; structural equation modelling 
was conducted using IBM; Amos 26.0. in SPSS. Model fit was regarded as accept-
able if: the Normed Fit Index (NFI) ≥ 0.90 (Byrne, 1994) or 0.95 (Schumacker & 
Lomax, 2004); the Tucker Lewis index (TFI) ≥ 0.90 (Hoyle, 1995); the Comparative 
Fit Index (CFI) ≥ 0.93 (Byrne, 1994); RMSEA ≤ 0.08 (Browne & Crudeck, 1993) 
and ideally ≤ 0.05 (Steiger, 1990); the relative chi-square (χ2/df) is ≤ 2 (Kline, 2011; 
Tabachnick et al., 2007). AIC is a fit measure relative to the value of the saturated 
model; good fit occurs when the AIC is less than the saturated model (Burnham & 
Anderson, 1998).

2  Results

2.1  Preliminary analysis

Mean scores, standard deviations, and zero-order correlations between study vari-
ables are presented in Table 2. Students who perceived greater psychological need 
fulfilment of autonomy, relatedness, and competency reported significantly higher 
levels of technology acceptance, authentic happiness, harmonious passion, self-reg-
ulation of learning, classroom community, trait conscientiousness and grades. The 
four COVID-19 interference questions shared small positive correlations (r = .10 to 
.22) and were all negatively correlated with the outcome measure of expected aca-
demic grades (r = − .17 to − .22).

2.2  Assumptions

Of the original 328 survey responses, 99 cases were removed due to missing data. 
An analysis of standardised values of all variables revealed one univariate outlier fell 
outside the cut off (Maximum, Z > 3.29, Minimum, Z < − 3.29) which was removed. 
Multivariate outliers were assessed via Mahalanobis distance and interpreted via a 
χ2 distribution, with degrees of freedom equivalent to the number of independent 
variables in the regression (Tabachnick et al., 2007). Two multivariate outliers were 
removed due to a violation of the critical χ2 value (α = 0.001) of the structural mod-
els. Cook’s distance was below 0.85 for all cases (Cook & Weisberg, 1982). Consid-
ering the final sample (N = 226) in the context of the central limit theory (Wilcox, 
2010), the assumptions of normality for means-testing, and sample size for struc-
tural equation modelling were met (Field, 2018; Kline, 2011).

2.3  Main analysis

2.3.1  COVID‑19’s impact on grades

The incorporation of a self-report strategy allowed the overall impact of COVID-19 
on a student’s grades to be estimated via a paired sample t-test. The result from the 
questions ‘estimate what you believe your overall degree grade will be when you 
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finish all courses’ (M = 7.22, SD = 1.52) and ‘estimate what you expect to receive as 
a grade in the online courses during the COVID 19 pandemic’ (M = 5.91, SD = 2.02) 
demonstrate that the presence of pandemic restrictions resulted in a statistically sig-
nificant expected reduction, on average, of 6% of a student’s grade, t(225) = 12.50, 
p < .001, d = 0.73.

2.3.2  Group differences

A series of one-way between-groups ANOVA revealed no significant differences 
between the groups of method of study, campus, or year of study on the variables of 
COVID-19 interference or grades. However, differences were apparent based on age 
(i.e., comparing students under and over 25 years) and gender. First, older students 
(46%) reported less COVID-19 interference (M = 9.93, SD = 2.88) than younger 
students (M = 10.67, SD = 2.58), t(224) = 2.04, p = .042, g = 0.30. Second, older stu-
dents expected higher grades (M = 6.39, SD = 1.98) than younger students (M = 5.51, 
SD = 1.98), t(224) = - 3.32, p = .001, g = 0.44. Third, women (M = 10.67, SD = 2.69) 
reported significantly higher COVID19 interference than men (M = 9.23, SD = 2.65), 
t(224) = − 3.39, p = .001, g = 0.54. Specifically, for women (M = 2.97, SD = 1.07) 
study distraction caused by family or others in the home was significantly higher 
compared to men (M = 2.25, SD = 0.97), t(224) = − 4.367, p < .001, g = 0.69.

2.3.3  Structural equation modelling

2.4  Autonomy

The first model to be tested was the hypothesised autonomy pathway, as shown 
in Fig.  1, which was supported by all hypothesised connections being significant 
as shown in Fig.  4. The fit of the model was excellent, χ2/df = 1.587 (χ2 = 15.87, 
10 df), p = 0.104; CFI = 0.986, NFI = 0.965, TLI = 0.971, RMSEA = 0.051 (95% 
CI = 0.000–0.096), AIC = 51.87 (AIC saturated 56.00).

2.5  Relatedness

The model for the relatedness pathway (as shown in Fig. 2) was not supported by 
the data. After removing the non-significant hypothesised pathways (COVID-
19 Interference → Authentic Happiness and Authentic happiness → Classroom 
Community) as suggested by (Kline, 2011), the modification indices indicated 
the inclusion of a direct path from COVID-19 interference to grades. This modi-
fied model was supported by the data (as shown in Fig. 5 and had an excellent fit), 
χ2/df = 1.360 (χ2 = 13.60, 10 df), p = 0.192; CFI = 0.989, NFI = 0.962, TLI = 0.977, 
RMSEA = 0.040 (95% CI = 0.000–0.088), AIC = 49.60 (AIC saturated 56.00).
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Fig. 4  The Autonomy Pathway Model. Note Beta coefficients greater than β =  ± .3 are presented in bold 
lines and negative beta coefficients are presented as dashed lines. Biological sex, 1 = male, 2 = female. 
(Standardised solution; N = 226). *p < .05; **p < .01; ***p < .001

Fig. 5  The Relatedness Pathway Model. Note Beta coefficients greater than β =  ± .3 are presented in bold 
lines and negative beta coefficients are presented as dashed lines. Biological sex, 1 = male, 2 = female. 
(Standardised solution; N = 226). *p < .05; **p < .01; ***p < .001
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2.6  Competency

The model for the competency pathway as shown in Fig.  3 was supported by the 
data, although three connections were non-significant. After removing the non-
significant pathways (COVID-19 Interference → Harmonious Passion, COVID-
19 → Conscientiousness, and Passion → Grades), the final model, as shown in 
Fig.  6, had excellent fit, χ2/df = 1.600 (χ2 = 19.20, 12 df), p = .084; CFI = 0.980, 
NFI = 0.949, TLI = 0.964, RMSEA = 0.052 (95% CI = 0.000–0.093), AIC = 51.20 
(AIC saturated 56.00).

2.7  Integrated model

The final model to be tested was the combination of the three previous models; how-
ever, this did not have a good fit. The integrated model was improved by remov-
ing the non-significant pathways, and by using the modification indices in sev-
eral steps in line with the reviewed literature to ensure changes were theoretically 
sound, the final model is shown in Fig. 7. The integrated model had very good fit, 
χ2/df = 1.476 (χ2 = 72.32, 49 df), p = .017; CFI = 0.984, NFI = 0.953, TLI = 0.975, 
RMSEA = 0.046 (95% CI = 0.024–0.067), AIC = 156.32 (AIC saturated = 182.00).

The results suggest that 44% of the variance in students’ expectations of their 
future grades during COVID-19 restrictions is explained by the determinants of the 

Fig. 6  The Competency Pathway Model. Note Beta coefficients greater than β =  ± .3 are presented 
in bold lines and negative beta coefficients are presented as dashed lines. Biological sex, 1 = male, 
2 = female. (Standardised solution; N = 226). *p < .05; **p < .01; ***p < .001
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integrated model. Squared multiple correlations (R2) represent the proportion of 
total variance on a variable that is accounted for by the predictors and are presented 
in Table 3.

3  Discussion

The present study aimed to assess the role of three core psychological needs in the 
process of learning, specifically in the online learning environment and, even more 
specifically, under conditions that forced students into this mode of learning due to 
COVID-19 restrictions. These three learning pathways, each originating with one 
of SDT’s well-known basic psychological needs and integrating educational fac-
tors were aligned by fundamental theories of learning. The proposed pathways were 
then used to empirically test the relationship between psychological needs and edu-
cational factors to investigate how these determinates could explain course grades 
during the impact of COVID-19 and beyond. The results of the individual path-
way structural models support the hypotheses that relationships exist between the 

Fig. 7  The Integrated Pathway Model. Note Beta coefficients greater than β =  ± .3 are presented in bold, 
and negative beta coefficients are presented as dashed lines. Biological Sex, 1 = male, 2 = female. (Stand-
ardised solution; N = 226). *p < .05; **p < .01; ***p < .001
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concept of specific need fulfilment and pathways of educational factors (H1a, H2a, 
and H3a). The results of the integrated pathway model provided supporting evidence 
of a more complex interrelationship between a student’s basic psychological needs 
and the educational factors that typically predict course grades (H4). COVID-19’s 
negative relationship to expected grades was larger than trait conscientiousness’s 
positive relationship, COVID-19 primarily impacted the social and more vulnerable 
state type factors (partially supporting, H1b, H2b, and H3b). This pattern of results 
is consistent with the evidence from preliminary COVID-19 research in which stu-
dents repeatedly identified a lack of social interaction and a lack of appropriate skills 
as barriers to online learning (Aboagye et al., 2020; Anwar et al., 2020). Our find-
ings highlight that students who perceive their learning environment to fulfil their 
basic psychological needs may be more likely to be inspired to proactively engage in 
a wide range of educational factors that enhance the processes of learning.

3.1  Discrete pathways

The results of the three discrete pathways supported the hypothesised links between 
each of the individual psychological needs and educational factors, except for the 
proposed mediation effect of authentic happiness. This pattern of results is consist-
ent with the large volume of educational research previously reviewed. However, 
the purpose of this study was to gain a holistic understanding of the interrelated 
complexity of these educational factors within the expanding digital domain. To this 

Table 3  Squared Multiple correlations, Standardised Direct, Indirect, and Total Effects for the Predictor 
Variables, COVID-19 Interference, Basic Psychological Needs, and Educational Factors on Grades for 
the Integrated Structural Model

N = 226. Order of contribution to grades, 1 = largest contributor to grades, 12 = largest hindrance to 
grades. p < .05; **p < .01; ***p < .001

Predictors Standardised beta coefficients effects on grades

R2 Direct Indirect Total Order of contri-
bution to grades

COVID-19 interference (.09) – -.314 -.314 12
Autonomy (.60) – -.003 -.003 9
Relatedness (.11) – .225 .225 3
Competency (.52) .521*** .050 .572 1
Technology acceptance (.66) – .088 .088 8
Authentic happiness (.09) – .119 .119 7
Harmonious passion (.38) – .190 .190 4
Self-regulation of learning (.58) .183** - .183 5
Classroom community (.72) -.171* - -.171 11
Conscientiousness (.26) .258*** .037 .294 2
Age – .137 .137 6
Biological sex - -.073 -.073 10
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end, the integrated structural model fit superseded the discrete pathways enabling a 
real-world interpretation of educational data (Wrigley, 2019).

3.2  Integration of the discrete linear pathways

The integrated model provided empirical evidence of eight additional non-hypoth-
esised mediating relationships and was consistent with the presupposition that all 
learning begins with relatedness (Trespalacios & Uribe-Florez, 2020; Van Fleet, 
1979). Relatedness strongly predicted competency and mildly predicted autonomy. 
However, whereas previous research found competency to directly predict both har-
monious passion and trait conscientiousness (Ruiz-Alfonso & León, 2019; Traut-
wein et  al., 2009), the present study has shown these relationships may be medi-
ated by autonomy and technology acceptance. Competency demonstrated the most 
considerable relationship with grades, providing empirical support for the benefit of 
reciprocal determinism (Bandura, 1983). This idea is further supported by the find-
ings that demonstrate this phenomenon occurs cross-culturally (Williams & Wil-
liams, 2010) and in both adults and children (Talsma et al., 2018).

In the integrated model, autonomy did not predict academic success, possi-
bly because of a suppressor effect. A suppressor is defined as a third variable that 
increases or decreases the regression coefficient between the predictor and out-
come variable by its inclusion in a regression equation (Conger, 1974). Feasibly, 
the relationship between autonomy and grades has been suppressed by the class-
room community, which also predicted a negative effect on grades. Indeed, the over-
all suppression of both variables may be linked to the construct overlap (multicol-
linearity) between relatedness and classroom community (Ho, 2006), in which one 
predictor variable is utilising redundant information leading to unstable regression 
coefficient estimates (Raykov & Marcoulides, 2012). Therefore, a possibility exists 
that overlapping questions between the relatedness scale and classroom community 
subscale of connectedness subsumed the classroom community’s positive relation-
ship, which, in turn, suppressed autonomy. Thus, the direct regression coefficient 
between classroom community and grades should be treated with caution, particu-
larly as both autonomy and classroom community displayed positive correlations 
with grades. However, despite of a suppression effect, these results are consistent 
with Boydie (2020), who found no relationship between a classroom community and 
grades, and Beachboard et al.’s (2011) work that indicated relatedness to academics 
is more consequential to grades than a sense of community.

Continuing, the integrated model revealed that authentic happiness predicted 
harmonious passion and trait conscientiousness. Part of being authentically happy 
is congruence between desires and actions (Seligman & Csikszentmihalyi, 2000); 
therefore, the connection between authentic happiness and harmonious passion 
is logical. However, the logic behind the association between authentic happi-
ness and trait conscientiousness is not clear. The most compelling explanation for 
the current set of findings is that being authentically happy provides emotional 
resilience to the impact of phenomena such as COVID-19, a concept supported 
in the literature (Seligman et al., 2009; Yildirim & Belen, 2018) and aligns with 
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research examining neural imaging that indicates emotional distractions disrupt 
the neural circuitry involved in goal-directed processing (Blair et al., 2007).

Interestingly, in the reviewed research, Nikou and Economides (2017) found 
that autonomy strongly predicted technology acceptance, while Fathali and 
Okada (2018) found it was moderately predicted by competency. The integrated 
results were consistent with both studies but aligned more strongly with Fathali 
and Okada (2018). Moreover, whereas past researchers (Liaw & Huang, 2013) 
found that technology acceptance predicted self-regulation of learning, the inte-
grated model revealed harmonious passion may mediate this relationship. Find-
ings reduce the paucity of educational literature surrounding harmonious passion 
(Ruiz-Alfonso & León, 2016, 2019) by demonstrating the possibility that har-
monious passion may be a resilient motivational force that can predict students’ 
engagement of trait conscientiousness and self-regulation of learning. Evidence 
that harmonious passion predicts trait conscientiousness may be explained by the 
notion that trait conscientiousness may be stimulated by state-type factors (e.g., 
perseverance; Duckworth et al., 2007).

Consistent with the robust evidence supporting the influence of trait consci-
entiousness (e.g., Alkış & Temizel, 2018; Sorić et  al., 2017; Trapmann et  al., 
2007; Vedel, 2014) the results of the present study revealed a strong relationship 
with expected grades. Greater conscientiousness also predicted self-regulation of 
learning. Indeed, all paths led to self-regulation of learning; out of eight educa-
tional factors, four indirectly and three directly predicted self-regulation of learn-
ing. The present results are consistent with research demonstrating that the digi-
tal domain necessitates higher levels of self-regulation than traditional classroom 
settings (Inan et  al., 2017; Onah & Sinclair, 2017; Wandler & Imbriale, 2017). 
This finding may be explained by the idea that self-regulation of learning is a 
vital factor in psychological constructivism, optimally transforming new informa-
tion into personal knowledge.

Age was a protective factor against COVID-19’s interference and positively 
predicted authentic happiness and competency. These results are consistent with 
the claims that authentic happiness increases with age (Tanzer, 2019) and that 
being older increases self-efficacy beliefs (Huang, 2013). Therefore, younger 
individuals may have experienced higher levels of negative affect and perhaps a 
less concrete self-concept, which would explain their significantly lower expected 
course grades. So too, females experienced significantly higher levels of COVID-
19 interference than males, specifically, distractions from others in the home. The 
present results are consistent with Zhao et al.’s (2019) work that deals with the 
negative effect that gender role orientation may have in the workplace. However, 
in contrast to the effect of age, no sex difference was found in expected grades. 
This anomaly may be explained by females reporting higher levels of autonomy, 
and harmonious passion, which was also apparent in autonomous language learn-
ing (Varol & Yilmaz, 2010). The present study provides evidence to support the 
notion that females are more intrinsically motivated and passionate, resulting in a 
state of optimal functioning that is more resilient than males, which counterbal-
anced COVID-19’s impact.
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3.3  Real‑world implications

The integrated results support the long-held view that the transmission of informa-
tion hinges on inherent respect and trust between learner and academic (Van Fleet, 
1979). This effect has been demonstrated more recently in first-year undergraduate 
students. In their study, Ambikairajah et al. (2019) found that brief 2-min conversa-
tions between academics and students significantly improved student perception of 
academic support. The integrated model extends the educational literature by dem-
onstrating new mechanisms through which these positive relationships could fos-
ter learning throughout the complex pathways. For example, in the current study, 
relatedness directly predicted a student’s authentic happiness which, in turn, pre-
dicted educational factors not typically associated with social interaction, such as 
trait conscientiousness. The results also strongly imply that authentic happiness 
plays an important role in the processes of learning and supports the current trend 
of incorporating positive psychology into education (Dewaele et al., 2019; Norrish 
et al., 2013; Trask-Kerr et al., 2019). The finding that technology acceptance pre-
dicted harmonious passion was unexpected and demonstrated a unique motivational 
pathway. One interpretation of these findings is that as students use technology to 
acquire new information, it is a passion for the topic of study that increases the con-
scientious motivation to self-regulate learning. Thus, academics that are connected 
with their students and provide interesting and topical learning material are likely to 
inspire an autonomous and competent use of technology to increase passion and the 
conscientious use of strategies to construct personal knowledge.

The integrated results confirmed the stalwarts of educational research, that is, 
competency beliefs, trait conscientiousness, and self-regulation of learning were 
direct predictors of expectations of grades. Educational research supports the 
involvement of competency-beliefs in Bandura’s (1983) reciprocal determinism 
(Talsma et  al., 2018; Williams & Williams, 2010). The integrated results indicate 
that this bidirectional self-influence predicts academic grades at a magnitude double 
that of trait conscientiousness. Therefore, academics providing competency support 
can feel a renewed faith in the efficacy of the zone of proximal development as an 
educational tool in the expanding digital domain. Finally, it may be time to re-exam-
ine the preconceived notion that conscientiousness is a stable trait factor. Consist-
ent with Eisenberg et  al.’s (2014) work that demonstrated self-regulation skills to 
be a core component in the development of more trait conscientiousness, the inte-
grated model revealed harmonious passion might be the key to unlocking a student’s 
full conscientious potential. In sum, considering the discussed interrelationships, to 
assist students during COVID-19 and beyond, it is an academic’s relatedness to their 
students that may be the most influential factor in a student’s academic success.

3.4  Limitations and future research directions

Although strong theoretical support for the identified relationships, it is impor-
tant to understand that model fit represents possibility and not causality. The 
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self-report data this study relied upon may be vulnerable to common-method bias. 
Also, some students may have chosen to withdraw from studies during the pan-
demic, which may have resulted in a sample of determined students, or equally, a 
sample of students that had no other choice. The predictor variable COVID-19’s 
interference was based upon quantifiable physical environmental factors and is 
not a measure of negative affect or reduced wellbeing, which may range widely 
with an individual’s level of resilience and coping strategies. Although meet-
ing the assumptions of multicollinearity (VIF less than 5; Becker et  al., 2015), 
the use of the predictor variable of classroom community was questionable. The 
overlap between relatedness questions, such as ‘I feel connected with the people 
in the online courses who care for me, and for whom I care’ and classroom com-
munity questions, such as ‘I feel connected to others in the online courses’ should 
have been detected a priori to the investigation. A future research consideration 
may be that any effect from the development of a classroom community, like that 
of relatedness, is likely disseminated at the beginning of learning pathways. The 
strongest effect on grades can be explained by the theory of reciprocal determin-
ism. Bandura (1983) points out that behaviour is regulated by the afterword con-
tingency of an individual’s own actions, and this contingency is mutually derived 
from cognition, behaviour, and the environment. Future studies might adopt a 
longitudinal approach exploring students’ cognitions, behaviours, and learn-
ing environments with actual records of academic grades over time to ascertain 
educational factors and practices that may better create this state of positive and 
reciprocal self-influence. Despite these limitations, the current study uniquely 
contributes to the educational literature by providing a relatively comprehensive 
and theoretically driven model to explain how academics can enhance learning 
processes in the expanding digital domain.

4  Conclusion

Although COVID-19 is novel, there will always be change. Thus, research needs to 
determine proper ways to enhance students learning and inform pedagogical designs. 
The findings of this study have implications for academics working in the expanding 
digital domain by demonstrating the interrelated complexity between academic sup-
port of the core needs and educational factors in the processes of online student-cen-
tred learning. When academics implement supportive measures that fulfil a student’s 
psychological needs, it results in students being propelled by a feeling of related-
ness, becoming more autonomous and self-efficacious, thus, optimally functioning, 
and proactively engaging in a wide range of educational factors that follow complex, 
interrelated pathways to academic success.
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