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Abstract
This paper reconceptualised the interrelated learning con-
structs in higher education based on the Dynamic Systems 
Theory (DST). The university students' learning experience 
before, during and post the Emergency Online Learning 
(EOL) was investigated to explore the dynamic changes 
among the learning constructs in higher education. A case 
study of a Chinese university was conducted, and one hun-
dred and ninety-three university students participated in 
the questionnaire. The data collected from this empirical 
research identify different hierarchical constructs of the 
conceptualised learning environment and reconceptualise 
the period of system reformation influenced by the EOL. 
The key findings include the identifications of the attrac-
tors and repellors framed by the DST and the impact on 
the changes in the learning constructs. The results of this 
paper contribute to further understanding of the university 
constructs' changes to better plan and support students' 
active learning in higher education.
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1  | INTRODUC TION

The learning constructs are commonly used in higher education to provide a framework for teachers and students 
to enhance student's ability to evaluate their learning in more depth and improve their resilience and perseverance 
(Ali et al., 2019; Posthuma et al., 2017). The framework of learning constructs in higher education is comprehen-
sive as it involves understanding all the attributes, including university- and student-level constructs driven by 
diverse forces, contributing to the academic teaching process, students' learning experience and outcomes. Since 
the Coronavirus outbreak (COVID-19) in December 2019, most countries have responded to this community-
transmission virus with lockdown restrictions on people's movement to curtail the spread of the virus (Mgutshini 
et al., 2021). The restrictions, consequently, include the closure of face-to-face educational environments in uni-
versities, resulting in a temporary pause of all physical meetings or classes with students in campus classroom 
buildings. Lectures, examinations, seminars, and research meetings were moved to an emergency remote or online 
context, causing interruption to all academic activities and reassessing operating procedures in higher education.

Previous research literature has investigated the impact of influential factors of the pandemic on teaching and 
learning contexts at the university level. However, limited research has, in scope, explored the dynamic changes 
happening within the interacted learning constructs in higher education caused by Emergency Online Learning 
(EOL) during COVID and consequently after the pandemic.

Thus, this paper starts with using the Dynamic Systems Theory (DST) as the theoretical underpinning to un-
derstand the attractors and repellors in the learning constructs, with the goal of enhancing students learning 
experience and outcomes in a higher education context. Then the literature view of the theoretical context and 
current research on learning constructs was conducted to reconceptualise the multi-level learning constructs 
and frame the research questions. The research design of the case study of one Chinese university was shown, 
and 193 university students participated in investigating their learning experience and use of learning constructs 
before, during and after the EOL. This paper contributes to exploring the interrelated learning constructs in higher 
education and whether the interrelation has an impact on the student's learning outcomes.

2  | LITER ATURE RE VIE W

2.1 | The theoretical basis of this study: The dynamic systems theory (DST)

Most universities offer a structured range of teaching and learning facilities (predominantly face-to-face, online 
and blended learning) to enhance learners' academic performance and course satisfaction. However, emergency 
circumstances, such as the outbreak of the COVID-19 pandemic, require higher education institutions to recon-
sider how these facilities are offered. Such variations in offerings make dynamic changes to the learning environ-
ment, positively or negatively impacting the learning constructs in higher education. These changes are triggered 
by various forces inside and outside of the universities. Recently, Huber and Helm (2020) used Dynamic Systems 
Theory (DST) to review current and previous research regarding the learning process, and how they impact learn-
ing outcomes, including academic performance and learning satisfaction. Moreover, according to Cupit (2007), 
different from a linear system, dynamic systems adhere to their parameters and allow an agent (e.g., a university 
student) to develop sudden phase transitions from less functional to more stable learning habits and patterns. 
These are organised by attractors, and responsive to changes in a teaching and learning environment (e.g., EOL). 
Therefore, this study uses the DST, instead of a linear system theory, to investigate the transition process, includ-
ing changes by the attractors in higher education during the onset of the pandemic, to conceptualise the current 
learning constructs which support students to achieve learning goals and graduate successfully.

According to Schöner (2009), behavioural patterns in dynamic systems generally resist change and are stable. 
The face-to-face model of teaching and learning has been the predominant mode historically, with online learning 
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    |  3GENG et al.

only appearing as an alternative in the 1980s and 1990s and becoming more popular at the turn of the century 
(Castellanos-Reyes, 2020; Harasim, 2000; Mason, 2000). Kaplan and Garner (2017) explained that within dynamic 
systems, the ‘state of the system emerges on the basis of its previous state and will provide a basis for its next 
state’ (p. 2038). So, whilst online learning emerged as a possible teaching and learning platform, its form and func-
tion reflect the same objectives as face-to-face delivery. To expand on this point, according to Howe and Lewis 
(2005), the ‘behaviour of the system depends on its initial starting conditions and can change rapidly at first such 
that it may “overshoot” its eventual stable pattern or attractor, oscillate for a whilst, and finally arrive at a stable 
point’ (p. 249). These oscillations may manifest as repellors, which the system will self-organise away from (Kaplan 
& Garner, 2017) and, therefore, not be part of the system moving forward. Be it face-to-face, online or hybrid 
learning, the optimal relationship between these forms of learning creates attractors (Cupit, 2007) for the system 
to develop common states of behaviour and provide a level of stability. Hence, universities globally have been 
creating preferred systems upon which teaching and learning are facilitated through the process of understanding 
attractors and repellors within university-student level system constructs. However, the advent of the pandemic 
acted as a driving force (Howe & Lewis, 2005) for universities and students globally, initiating a period of instability 
for the system.

Within this study, DST had a great influence on our thinking among different hierarchical constructs of the con-
ceptualised learning environment and the period of reformation during the pandemic (Newman & Newman, 2020; 
Schermerhorn & Cummings, 2008). Smith (2005) investigated how to examine complex questions whilst discuss-
ing the parts and the whole in the principles of dynamic systems. Granic (2000) also used this theory to develop 
a framework for research about the family's influence on children's development. Whilst this theory is ideal for 
investigating children's learning and development (Spencer, 2009) as dynamic systems (i.e., family and education 
contexts); the same logic translates that DST can be applied and used as a theoretical underpinning to understand 
university students' transitional teaching and learning process during the COVID pandemic. The reason behind 
this lies in that the theory aims to address the process of learning rather than the outcomes of change and de-
velopment (Newman & Newman, 2020; Thelen et al., 1991). Newman and Newman (2020) commented that the 
dynamic systems theory's main contributions are related to facilitating the examinations of the overall patterns of 
change, being stabilisation, destabilisation and self-regulation. In summary, it is important to reiterate that univer-
sities are generally stable systems, albeit complex and dynamic.

2.2 | Current research on learning constructs in higher education

Previous research has studied parameters that influence university students learning constructs at two levels: 
university-level and student-level. In university-level constructs, much research has been focused on univer-
sity infrastructure in the areas of ICT infrastructure and the provision of various learning resources in teach-
ers' and students' navigations, evaluation and applications. For example, Perrotta  (2021) recently studied a 
learning analytics Application Programming Interface as a learning management system. Other researchers, 
such as Decuypere and Landri  (2021) and Hartong  (2021), examined the spreading of digital platforms and 
the development of big data infrastructures in educational research. Other than the infrastructure, academic 
knowledge and teaching approaches (including curriculum knowledge, planning, and appropriate assessment 
strategies) and communicative strategies have also been studied. Farr-Wharton et al. (2018) studied the attri-
tion of 363 university students to investigate the impact of the lecturer-student relationship on students' en-
gagement, course satisfaction and achievement. Recent research also includes a report on an empirical study 
of academics' perspectives on the concept of ‘teaching excellence in higher education’ (Wood & Su, 2017); 
and Xiao and Wilkins (2015) studied 24 lecturers and 456 students in one university to examine the effects of 
lecturer commitment on student perceptions on teaching quality and student satisfaction. In addition, Sambell 
et al.  (2013) wrote a book about how to develop assessments in higher education. Such studies provided 
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4  |    GENG et al.

insight into the current focus in higher education on the need to consider teaching and its impact on student 
experience within university-level constructs.

Research has also examined the student-level constructs. Nicholson et al. (2013) identified student motiva-
tion and realistic expectations as keys for undergraduate students' successful achievement in their studies. Hong 
et al. (2021) also found students' critical attitude can positively impact their learning engagement within their crit-
ical thinking processes. In 2013, Macaskill and Denovan developed an intervention to help autonomous learning 
in first-year university students via positive psychological perspectives, leading high level of learning enjoyment. 
Much of this research is very specific in nature and detailed learning approaches and learning styles within specific 
areas of study. Liu and Hou (2021) designed a multidisciplinary teaching method within a clinical situation for nurs-
ing students. They studied the effect of multidisciplinary teaching on learning satisfaction and self-confidence 
in their learning performance and found that multidisciplinary teaching should be promoted in nursing teaching. 
Wang et al. (2018) studied that science students' learning efficacy should be comprised of different aspects from 
cognitive skills, practical work and everyday application.

3  | RECONCEPTUALISE THE LE ARNING CONSTRUC TS IN HIGHER 
EDUC ATION AND THE DE VELOPMENT OF RESE ARCH QUESTIONS

3.1 | Emergency online learning (EOL)

Prior to the pandemic, many universities were still relying on traditional teaching and learning methods, with 
limited engagement in the online or blended learning space. However, during the pandemic, universities had to 
respond quickly to the closure of onsite facilities and needed to analyse traditional forms of teaching and learn to 
adapt to this emerging crisis. This resulted in lectures and tutorials needing to be swiftly moved to e-forms with 
various information technology methods: Emergency Online Learning (EOL). For example, lecturers delivered 
classes via online delivery forms rather than the traditional classroom format (Rapanta et al., 2020). Although the 
online learning platform has gained acceptance in higher education in previous years (Bouilheres et al., 2020), it 
was considered an “emergency” movement necessitated by the pandemic.

Nevertheless, the transition from more traditional approaches to an emergency online approach within higher 
education has been challenging for students and teachers (David et al., 2018; Jin et al., 2021). Lee et al. (2022), for 
example, conducted a systematic analysis of university teaching activities during the pandemic and highlighted 
the complex factors underpinning individual academics' experiences from the academic perspective. Flores 
et al. (2021) also studied higher education students in Portuguese adaption to online teaching and learning after 
the closure of the institution.

These studies emphasised that this quick movement has caused some concerns among academics and stu-
dents. The concerns include (a) the lack of professional training to make the best use of the technologies in EOL 
for lecturers' teaching and students' learning, (b) the quality of teaching and learning in EOL (He & Yang, 2021), 
and (c) the impact on social practice in teaching (Kovacs et al., 2022). Thus, questions emerge, such as how to 
keep students engaged in the online teaching and learning context during and post the pandemic and whether the 
combination of traditional and online methods (Ifijeh & Yusuf, 2020), i.e., hybrid learning, is indeed appropriate for 
quality higher education outcomes.

3.2 | Reconceptualise the learning constructs with EOL as the driving force

There exists a solid body of literature researching online learning and teaching approaches, with several theo-
ries and models having been established to support the planning and instructional design (Oliveira et al., 2021). 
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    |  5GENG et al.

However, established models or methods do not conceptualise the emergency or ad-hoc change to online learn-
ing necessitated by the pandemic. Whilst the pandemic did not change the physical infrastructure of universities, 
it has played a significant role in disrupting the traditional teaching and learning method as an external factor 
(Adedoyin & Soykan, 2020; Almusharraf & Bailey, 2021). Marinoni et al. (2020) reported that 91% of higher edu-
cation institutions worldwide had replaced their in-person teaching (or were in the process of being replaced) 
with remote activities. Adedoyin and Soykan (2020) further commented there are concerns about the absence 
of adequate planning, designing, development, and delivery of the courses. Hodges et al. (2020) pointed out that 
the background reasons for these concerns come from the differences between “the normal and everyday type 
of effective online learning” and “the rushed and emergency unprepared online learning”. Moreover, Mohmmed 
et al. (2020) described the rushed use of any available remote teaching tools or educational materials that were 
used in normal online and hybrid learning environments without consideration of learners' needs when articulat-
ing from traditional to online learning.

Currently, the available research on student experience within an online learning environment has focussed on 
student experience during the pandemic (e.g., Adedoyin & Soykan, 2020; Jojoa et al., 2021; Oliveira et al., 2021; 
Yan et al., 2021). In addition, there remains very limited research that investigates student experience before, 
during and after the EOL. This driving force forms the external constructs of the learning context in higher educa-
tion; it will be interesting to examine how universities reflect a balance of attractors and repellors between student-
level and university-level constructs. Thus, this study evaluated the internal constructs in higher education with 
the driving force from the external constructs, i.e., EOL, to develop a framework of how dynamic systems of learn-
ing constructs attract each other before, during and after the EOL. Figure 1 shows the conceptualised framework 
of learning constructs in higher education with the external impact of the EOL. Moreover, the importance of the 
paper lies in analysing this reconceptualised framework with the driving force before, during and after the EOL. 
Particularly, the attractors from the driving force need to be studied to investigate the impact of the driving force 
in the reconceptualised framework.

3.3 | Development of research questions

Based on the theoretical learning of the DST and the current studies of learning constructs in higher education, 
this study reconceptualised learning constructs using EOL as the driving force. However, there is a need to investi-
gate the attractors and repellors within the framework. Particularly, the impact of the driving force on the student-
level and university-level constructs is to be explored. Therefore, two research questions have been developed 
in this study:

1.	 Within the underpinning of DST, did the EOL (driving force) cause observable patterns of the impact on 
teaching and learning over the transition period (i.e., before, during and after EOL)?

2.	 What were the attractors and repellors among the two levels of learning constructs (student and university), 
and how are the interacted relationships within each learning construct impacted by the attractors and/or 
repellors?

4  | METHODS

Surveys can be used to acquire information from the participant(s) about their opinion, characteristics, attitudes 
or prior experience (Authors, 2014; Leedy et al., 2016). In this study, a questionnaire survey was administered 
among 193 university students in one university in Southeast China. Quantitative data were collected through 
closed questions, and qualitative data were collected by open-ended questions in the questionnaire. This research 
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6  |    GENG et al.

obtained ethical approval from the participating university in September 2020, and consent was obtained from 
the participating students.

4.1 | Research context

Due to the nature of the pandemic, it was an unforeseen event and there was no potential to foresee the arrange-
ment of the research design before, during and after EOL, rather enacted post the event. This section introduces 
the research context of using a Chinese university as a case study, as this university went through the transi-
tion from the traditional face-to-face teaching mode to EOL (owing to the COVID lockdown restrictions) from 
February to July 2020 and then to a mixed-mode delivery from October 2020. In detail, the researchers invited 
the participating students to reflect on their experience before, during and after the EOL to demonstrate the 
“lived experience” throughout the pandemic. Although universities across the world are going through the stages 
of before, during and after EOL, this paper provides a purposeful case study of one university during this dynamic 
transition period.

4.2 | Participants

Participants from a university in the Southern East area of China were invited to participate in this study, and 
one hundred and ninety-three students completed the survey. Of the 193 participants, 35 (18.13%) were male 

F I G U R E  1 Reconceptualised university learning constructs.

University - level 
constructs

ICT infrastructure
Provision of learning resources

communica�on strategies

Student-level 
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Learning Engagement
Academic Achievement

Learning Enjoyment
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Emergency Online 

Learning (EOL)

attractors 

repellors 

 

repellors 

 

attractors 

 14682273, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hequ.12427 by A

ustralian C
atholic U

niversity L
ibrary - E

lectronic R
esources, W

iley O
nline L

ibrary on [08/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  7GENG et al.

students, and 158 (81.87%) were female students. The participating students used face-to-face learning modes 
before EOL, although most of them had access to online learning prior to university studies. They then were 
studying through EOL during the pandemic, and now studying through the hybrid learning (face-to-face and on-
line) mode.

The participating students were from the School of Education, majoring in STEM (including mathematics, sci-
ence and technology studies), Humanities and social science (including ideological studies, Chinese, and English 
language education), and the Arts and PE (including Music Education and Health and PE). Table 1 shows the par-
ticipating students' disciplines.

The participants' age range was from 18 to 30 years old, with 54.90% being 21–25, 43.50% being 18–20, and 
1.60% being 26–30 years. Of the 193 participants, there were 163 (84.46%) studying undergraduate degrees, and 
30 (15.54%) studying postgraduate degrees.

4.3 | Instruments

In this study, the survey was developed based on the tool developed by Nininger and Abbott  (2019). There 
were five sections in the survey, being (1) Participants' opinions towards their learning enjoyment level be-
fore, during and after EOL; (2) Participants' self-perceived academic achievement or outcome before, dur-
ing and after EOL; (3) Participants' learning engagement level before, during and after EOL; (4) Participant's 
learning experience with the infrastructure provided by the university, the resources using experience and 
communicative strategies they used before, during and after EOL, and (5) open-ended questions about the 
participants' opinions of their learning context. In Section  1, students were asked to rate their enjoyment 
from 1, the lowest, to 5, the highest. The university's ethics committee suggested the researchers invite the 
participants to self-rate their academic achievement in Section 2, instead of using their actual learning grades. 
In Section 3, the participants were invited to rank their engagement levels into three categories (low, medium 
and high) across six engagement areas: Concentration, energy, creativity, persistence, precision and satisfac-
tion. Section 4 asked the participants to provide their opinions on the learning constructs across the univer-
sity level, including their use of digital infrastructure, locating, interpreting, evaluating and applying learning 
resources provided by the university, and communicative strategies. The participants were asked to answer all 
four sections of questions before, during and after EOL periods. In Section 5, the participants were provided 
opportunities to discuss their specific learning experiences and identify the strategies they found useful, par-
ticularly after the EOL period.

Before the instrument was administered to the 193 participants, it was tested for the use of wording and 
appropriateness. Five PhD students who studied full-time at the university were used to test the research in-
strument of the survey. The students were chosen because they had an online learning experience and research 
experience as well. The five students were asked to go through the instrument individually and carefully to ensure 
there were no misspellings or misunderstandings. All five students indicated they believed this instrument was 
satisfactory in September 2020. The test took approximately 20 min each in duration.

TA B L E  1 Participating students in different disciplines in the School of Education.

Major n Percentage

STEM 82 42.49

Humanities and social science 78 40.41

Arts and PE 33 17.10

Note: N = 193.
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8  |    GENG et al.

4.4 | Procedure

With the ethics approval, consent was obtained first from the teaching staff. With the assistance of the teaching 
staff, the information sheet and consent forms were provided to the participants before the survey. Consent was 
then obtained successfully from the participants. The questionnaire survey was then administered in hard copy 
and handed out to the participants with the assistance of the teaching staff from October to December 2020.

4.5 | Data analysis

Both quantitative and qualitative analyses were used in this study. All the written answers to quantitative data 
were transcribed and entered into the Statistical Package for Social Science (SPSS) Version 27.0. In detail, fre-
quencies and descriptions were used to present the means and standard deviations of the participants' learning 
engagement, enjoyment and perceived learning outcomes before, during and after EOL first. Boxplots were also 
used to demonstrate the means and standard deviations of their learning engagement, enjoyment and learning 
outcomes across their year level of studying and their disciplines. Then the Friedman Test was used to analyse 
the interacted relationships within the student-level and university-level constructs before, during and after EOL. 
Pearson Correlation was next used to investigate the relationships of the attractors between the two levels of 
learning constructs before, during and after EOL periods. Wilcoxon Signed-Rank test was also used to determine 
whether the differences were significant among the parameters within the learning constructs. Scatter plots were 
used to present the difference in the interacted relationships to find the patterns of the impact on teaching and 
learning before, during and after EOL. The alpha level as a significance criterion was set as .05.

In terms of the qualitative data, themes were categorised and defined from the participant's responses to the 
open-ended questions. During the coding process, researchers met on a regular basis to compare coding and discuss 
key themes drawn from the transcripts. The researchers used the analysis proceeding by visiting and revisiting the 
data and connecting them with in-depth and emerging insights and consequently leading to a focused understanding 
of categories and themes. Moreover, they actively self-reported their potential biases (Johnson & Christensen, 2014). 
Three cycles of data process (Alase, 2017) were in data coding by inductively quantifying and collecting common 
themes and grouping more basic themes into keywords or phrases. In detail, the researchers first coded the quali-
tative texts related to the internal and external parameters, by carefully quantifying the themes. Then in the second 
coding cycle, more detailed attention was paid to the keywords or phrases to identify the themes into four categories 
of personal interactions with others, use of self-efficacy, time management and technology impact on learning out-
comes, related to the literature. Interweaving relationships were identified in the third cycle to develop the frame-
work and investigate new knowledge. In addition, certain codes were compared, refined and validated by comparing 
analytical insights from different researcher perspectives. The frequency tables were used to present the categorised 
themes. Moreover, the themes from the open-ended questions were then also used to testify to the validity of the 
impact of the driving force (EOL) on the attractors and/or repellors of the framework.

5  | FINDINGS

5.1 | Student–level constructs

5.1.1 | Enjoyment of learning

Table 2 presents the participants' enjoyment of learning before, during and after EOL. A Friedman test was run, and it 
was found there was a significant difference in the enjoyment of learning before, during and after EOL, X2(2) = 6.51, 
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    |  9GENG et al.

p = .04. The following Wilcoxon Signed-ranked test showed the enjoyment of learning was significantly lower during 
EOL than either before EOL, Z = −2.57, p = .01, or after EOL, Z = −2.07, p = .04. Wilcoson Signed-ranked test showed 
no significant difference of enjoyment of learning before and after EOL, Z = −0.34, p = .74.

5.1.2 | Self-perceived academic achievement

Table 3 shows the participants' self-perceived academic achievement before, during and after EOL.
Although the participants' self-perceived academic achievement has been rated lower during and after EOL, 

than before EOL, their lower rates were not significantly different from each other, X2(2) = 1.30, p = .52.

5.1.3 | Engagement of learning

Table 4 presents the means and standard deviations of the six areas of engagement of learning before, during and 
after EOL, which are concentration, energy, creativity, persistence, precision and satisfaction.

Friedman test was run, and it was found the participating students showed significantly lower engagement 
during EOL, including concentration, energy, creativity, persistence, precision and satisfaction than before EOL 
(see Table 5). When it was after EOL, their engagement levels returned similar to the levels before EOL across all 
six areas.

TA B L E  2 Enjoyment of learning (before, during and after EOL).

Skewness Kurtosis Maximum Minimum Mean SD N

Before EOL −0.84 0.52 5 2 3.67 0.71 193

During EOL −0.56 −0.52 5 1 3.45 1.04 193

After EOL −1.02 0.51 5 1 3.66 1.05 192

Note: 1 = do not like it at all, 2 = dislike it, 3 = neutral, 4 = like it, and 5 = like it very much.

TA B L E  3 Self-perceived academic achievement (before, during and after EOL).

Skewness Kurtosis Maximum Minimum Mean SD N

Before EOL −0.07 −0.32 5 1 3.24 0.94 190

During EOL <−0.01 −0.22 5 1 3.17 0.96 184

After EOL −0.04 0.10 5 1 3.16 0.89 182

Note: 1 = Well below average, 2 = below average, 3 = average, 4 = above average, and 5 = well above average.

TA B L E  4 Means and SD of the six engagement areas before, during and after EOL.

Concentration Energy Creativity Persistence Precision Satisfaction

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Before EOL 2.17 0.55 2.28 0.62 1.99 0.62 2.26 0.64 2.13 0.59 2.10 0.57

During EOL 1.64 0.66 1.80 0.70 1.79 0.65 1.80 0.67 1.78 0.65 1.70 0.64

After EOL 2.17 0.60 2.31 0.59 2.03 0.59 2.24 0.59 2.11 0.57 2.05 0.58

Note: 1 = low, 2 = medium, 3 = high.
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10  |    GENG et al.

A new variable, “Engagement” was created by adding the values of the six areas and then dividing them by 
three. When it was after EOL, their engagement levels returned similar to the levels before EOL, X2(2) = 98.02, 
p < .001.

5.2 | University-level constructs

5.2.1 | ICT infrastructure

The participants showed their satisfaction and confidence in using the ICT infrastructures provided by the univer-
sity, mean = 3.72, SD = 0.83 (before EOL), mean = 3.95, SD = 0.73 (during EOL), and mean = 4.06, SD = 0.64 (after 
EOL). A Friedman test was run, and it was found their satisfaction and confidence in using ICT infrastructure had 
been significantly improved from before EOL, during EOL and after EOL, X2(2) = 48.37, p < .001.

5.2.2 | Learning resources

The participants were asked to rate their user experience in locating learning resources, thoroughly interpreting 
learning resources, evaluating, organising and synthesising learning resources and applying learning resources to 
form their own opinions. The means and SDs are provided in Table 6.

Friedman test was undertaken, and it was found the participating students showed significantly higher confi-
dence in using learning resources across the areas (locating, interpreting, evaluating and applying) during EOL and 
highest after EOL than before EOL (see Table 7).

A new variable, “Learning resources”, was created by adding the values of the four areas and then dividing 
them by four. It was found using the Friedman test that there was a significant difference before EOL, during EOL 
and after EOL, X2(2) = 73.03, p < .001.

5.2.3 | Communication strategies

The participants were asked to rate their experience in using communicative strategies provided by the university 
they used to communicate with their lecturers/teachers and peers. The means and SDs are provided in Table 8. 
Friedman test was also used, and it was found students' confidence in using communicative strategies provided 
by the university is significantly higher during and after EOL than before EOL, X2(2) (with their lecturers/teach-
ers) = 45.79, p < .001; and X2(2) (with their peers) = 50.18, p < .001.

TA B L E  5 Learning engagement levels across six areas before, during and after EOL.

Before EOL/during EOL/after EOL

X2(2) p

Concentration 117.88 <.001

Energy 92.03 <.001

Creativity 31.61 <.001

Persistence 72.45 <.001

Precision 56.60 <.001

Satisfaction 62.58 <.001
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    |  11GENG et al.

5.3 | Interrelated relationship between the student-level constructs and university-
level constructs

The section presents the dynamic changes made from the interrelated relationships between student-level con-
structs and university-level constructs before, during and after EOL.

Figure  2 shows the comparison among the correlations between students' learning engagement and 
university-level constructs before, during and after EOL. It shows although the correlations were not signif-
icant across before, during and after EOL, indicating participating students' learning engagement has limited 
relationships with university-level constructs. However, it was also found that the participants' engagement 
level had a higher correlation during EOL than before EOL, and the higher correlation extended to after EOL, 
p = .05.

Figure 3 also shows the comparison among the correlations between students' academic achievement and 
university-level constructs before, during and after EOL. It was also found the participants' academic achievement 
had a significantly higher correlation during EOL and after EOL than before EOL, p = .01.

It was found in Figure 4 that the participants' learning enjoyment levels had higher correlations during EOL and 
after EOL than before EOL, p = .04.

In order to develop a dynamic systems model among learning constructs in higher education, correlations have 
been used to evaluate the relationships among the three constructs at the student levels and three constructs 

TA B L E  6 Means and SDs of learning resources provided by the university.

Locating Interpreting Evaluating Applying

Mean SD Mean SD Mean SD Mean SD

Before EOL 3.76 0.83 3.04 0.88 3.28 0.88 3.15 0.90

During EOL 3.98 0.72 3.37 0.86 3.60 0.65 3.42 0.84

After EOL 4.03 0.68 3.50 0.88 3.65 0.84 3.46 0.84

Note: 1 = lowest, 5 = highest.

TA B L E  7 Confidence in using learning resources before, during and after EOL.

Before EOL/during EOL/after EOL

X2(2) p

Locating 26.14 <.001

Interpreting 67.92 <.001

Evaluating 43.79 <.001

Applying 26.38 <.001

TA B L E  8 Means and SDs of communicative strategies provided by the university.

With their lecturers/teachers With peers

Mean SD Mean SD

Before EOL 3.51 0.94 3.72 0.84

During EOL 3.84 0.86 4.01 0.76

After EOL 3.85 0.90 4.03 0.76

Note: 1 = lowest, 5 = highest.
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12  |    GENG et al.

F I G U R E  2 Correlations between students' learning engagement and university-level constructs.
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    |  13GENG et al.

F I G U R E  3 Correlations between students' academic achievement and university-level constructs.
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F I G U R E  4 Correlations between students' learning enjoyment and university-level constructs.
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    |  15GENG et al.

at the university levels. Figure 5 presents the overview of the correlations between the two learning constructs 
with the driving force of EOL, and r values are shown before, during and after EOL. It was found the relationship 
between the student-level constructs and university-level constructs has higher positive correlations during and 
after EOL than before EOL, p < .01.

F I G U R E  5 Overview of learning constructs in higher education. (a) BE = Before EOL, DE = During EOL, and 
AE = After EOL; (b) *p < .01.
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16  |    GENG et al.

The students were also asked to provide feedback on their experience during and after EOL, and the open-
ended answers were categorised into the following table (Table 9). The four categories of feedback include per-
sonal interactions, self-efficacy and time management strategies, which are the student-level learning constructs, 
and technology improvement, which belong to the university-level learning constructs. The feedback was used to 
reinforce and capture other repellors and attractors that have impacted the students' learning experiences. Table 9 
shows the majority (more than 90%) of the participants viewed personal interactions with others played a signif-
icant component towards a positive learning experience. More than half (64.24%) of the participants reinforced 
the importance of self-efficacy. Further, time management and technology facilities also impact the university 
students' learning experience.

6  | DISCUSSION

This paper investigated the student-level and university-level learning constructs with the driving force from the 
EOL. A Chinese university was case studied due to the availability of observation of university and student-level 
constructs that had been through the collective process of EOL and returned to an adapted hybrid learning en-
vironment after EOL. The present paper framed these constructs as a dynamic system whereby the system had 
been thrown into instability by the driving force of EOL. This section discusses the findings in relation to the two 
research questions related to (a) the observable patterns of the impact of the EOL as a driving force on the inter-
acted relationships among the learning constructs on teaching and learning before, during and after EOL, and (b) 
the attractors and repellors on the learning constructs to enhance students' learning experience.

TA B L E  9 Feedback on learning experience during EOL.

Feedbacks Number/percentage Examples

Lack of personal 
interactions 
with others

175 (90.67%) We should have more interactive classes, not just watching 
recorded videos. I also think teachers also had limited 
evaluation of their student's learning process

Online learning should be done through more interactions; 
although we know how to use different ICT tools, there are 
really limited opportunities for us to talk or communicate with 
each other

Studying should not be a task for one alone

There should be more synchronous teaching and no more 
recordings

High dependence 
on self-efficacy

124 (64.24%) There is limited monitoring of our learning process, and we will 
mainly rely on ourselves to learn. For any students who do not 
have good self-efficacy, their learning will not be successful

Sometimes it was challenging to focus on learning, and online 
learning required a lot of time to focus on myself

I can concentrate on my studying without being disturbed

Time management 54 (27.98%) I found it difficult sometimes to get used to completing an online 
task within the timeline

Assessments feedbacks need to be returned within a reasonable 
timeline to ensure continuous studying

Technology 
improvement

31 (16.06%) I hope the video analysis technologies can solve the problem of 
not being able to meet my teachers during my learning

The length of the recorded classes can be improved, and the 
content can be more engaging
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    |  17GENG et al.

6.1 | Observable patterns of the impact of the EOL among the learning constructs

Many students showed a lower degree of enjoyment during EOL than before EOL, but it improved after hybrid 
learning was introduced. Additionally, although the participating students showed a high level of confidence in 
communicative strategies with lecturers and peers during and after EOL, they demonstrated significantly lower 
learning engagement levels during EOL than before and after EOL. Their further comments include a lack of in-
teractions with their lecturers. This is a significant concern for online learning as the sole form of teaching and 
learning in higher education during EOL. Learning engagement is a vital component in learning, as Farr-Wharton 
et al.'s (2018) found that the lecturer-student relationship has a significant impact on students' engagement and 
course satisfaction. University students' engagement levels are closely related to university lecturers' teaching 
quality and teaching competencies (Wood & Su, 2017), no matter in face-to-face learning before EOL, emergency 
online learning during EOL or hybrid learning after EOL. Correspondingly, if students are dissatisfied with the level 
of engagement in online learning, eventually, the system of higher education will self-organise based on feedback 
received. Consequently, the university-level constructs, that are aimed at providing platforms for online learning 
will need to investigate ways to enhance engagement and communication in the online context or consider using 
hybrid modes of delivery.

This study also found that the participating students had similar self-perceived academic achievements before, 
during and after EOL, indicating the change in learning contexts, such as EOL, did not have a significant impact on 
their academic learning outcomes. It can be related to the parameters at the student level, such as the students' 
self-confidence and critical attitude, because they positively influence the cognitive dimension of their learning 
experience (Hong et al., 2021). This means if students can study with similar self-confidence and learning attitudes 
in different contexts at university, they could still find ways to achieve their learning goals successfully. Thus, 
despite the instability in part of the system impacted by EOL, the factors of self-confidence and attitudes at the 
student level remain the same and resist individual change.

6.2 | Attractors and repellors on the changes within the learning constructs

The relationships of the learning constructs are investigated to explore the attractors and repellors that supported 
or disrupted the stability of the system during the pandemic and out of it. In terms of the learning constructs at 
the university level, there were strong positive corrections between the ICT infrastructure and other parameters, 
i.e., communication strategies and provision of learning resources before, during and after the EOL. This finding 
indicates many universities have already started developing their ICT infrastructures before the pandemic outbreak 
(Decuypere & Landri, 2021; Hartong, 2021; Perrotta, 2021). Therefore, participating students had prior experience 
in online learning environments, reflecting their high level of personal digital capabilities and experience in using 
ICT infrastructure and learning resources provided by the university. However, it was also found from the students' 
text comments that technologies are still needing to be improved to help the students engage with the content and 
allow for more interactive and communicative opportunities instead of the use of pre-recorded lectures.

When considering the student-level construct, it was found that students' engagement has a positive correla-
tion with their learning experience. However, the low levels of engagement and enjoyment during EOL, especially 
the lack of communication between lecturer and students, would suggest they are major repellors for the sys-
tem. Nevertheless, it was also found the participants' learning experience did not have a correlation with their 
academic performance before, during and after the EOL, which acts as an attractor of stability for participants' 
academic achievements.

With consideration of all the parameters among the learning constructs on the student's learning experi-
ence, attractors and repellors have been identified for the success of the dynamic system. The attractors include 
students' and universities' readiness to adapt to transitions quickly to achieve successful learning experiences 
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18  |    GENG et al.

and academic performance. The identified repellors include the lack of communicative opportunities and limited 
technology provision. They need to be investigated and developed into appropriate attractors that support system 
stability for lecturers and students when engaging in an online or hybrid learning environment and reach higher 
confidence in their academic achievement after EOL.

7  | CONCLUSION AND FUTURE STUDY

This paper investigated the learning constructs in higher education as a dynamic system and reconceptualised the 
learning constructs with the driving force of EOL. This study makes a major contribution to understanding the at-
tractors and repellors of the dynamic systems with the driving force on the student-level and university-level learn-
ing constructs in the current university environment. The researchers found a dynamic relationship between the 
university-level and student-level constructs. It was also found EOL has had a significant impact on the learning 
constructs, although students' self-efficacy and self-confidence in their academic achievement stayed similar no 
matter if they were going through EOL or not. The attractors include both students and the university's readiness 
to adapting the transition quickly. The participating students' needs to have interactions with their lecturers and 
peers were found to be the repellors among the learning constructs.

The limitations of this study lie in that the study was only conducted in one Chinese university, and only 
education students participated in this study. With most universities coming out of the EOL, further studies 
should be conducted among other universities in more countries. Moreover, this study only included students' 
self-perceived academic achievements. Although the study shows the students' self-confidence and self-efficacy 
levels, it does not represent the students' actual learning outcomes or academic performance. Therefore, an eval-
uation of students' actual academic results would support deeper insights into the relationship between students' 
learning experiences and academic outcomes. Whilst driving forces for change, such as the COVID-19 pandemic, 
aren't expected, they have provided opportunities for both universities and students to re-evaluate learning in 
future. This study can be useful in helping both universities, and students themselves, to prepare for a satisfactory 
learning experience and better academic performance and achievement.
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