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ABSTRACT
Background to the Study: As fully online postgraduate programmes expand, questions remain regarding whether sufficient 
student engagement is achieved and how such sufficiency can be measured. This study examined the types and levels of engage-
ment within a fully online postgraduate module and explored how engagement can be operationalised using learning manage-
ment system (LMS) analytics.
Objective: To explore whether there is sufficient student engagement in an online module, and the types and levels of online 
engagement.
Methods: A quantitative single-case study analysed LMS trace data from 773 students. Data were analysed using the Online 
Engagement Framework and Moore's interaction typology. Engagement was operationalised using four behavioural indica-
tors: submissions, interactions, time-on-platform and Grade Center access. Cluster analysis was applied to identify engagement 
profiles.
Results: Findings indicate high levels of social, cognitive, behavioural and collaborative engagement, with participation sub-
stantially exceeding minimum requirements. In contrast, structured opportunities for emotional engagement were absent. 
Frequent Grade Centre access (mean = 68 views per student) suggests a digitally observable form of performance engagement 
characterised by academic self-monitoring behaviour Cluster analysis revealed four distinct engagement profiles, highlighting 
heterogeneity in student interaction patterns.
Conclusion: The findings suggest that high-density programmatic assessment is associated with sustained engagement behav-
iours in online contexts. This study contributes to the literature by proposing a trace-based operationalisation of performance 
engagement and offering a practical framework for examining engagement sufficiency in fully online programmes.

1   |   Introduction

As the adoption of online learning grows with the advances 
of technology, student-related challenges such as a lack of mo-
tivation, engagement and time constraints (Kučerová  2023; 
Meyer 2014), as well as content that is not always fit for online 
learning or group work (Xia et  al.  2022) persist. Numerous 
suggestions are made on how to improve engagement 

(Alqurashi 2022; Peterson-Ahmad and Keeley 2021; Poth 2022; 
Roberto  2021) based on the assumption that students are 
not engaged in online classes, but that engagement matters 
(Goode et  al.  2022). This assumption is echoed in the stud-
ies of Mushtaha et  al.  (2022) and Simamora  (2020) where 
they recommend that ‘better’ engagement and the extent of 
engagement need to be addressed to enhance students' on-
line learning experience. The suggestion of providing more 
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opportunities for engagement is predicated on the notion that 
the current range of opportunities for engagement in an on-
line programme is insufficient. Mushtaha et  al.  (2022) and 
Simamora  (2020) recommend ‘better’ engagement, but one 
cannot design for better engagement without being able to 
state the baseline engagement levels. This research therefore 
explored the question, ‘Is there sufficiency of student engage-
ment in an online module, and what are the types and levels 
of online engagement?’ The outcomes of this research could 
provide a framework and methodology for determining the 
sufficiency of student engagement in online programmes.

2   |   Literature Review

Kuh  (2009) measures student engagement in terms of time 
and energy spent on learning activities, while Dixson (2015) 
describes engagement as interacting with learning material 
and peers, demonstrating learning through activities and 
being enticed by the learning. Due to the perceived disengage-
ment of students in online learning, learning designers heed 
Kuh's (2009), Dixson's (2015), and Martin and Bolliger's (2018) 
advice and focus on developing activities that can stimulate 
student engagement. More specifically, online engagement 
refers to the participation and interaction of students as well 
as the guidance from the lecturer (Groccia 2018). As recom-
mended by Farrell and Brunton  (2020), online engagement 
can take place through various activities and platforms such 
as discussions, group work, facilitated presentations, shared 
resources, and assignments. Therefore, online engagement in-
volves the full learning experience, including interactions with 

the content, the lecturer and peers (Moore  1989; Redmond 
et al. 2018).

Activities such as discussions encourage online engagement 
and enhance student learning (Martin and Bolliger  2018), 
which implies that peer interaction is essential for online en-
gagement (Farrell and Brunton 2020). While students report 
valuing peer support (Farrell and Brunton 2020), they may re-
sist informal collaboration unless linked to assessment. This 
suggests that the perceived value of peer engagement is condi-
tional on academic relevance rather than intrinsic preference. 
Therefore, informal engagement in social spaces is seen as 
the least important peer activity (Martin and Bolliger 2018). 
In contrast, Altınay  (2017) reported that collaborative activ-
ities contributed to knowledge construction, reflective prac-
tices, and personal development opportunities for students 
but did not state whether these opportunities were formal or 
informal. Martin and Bolliger (2018) reported that student-to-
lecturer engagement is valued the most where activities such 
as announcements and email reminders are used. Farrell and 
Brunton  (2020) similarly stress the importance of lecturer 
communication for student success and online engagement. 
Lecturer feedback via completed rubrics was the second most 
valued, while reflection activities were viewed as the least 
important in student-to-lecturer engagement (Martin and 
Bolliger  2018). This finding regarding reflection activities 
contradicts earlier findings of Martin and Ertzberger  (2016) 
who state that there is no significant difference in the attitude 
of students towards learning activities irrespective of whether 
they have reflection activities or not.

Zimmerman (2012) reported that the amount of time spent on 
content had a positive relationship with student success; how-
ever, the nature of the activities influences the interaction 
(Ertmer et  al.  2011). Activities such as brainstorming using 
real-world examples appear to have contributed to a higher 
number of posts, and quiz questions relevant to current issues 
at the application level increased engagement and led to higher 
student-to-student interaction (Ertmer et al. 2011). Martin and 
Bolliger  (2018) therefore stress the importance of using real-
world problems and guided discussions when designing for 
student-to-content engagement.

A common concern in online learning is that students do not 
participate actively in the tasks (Vaish  2021). For example, 
Salta et  al.  (2022) noticed that online engagement is signifi-
cantly lower compared to face-to-face classes. One reason is 
that students can feel disconnected despite efforts to create a 
sense of community (Farrell and Brunton 2020). Student en-
gagement is therefore a critical defense against being socially 
and emotionally disconnected (Dixson  2015). Engagement 
fosters a feeling of belonging and ensures an enhanced learn-
ing experience (Farrell and Brunton 2020). When learning de-
signers and lecturers ensure online engagement, the quality 
of the course improves, student success increases (Martin and 
Bolliger  2018) and the presence of the lecturer can magnify 
this engagement (Wang 2022).

It is difficult to have meaningful online student engagement 
without designing for it. de Lima et  al.  (2019) reported that 
students found it difficult to follow the threads on discussion 
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forums because they do not resemble social media and were 
therefore discouraged. Maunula et  al.  (2023) suggest that a 
well-designed online programme with a substantive lecturer 
presence and lecturer guidance can enhance students' learn-
ing, well-being, and engagement in their studies. Similar 
findings were reported by Farrell and Brunton  (2020) who 
highlighted the importance of multiple types of engagement 
beyond discussion forums. Learning designers are responsi-
ble to design activities to promote online engagement within 
a framework that includes student–student learning, opportu-
nities for collaboration, interactive content, personalised feed-
back and lecturer-supported activities (Redmond et al. 2018). 
Recent advances in learning analytics have demonstrated that 
student engagement can be operationalised using digitally ob-
servable behavioural trace data derived from learning man-
agement systems (LSMs) and discussion forums. For example, 
Liu et  al.  (2022) developed automated methods to detect 
emotional and cognitive engagement in massive open online 
course (MOOC) discussion forums by applying language pro-
cessing techniques to learner-generated text. Their findings 
demonstrated that engagement is multidimensional and can 
be identified through observable digital interaction patterns 
and that combinations of behavioural cognitive and emotional 
engagement indicators were associated with learning achieve-
ment. Their work shows how engagement can be examined 
through trace-based behavioural analytics rather than relying 
solely on self-report measures.

3   |   Theoretical Framework

As the aim of this study included determining sufficiency of 
student engagement in an online module, the Framework of 
Online Engagement (Redmond et al. 2018) and Moore's (1989) 
three types of interactions were used. Redmond et al.  (2018) 
describe five engagement constructs that can be measured: 
social, cognitive, behavioural, collaborative, and emotional 
engagement (Figure 1).

Based on the research of Redmond et al. (2018), social engage-
ment in an online environment fosters a sense of belonging 
by building community, developing relationships and estab-
lishing trust through active participation and supportive in-
teractions. Cognitive engagement, on the other hand, deepens 
learning by encouraging critical thinking, integrating ideas 
and justifying decisions, helping students develop expertise 
and reflect on their thoughts. processes (Li 2021). While be-
havioural engagement ensures active participation by de-
veloping academic and multidisciplinary skills, upholding 
learning norms, and supporting peers, collaborative engage-
ment strengthens connections through peer learning, faculty 
interactions and networking, linking individuals to institu-
tional and professional opportunities (Hospel et  al.  2016). 
Emotional engagement sustains motivation by managing 
expectations, recognizing personal drives, and committing 
to learning, ensuring resilience and long-term success in an 
online setting (Redmond et al. 2018).

This Online Engagement Framework can be used as a lens to 
identify engagement within a fully online programme by iden-
tifying the supporting activities (Table 1). Being able to identify 

and describe where and how student engagement happens al-
lows learning designers to identify possible areas to strengthen 
(Farrell and Brunton 2020; Kahu 2013; Redmond et al. 2018).

In addition, there are three types of interactions necessary for 
effective online programmes (Moore 1989; Redmond et al. 2018; 
Wahid et al. 2020):

•	 Student-to-student: collaboration between students to build 
a community, support one another and promote positive re-
lationships with peers and lecturers.

•	 Student-to-lecturer: teaching activities and the continuous 
interaction between lecturers and students, and vice versa.

•	 Student-to-content: all the learning activities as well as the 
role of the user interface.

This study integrates two established frameworks of online 
engagement: the Online Engagement Framework (Redmond 
et al. 2018) and Moore's (1989) three types of interaction. These 
frameworks offer complementary perspectives. The Online 
Engagement Framework identifies where engagement mani-
fests (social, cognitive, behavioural, collaborative and emotional 
domains), while Moore's framework clarifies how engagement 
occurs through student–student, student–lecturer and student–
content interactions. Together, they provide a structured foun-
dation for analysing engagement in fully online environments.

Building on this foundation, an additional construct emerg-
ing from this study is performance engagement. Although 
the term is not new, its conceptualisation in the literature 
differs from how it is operationalised here. In prior educa-
tional research, performance engagement has typically been 
understood as a self-reported motivational orientation, re-
flecting students' focus on achieving good grades, perform-
ing well on assessments and demonstrating competence (e.g., 

FIGURE 1    |    Engagement constructs. Available from: Online 
Engagement Framework (Redmond et al. 2018).
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Handelsman et al. 2005; Miller et al. 1996). In this tradition, 
performance engagement is measured through survey instru-
ments and interpreted as an expression of performance goal 
orientation, primarily within face-to-face learning contexts. 
Similarly, related work has examined performance engage-
ment either in workplace settings (Nair 2024) or through ex-
periential learning contexts (Nimri et al. 2024), again relying 
on respondents' reported intentions or attitudes rather than 
observable behaviour.

In contrast, the present study operationalises performance en-
gagement as a digitally observable behavioural pattern within 
a fully online learning environment. Specifically, it is identified 
through repeated academic performance monitoring, such as 
frequent access to the Grade Center in the LSM. Rather than 
capturing students' stated intentions or motivational orien-
tations, this conceptualisation focuses on enacted behaviour 
recorded through system analytics. This trace-based opera-
tionalisation aligns with recent learning analytics research 
demonstrating that engagement constructs can be inferred from 
observable digital traces of learner interaction. For example, 
Liu et al.  (2022) showed that emotional and cognitive engage-
ment could be detected through analysis of learner discussion 
behaviour in MOOCs, providing empirical support for the va-
lidity of trace-based engagement indicators. Such approaches 
recognise engagement as a multidimensional construct mani-
fested through observable learner-system interactions, thereby 
extending engagement theory into the domain of behavioural 
learning analytics. The distinction in performance engagement, 
therefore, lies between a psychological, self-report construct and 
a trace-based behavioural indicator of academic self-monitoring 
in digital contexts.

Within the integrated Redmond–Moore framework, this trace-
based form of performance engagement is positioned alongside 
the existing engagement constructs and analysed through stu-
dent–content interaction. The combined framework was subse-
quently used to categorise the module activities (Table  1) and 

to interpret patterns of observed engagement within the online 
environment.

4   |   Context

In May 2020, a team of lecturers and learning designers 
launched a fully-online Postgraduate Diploma in Public Health. 
The minimum admission requirement for the programme is 
any bachelor's degree, which ensures professionally diverse stu-
dents. This diversity includes those with a health background 
such as nursing, as well as those with non-health backgrounds 
such as education.

Students begin with a designated introductory module and com-
plete the programme with a capstone module. The nine modules 
are organised into weekly topics, with content released weekly. 
Each week includes a welcome video, a summary video, clear 
learning outcomes and a detailed activity summary outlining 
tasks, due dates, weights, time estimates and links to learning 
outcomes.

Activities are thoroughly explained, and students are ex-
pected to engage weekly with content, peers, and lecturers, 
with no engagement limits. Content videos are concise, each 
lasting about 10 min, and access to online activities is sched-
uled according to specific weekly due dates. A programmatic 
assessment approach is used as all the activities contribute 
towards the final mark (van der Vleuten et al. 2012). Badges 
encourage and motivate students to participate in the assess-
ment activities. Each module's content is evenly paced, with 
final activities due by the seventh week. A score of 50% is re-
quired to pass, and 75% for distinction. The emergency room 
(ER) forum, monitored daily by a tutor (one per 40 students), 
offers a space for student queries. Each module includes a 
Student Support section with task guidance, a Mental Health 
Support area with resources, and a virtual Coffee Shop for so-
cial interaction. This study explored the sufficiency of student 

TABLE 1    |    Alignment of engagement activities to the framework.

Framework construct Example activities
Moore's three types 

of interactions

Social engagement Creating a learning community, Virtual questions and 
answer sessions, lecturer presence, and feedback

Student-to-student
Student-to-lecturer

Cognitive engagement Critical thinking, justification of decisions, real-life problem 
solving as engaging with contents, students and lecturers

Student-to-content
Student-to-student
Student-to-lecturer

Behavioural engagement Academic challenges, active learning, interactions, enriching 
educational experiences and supportive learning environment; 

time and effort, participation as practiced in discussions, 
assignments, interviews, multidisciplinary skills

Student-to-content
Student-to-student
Student-to-lecturer

Collaborative engagement Creating professional networks, learning with 
peers as practiced in group activities

Student-to-student
Student-to-lecturer

Emotional engagement Commitment to learning and managing expectations 
in activities, reflection activities

Student-to-content

Performance engagement Accessing the Grade Center Student-to-content

Source: Adapted from Redmond et al. (2018) and Moore (1989).
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engagement in one module of a fully online postgraduate di-
ploma by determining where and how students use the digital 
activities.

5   |   Method

A quantitative single-case study design explored the types and 
levels of online engagement in one module in a fully online post-
graduate diploma. A single-case study was chosen, as it offers 
in-depth, non-generalisable insights into developmental pro-
cesses within the unique context of a specific module and data 
from other modules could affect the experience being exam-
ined (Råbu and Binder 2024). This module was attended mid-
programme, integrates programmatic assessment fully and has 
high enrollment, rare in case study research. The researchers in 
this study purposefully selected (Creswell 2014) a typical mid-
programme module in order to avoid choosing the first module, 
where students are potentially overwhelmed by having to learn 
online, or the last module, which is predominantly an individ-
ual self-study module. The chosen module is therefore a typical 
example of the remaining seven modules.

The types of learning activities provided in the online module 
were compared with the constructs of the Online Engagement 
Framework (Redmond et  al.  2018) and Moore's  (1989) three 
types of interactions (see Table 1) to determine if there are op-
portunities for students to engage. The properties of each one 
of the activities on the LMS were set to ‘Track the number of 
views’. The analytics of the interactions on the LMS were ex-
tracted through the report function of the LMS to determine 
whether the students made use of the engagement opportuni-
ties. The extracted data were downloaded to MS Excel. As we 
were interested in where and how the students use the activities, 
and not the relationship between the constructs, MS Excel func-
tions such as Count, Mean, Average, and Standard Deviation 
were used for the calculations. Any missing LMS-derived values 
were minimal and excluded from descriptive analyses.

Two sources of data were used from the LMS: data regarding 
the learning activities and data analytics that are automatically 
collected via the LMS (Table 2).

Content analysis of all the activities in the 7 weeks (summarised 
in Table 3) was done by first exporting the data to Word before 
coding the content using a deductive approach based on the two 
theoretical frameworks.

Data analytics reports were extracted from the LMS and down-
loaded to MS Excel. Each report was analysed to determine ev-
idence of engagement, such as time spent (Kuh 2009) and the 
number of interactions (Dixson  2015). Descriptive statistics 
were calculated using MS Excel.

For exploratory purposes, a benchmark of 80% completion and 
≥ 80% module mark was used as a heuristic indicator of high 
engagement. This threshold does not represent a validated 
standard of sufficiency but served as a practical reference point 
within this context. Engagement was operationalised using four 
LMS-derived behavioural indicators (submissions, interactions, 
time-on-platform and Grade Center access). Before clustering, 

each indicator was standardised across students using z-score 
normalisation so that each feature contributed on a comparable 
scale and cluster profiles could be interpreted as deviations from 
the overall sample mean.

6   |   Clustering Procedure, Visualisation and Profile 
Similarity

We applied k-means clustering with k = 4 and multiple random 
initialisations n_init = 50 to improve solution stability and re-
duce sensitivity to initialisation. Cluster assignment was per-
formed in standardised feature space, and cluster centroids were 
retained for interpretation. To summarise the similarity among 
the resulting cluster profiles, we performed hierarchical clus-
tering on the four k-means centroids using Ward linkage and 
visualised the results as a dendrogram. To visualise separation 
and overlap among students in a low-dimensional representa-
tion, we computed a two-component principal component anal-
ysis (PCA) of the standardised engagement matrix and plotted 
student scores on PC1 and PC2 coloured by cluster assignment.

7   |   Findings

Seven hundred and seventy-three students (average age of 
35 years) participated in the module in 2023, and 256 (33.1%) 
students completed the end-of-module survey. In the total popu-
lation (N = 773), 627 were female (81.1%), male (18.8%) and 0.1% 
did not disclose their gender. The majority (88.2%, n = 682) iden-
tified with the African race, followed by Coloured (4.7%, n = 36), 
White (3.7%, n = 29) and Indian (3.4%, n = 26).

TABLE 2    |    Sources of data and descriptive analyses performed.

LMS report Data used Analyses

Grade Center 
download

All student final 
marks and number of 

submissions per student

Averages

Course 
analytics: 
Learn course 
at a glance

Course access
Minutes spent
Interactions
Submissions

Grade Center marks

Lowest and 
highest value

Mean
Median

Q1
Q3

IQR

Reports: User 
activity in 
forums

Number of posts in 
each discussion forum

Totals and 
averages

Reports: 
Single 
course user 
participation 
report

Total assignments, test 
submissions, discussion 

board submissions.

Totals and 
averages

Reports: 
Overall 
summary of 
user activity

Total hits per activity Totals and 
averages
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8   |   Opportunities Created for Engagement

Students in this module are exposed to a variety of activities 
(Table 3) in line with the advice of Farrell and Brunton (2020) 
over the period of 7 weeks. Table  3 maps out the activities 

and the interaction and types of engagements as suggested by 
Redmond et al. (2018) and Moore (1989), namely, Column 1 lists 
the number of content activities (e.g., reading/watching) that 
each student needs to complete per week. Column 2 lists the 
number of assignment activities per week. Column 3 describes 

TABLE 3    |    Summary of module activities linked to framework constructs (n = 773 participants).

Week
Content activities 
per week (n = 69)

Assignments per 
week (n = 35)

Description of the 
assignments

Interaction and types 
of engagement

Week 1 6× Watch a video lecture
3× Read text

2× Discussion foruma

1× Quiz
Student-content
Student–student

Cognitive
Social

Behavioural
Collaborative

Week 2 9× Watch a video lecture
1× Read text

1× Discussion forum
2× Assignments
1× Interactive 

activities (H5P)

A 2-page policy analysis
A policy brief

Student-content
Student–student

Cognitive
Social

Behavioural
Collaborative

Week 3 4× Watch a video lecture
5× Read text

1× Discussion forum
1× Quiz

2× Assignments
1× Interactive 

activities (H5P)

e-Certificate of completed 
international module
Interview and poster

Student-content
Student–student

Cognitive
Social

Behavioural
Collaborative

Week 4 3× Watch a video lecture
3× Read text

1× Discussion forum
2× Assignments

e-Certificate of completed 
international module

Group work and 
newspaper article

Student-content
Student–student

Cognitive
Social

Behavioural
Collaborative

Week 5 7× Watch a video lecture
4× Read text

1× Discussion forum
1× Quiz

2× Assignments

Speech
Interview and completion 

of professional 
development plan that was 
created in the first module

Student-content
Student–student

Cognitive
Social

Behavioural
Collaborative

Week 6 4× Watch a video lecture
8× Read text

2× Discussion forum
1× Quiz

2× Assignments

Infographic
PowerPoint presentation

Student-content
Student–student

Cognitive
Social

Behavioural
Collaborative

Week 7 8× Watch a video lecture
3× Read text

2× Quiz
2× Assignments

1-page action letter
e-Certificate of completed 

international module

Student-content
Cognitive

Behavioural
Collaborative

Other 7× Introduction videos
7× Summary videos

1× Study guide

1× Introductions
1× ER room for queries

1× Coffee shop
4× Virtual sessions

Student–lecturer
Student–student

Social

aNote that the majority of discussions were composed of two parts, for example, students first post their ideas and then comment on another student's.
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the assignments (part of the activities in Column 2) and Column 
4 maps the listed activity with one or more of the engagement 
constructs (Moore 1989; Redmond et al. 2018).

Student engagement with content is mainly through watching 
lecturer-recorded lectures, guest lecturers, or pre-existing videos 
on YouTube. Reading material such as sections from prescribed 
eBooks, online articles or websites is used. Leading questions 
are posed for students to foster critical thinking when working 
through the content. Content activities are followed up with en-
riching learning experiences such as drag-and-drop activities 
(using HTML5 Package (H5P) to create rich content), discussions, 
quizzes or assignments, making sure that students are cognitively 
and behaviourally engaged while either learning from experts or 
their peers or by critically engaging with the content.

Assignments are varied (Table  3) and are used to encourage 
critical thinking, creativity, communication, and collaboration. 
Also, the format of the assignments varies from text-based as-
signments to PowerPoint presentations, posters, infographics, 
conducting interviews and compiling action plans. Working 
on the assignments provided students with opportunities to 
engage both cognitively and collaboratively with the content. 
A rubric is assigned to each assignment to provide structured 
feedback to the students. Additionally, the lecturer also provides 
weekly feedback on the previous weeks' assessments to estab-
lish student-lecturer engagement and invites students to com-
municate through emails or discussion forum posts (Martin and 
Bolliger 2018).

Student–student engagement occurred during discussions, 
virtual live sessions, and group discussions. Students refer to 
their working environment during the discussions (Martin and 
Bolliger 2018) and comment on other posts, finding differences 
or suggesting improvements. As students come from diverse 
professional backgrounds, evaluating other opinions exercises 
critical thinking skills in a multidisciplinary environment, 
contributing to not only the cognitive engagement of students 
but also to their social and behavioural engagement as they dis-
cuss, interact, and dwell on academic challenges (Boxes 1 and 2) 
(Redmond et al. 2018).

Social engagement is encouraged by students participating in 
the Coffee Shop. This virtual space is solely used by students 

so that they can build professional networks or provide in-
formal peer support (collaborative engagement) (Redmond 
et al. 2018). A range of strategies is employed to facilitate stu-
dents' behavioural engagement, for example, date ranges to 
release content and limit the submission links, as well as the 
use of badges (Box 3).

Since the ER is used for queries posed to lecturers and tutors, 
it received more messages (n = 1118 over 7 weeks) and hits 
(n = 30,878 over 7 weeks) than the Coffee Shop (messages n = 207 
over 7 weeks; hits n = 11,391 over 7 weeks).

9   |   The Uptake of Opportunities for Engagement

The required number of activities planned for the 773 students 
over 7 weeks can be seen in Table  4, and all the activities are 
recorded as part of the course analytics provided by the LMS. 
The required number is calculated based on the minimum in-
teractions a student has to do; for example, if there are 39 as-
sessments, the required number of interactions should be 39. 
Students logged in twice a day on average and spent much less 
than their total allocated 100 notional hours online. The short-
fall of hours is understandable as students complete their more 
substantive assignments while being offline. Students made 
nearly 10 times more interactions than required, including posts 
in the ER and Coffee Shop.

The data differs slightly when one looks at the median and in-
terquartile range (Table 4). More than half of the students ac-
cessed the module 88 or more times (median = 88). Similarly, 
more than half of the students participated in between 939 
and 1304 interactions over the 7 weeks, which is substantially 
more than the 117 minimum required interactions. More than 
half of the students submitted 43 submissions (to a maximum 
of 47 submissions). It is worth noting that the minimum num-
ber of submissions was 39 (12 assignments, 6 quizzes and 21 
discussions), which is very close to the required number. The 
students in Quartile 1 spent almost half the amount of time 
online as those in Quartile 3.

Students had a range of submissions (Table  5). Assignments' 
weight varies from 4.8% to 30%, and quizzes are 2%. Students 
have one assignment attempt and two quiz attempts. Cognitive 

BOX 1    |    Example of a discussion forum instruction with posts.



8 of 14 Journal of Computer Assisted Learning, 2026

engagement is evident in the level of compliance with the re-
quired number of submissions. No opportunities for emotional 
engagement were found during the mapping exercise (Table 3).

Students had a group assignment to create a newsletter, and 
part of the group tools is a group discussion forum (Table  5). 
All the group interactions were recorded (social, cognitive, and 
collaborative engagement, student–student and student–con-
tent engagement). Students introduced themselves through an 
introduce-yourself discussion forum (social engagement, stu-
dent–student engagement). The rest of the discussion forums 
were discussion activities linked to the weekly topics (social and 

cognitive engagement, student–student engagement and stu-
dent–content engagement). All the discussions contribute to the 
module participation mark, which is 10% of the final mark.

Students (n = 773) posted slightly more on the discussion forums 
than required (Weeks 1 and 4, one post; Weeks 4 and 6, three 
posts and the others, two posts each). The average number of 
posts was less than the minimum in the two discussion forums 
(Weeks 4 and 6), where they had to post three times. It is clear 
that students engaged with each other in the discussion forums 
in this module, suggesting social, cognitive, and collaborative 
engagement.

BOX 2    |    Example of the discussion interaction of one student.

BOX 3    |    Available badges for participation.
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Each assignment and discussion forum had a rubric to encourage 
social engagement and provide feedback. All the discussion forums 
have the same rubric (module participation), while the rubrics for 
the assignments differ. Although there were 20 rubrics available in 
the module, students only accessed 11 of them on average.

Students are curious about their marks as an indicator of their 
progress, resulting in 52,217 times that they accessed the Grade 
Book (or an average of 68 times per student). The relative level of 
academic effort and engagement in the module was linked with 
high student success rates (Figure 2).

The average module mark was 74% while 5.1% (n = 40) students 
failed to achieve the minimum (50%) to pass and 61.8% (n = 478) 
achieved a distinction (75% or more).

10   |   Cluster Structure and Separation

The PCA visualisation (Figure 3) suggests that the four engage-
ment profiles occupy distinguishable regions in the dominant 
two-dimensional subspace of the standardised engagement indi-
cators. The first two principal components explain 61.5% (PC1) 
and 36.9% (PC2) of the total variance, respectively, for a cumu-
lative 98.3%, indicating that the primary structure underlying 
student engagement is effectively captured by two dimensions 
in this dataset. In parallel, the centroid dendrogram (Figure 3) 
indicates that some clusters are similar, providing an interpre-
table summary of between-profile proximity independent of 
the PCA projection. Figure 3A displays a Ward-linkage dendro-
gram computed on the k-means centroids to summarise similar-
ity among cluster profiles in the original standardised feature 
space. Figure 3B shows the same student observations projected 
into two principal components, coloured by cluster assignment.

Cluster 1 (n = 234: high engagement, very high submissions), 
Cluster 2 (n = 149: low engagement, low submissions), Cluster 3 
(n = 305: low engagement, high submissions), Cluster 4 (n = 85: 
high engagement, low submissions).

11   |   Cluster Interpretation

Cluster 1 (n = 234) exhibits consistently above-average engage-
ment across all four indicators. This pattern reflects a subgroup 
of students who are not only frequently present in the course 

environment but also demonstrate strong behavioural signals of 
coursework production and participation. Submissions are the 
most distinctive dimension for this cluster relative to the over-
all sample, suggesting that assignment completion behaviour 
is a key marker of this profile. Cluster 2 (n = 149) is character-
ised by uniformly lower activity across metrics. This profile 
represents a consistently disengaged subgroup with low pres-
ence and low academic interaction footprints. This aligns with 
a low participation/low persistence pattern and are potentially 
those at risk for non-completion or poor performance. Cluster 
3 (n = 305) shows a mixed pattern with very low accesses and 
time on-platform but high submissions and interactions. This 
profile is consistent with a task-focused or optimally efficient 
participation profile, in which students demonstrate evidence of 
completing and engaging with required tasks while exhibiting 
fewer logins and lower overall time-on-platform. These students 
concentrate activity into fewer sessions and prioritise delivera-
bles and interaction events over exploratory browsing. Cluster 4 
(n = 85) shows above-average access and time-on-platform com-
bined with below-average submissions and interactions. This 
pattern suggests comparatively high consumption or browsing 
behaviour without commensurate signals of assessment pro-
duction or communicative participation. Cluster 4 resembles a 
content-consuming, or observer, profile, where time in the envi-
ronment does not translate proportionally into submitted work 
or participation.

12   |   Discussion and Conclusion

This quantitative single-case study sought to examine whether 
sufficient student engagement was evident within a fully online 
postgraduate module and to explore the types and levels of en-
gagement observable through LMS analytics. Using the Online 
Engagement Framework (Redmond et al. 2018) in combination 
with Moore's  (1989) interaction typology, the study analysed 
how engagement was designed into the module and how stu-
dents enacted that engagement behaviourally.

12.1   |   Engagement Across Framework Constructs

The findings indicate that structured opportunities for social, 
cognitive, behavioural and collaborative engagement were 
deliberately embedded in the module design and were taken 
up by students at levels exceeding minimum requirements. 

TABLE 4    |    Required actions per student (n = 773 students).

Variable
Required actions 

per student Mean Median Q1–Q3 range Min–max values

Number of times the module was 
accessed

49 days (7 days for 7 weeks) 97 88 65–121 2–330

Interactionsa 117 activities 1113 939 691–1304 11–14,916

Compulsory submissions 40 submissionsb 43 43 39–47 3–137

Minutes spentc 6000 min 3542 3126 2256–4346 2–22,616
aExcluding the module information pages about the tutors, assessments, student support and so forth.
b18 unique submissions with some that were two-part submissions comprise the total.
cThis should be 100 notional hours for a 10-credit module.
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In contrast, opportunities for emotional engagement were 
absent. Prior research has emphasised the importance of 
emotional engagement in sustaining persistence and deep 
learning (Marcus et al. 2021; Yu et al. 2020). Additionally, the 
work of Liu et al.  (2022) showed that emotional engagement 
has a more substantial impact on learning achievement than 
cognitive engagement, which suggests that some of the exist-
ing assessments should be substituted with opportunities for 
emotional engagement.

12.2   |   Programmatic Assessment and Engagement 
Density

All major engagement opportunities in the module were linked 
to assessment within a programmatic assessment framework 
(van der Vleuten et al. 2012). This design resulted in frequent, 
low- to moderate-stakes submissions, continuous feedback, and 
multiple data points contributing to final judgement.

The findings suggest that this assessment density was strongly 
linked to high levels of observable engagement. Students ex-
ceeded minimum participation requirements, demonstrated 
high submission compliance and engaged repeatedly with as-
sessment feedback mechanisms. However, given the descrip-
tive nature of the study, causal conclusions cannot be drawn. It 
cannot be stated that programmatic assessment caused engage-
ment; rather, it appears to have functioned as a structural driver 
of sustained interaction.

This aligns with Gibbs  (1999), who argues that students pri-
oritise assessed components of courses. In this context, pro-
grammatic assessment may have operationalised engagement 
through assessment alignment rather than relying on voluntary 
participation alone.

12.3   |   Engagement Profiles and Heterogeneity

Cluster analysis revealed four distinct engagement profiles. This 
finding reinforces the idea that engagement is not a single contin-
uum but a multidimensional phenomenon characterised by het-
erogeneous behavioural patterns. Notably, the ‘efficient’ cluster 
demonstrated lower platform time but maintained high submis-
sion compliance and academic performance, suggesting that en-
gagement quality cannot be inferred solely from time-on-platform 
metrics.

TABLE 5    |    Overview of submissions (n = 773 students).

Submissions
Number of 

submissions

Quizzes

Week 1: Quiz 1 756

Week 3: Quiz 1 758

Week 5: Quiz 1 773

Week 6: Quiz 1 773

Week 7: Quiz 1 773

Week 7: Quiz 2 773

Total 4606

Assignments

Week 2: Policy analysis 727

Week 2: Policy brief 2 page 697

Week 3: e-Course Governance and Health 736

Week 3: Poster and interview 719

Week 4: e-Course Financing Policy 652

Week 4: Newsletter group work 745

Week 5: Speech on human resources 737

Week 5: Interview and PDP 773

Week 6: Infographic 773

Week 6: PowerPoint presentation 773

Week 7: Advocacy action letter 773

Week 7: e-Course Deliver successful 
projects

773

Total 8878

Discussion fora

Emergency room 1118

Put your feet up and drink a cup of coffee 207

Introduce yourself 857

Week 1: Comparing health systems 1773

Week 1: Strengthening health systems 1658

Week 2: COVID-19 legislative response 1729

Week 3: Management in my organisation 1785

Week 4: Health care resources 1974

Week 4: Newsletter group discussions 1299

Week 5: Labour relations in my 
organisation

1755

Week 6: Orientation to HMIS in our 
organisation

1736

(Continues)

Submissions
Number of 

submissions

Week 6: Systems thinking in my 
organisation

2004

Total 17,895

Grand total 31,379

TABLE 5    |    (Continued)
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This challenges simplistic interpretations of LMS analytics, 
where time spent online is often equated with engagement. 
Instead, production-oriented behaviours (submissions and 
structured interactions) were more strongly associated with per-
formance outcomes than passive access metrics.

12.4   |   Performance Engagement as Digitally 
Observable Self-Monitoring

One of the most notable findings was the exceptionally high fre-
quency of Grade Centre access, averaging 68 views per student. 
This behaviour is conceptualised in this study as a form of dig-
itally observable performance engagement, defined as repeated 
academic self-monitoring within the LMS. Unlike prior concep-
tualisations that relied on self-reported performance orientation 
(Handelsman et al. 2005; Miller et al. 1996), this study identifies 
performance engagement through trace-based behavioural data. 
This trace-based conceptualisation is consistent with the work 
of Liu et  al.  (2022) who demonstrated that engagement is ob-
servable through learner-system interaction patterns, supporting 
the validity of using behavioural trace indicators such as Grade 
Center access as potential manifestations of engagement-related 

self-regulatory processes. The frequent grade monitoring ob-
served in the current study may reflect strategic self-regulation, 
performance optimisation, or heightened academic vigilance in 
an assessment-dense environment.

Importantly, while Grade Center access was associated with 
academic performance, it was not the strongest predictor. 
Submission behaviour and structured interactions demonstrated 
stronger relationships with final marks. This suggests that per-
formance monitoring alone does not ensure success; rather, it 
may operate as a supplementary regulatory behaviour within a 
broader engagement framework.

12.5   |   Theoretical Contribution

By integrating the Online Engagement Framework and Moore's 
interaction typology with LMS trace analytics, this study ex-
tends engagement theory into the domain of learning analytics. 
It proposes performance engagement as a potential digitally 
observable subdimension of behavioural engagement in on-
line environments. The findings contribute to engagement the-
ory by: (1) demonstrating how engagement constructs can be 

FIGURE 2    |    Histogram of the distribution of the final module mark (n = 773 students).

FIGURE 3    |    Engagement profiles derived from k-means clustering with k = 4 using standardised engagement indicators. (A) Ward dendrogram of 
k-means centroids (k = 4) and (B) PCA projection of students (z-scored features).
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operationalised using LMS trace data; (2) identifying heteroge-
neous engagement profiles in high-density assessment contexts 
and (3) suggesting that multiple assessment opportunities may 
intensify academic self-monitoring behaviours.

12.6   |   Implications for Online Programme Design

The findings suggest that the choice of a programmatic assess-
ment strategy strongly shapes engagement behaviour. Second, 
that time-on-platform metrics should not be used as sole indica-
tors of engagement. Third, that emotional engagement requires 
intentional reflective integration, and finally, that frequent feed-
back in the form of marks may increase performance monitor-
ing behaviours. Finally, careful calibration is necessary to avoid 
over-assessment, which may produce compliance without deep 
processing (Schut et al. 2018). Replacing rather than adding ac-
tivities may optimise balance.

13   |   Conclusion

This study provides evidence that high-density programmatic 
assessment in a fully online module is associated with sustained 
behavioural, social, cognitive and collaborative engagement. It 
also identifies a pattern of digitally observable academic self-
monitoring conceptualised as performance engagement.

14   |   Limitations

14.1   |   Several Limitations Must Be Acknowledged

First, this study employed a quantitative single-case design fo-
cused on one module within a single postgraduate programme. 
While the module provided a large dataset (n = 773) and rich en-
gagement variation, the findings cannot be generalised beyond 
similar assessment-dense online environments. Replication 
across modules, institutions and disciplinary contexts is neces-
sary to establish external validity.

Second, the study relied primarily on LMS-derived behavioural 
trace data as proxies for engagement. Although grounded in es-
tablished theoretical frameworks, the mapping from observable 
behaviours (e.g., hits, submissions, grade access) to engagement 
constructs involves inferential interpretation. Construct validity 
would be strengthened through triangulation with qualitative 
data, student interviews or validated psychometric instruments.

Third, the operationalisation of ‘sufficiency of engagement’ using 
predefined behavioural thresholds represents a heuristic bench-
mark rather than a validated standard. Different thresholds may 
yield alternative classifications. Future research should test the ro-
bustness of sufficiency criteria using sensitivity analyses.

Fourth, the study design was cross-sectional and descriptive, 
limiting causal inference. While engagement indicators were 
statistically associated with academic performance, it cannot be 
concluded that engagement behaviours caused improved out-
comes. Reverse or reciprocal relationships are possible.

Fifth, emotional engagement was inferred indirectly through 
the absence of reflective activities rather than directly mea-
sured. The lack of a validated measure of emotional engagement 
limits interpretive depth in this domain.

Sixth, although clustering procedures were stabilised using 
multiple initialisations, cluster solutions are inherently data-
dependent. Alternative modelling approaches (e.g., latent profile 
analysis) may yield different profile structures.

Finally, although prior research has demonstrated that en-
gagement constructs can be inferred from digital interaction 
data (Liu et al. 2022), the interpretation of specific behavioural 
indicators such as Grade Center access remains inferential. 
Further research combining behavioural trace analysis with 
qualitative and self-report measures is needed to validate 
the conceptualisation of performance engagement for online 
students and clarify its relationship with other engagement 
dimensions.

Despite these limitations, the study offers theory-informed, 
trace-based insights into how engagement manifests within 
a high-density online assessment environment and pro-
vides a structured framework for future multi-method 
validation of digitally observable engagement constructs. 
Future research is needed to validate performance en-
gagement across different contexts and to examine its 
relationship with emotional engagement and long-term learn-
ing outcomes.
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