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Abstract: The study of learning analytics provides statistical analysis and extract insights from data,
particularly in education. Various studies regarding student engagement in online learning have been
conducted at tertiary institutions to verify its effects on students’ learning performance. However,
there exists a knowledge gap whereby the types of student-engagement issues derived from learning
analytics have not been collectively studied thus far. In order to bridge the knowledge gap, this paper
engages a new systematic literature review (SLR) that analysed 42 articles using Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA). The existing research on student engage-
ment in online learning does not extensively integrate the five types of online engagement proposed
by Redmond et al., and the use of learning analytics on the subject matter is also limited. Thus,
this review sheds light on the types of student engagement indicated by using learning analytics,
hoping to enhance students” learning performance in online learning. As revealed in the findings,
some studies measured multifaceted engagement to enhance students’ learning performance, but
they are limited in number. Thus, it is recommended that future research incorporate multifaceted
engagement such as social, cognitive, collaborative, behavioural, and emotional engagement in online
learning and utilise learning analytics to improve students’ learning performance. This review could
serve as the basis for future research in online higher education.
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1. Introduction

Online learning is ubiquitous in 21st-century educational contexts. After the outbreak
of COVID-19 in December 2019, remote and distance learning became a pressing need in all
higher-education institutions, as face-to-face classes could not be conducted. With that, online
learning has become the primary option for most courses in higher education, which aligns
with Sustainable Development Goal 4 (especially target 4.3) to ensure that all learners have
access to education [1]. Student engagement is an essential aspect of online learning [2—4].
Student engagement is a form of student involvement in activities and conditions likely
to generate high-quality learning [5]. Students who are highly engaged in online learning
tend to have better conceptual understanding and achieve better learning outcomes [3].
Over the past decade, studies have identified various types and characteristics of student
engagement—behavioural, cognitive, and emotional [6,7]. One pivotal study of engagement
is by Redmond et al. [2] and proposes a conceptual framework of online engagement in-
corporating five elements: (i) social, (ii) cognitive, (iii) collaborative, (iv) behavioural, and
(v) emotional. However, these five types of engagement have yet to be addressed as a whole.
Furthermore, learning issues such as the lack of focus and motivation commonly surfaces
among students in remote or distance online learning [8]. These are related to engagement,
and it is therefore important to examine student engagement in online settings.
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The online-learning tools brought about by technological advancement, such as Learn-
ing Management Systems (LMSs), allow educators to connect and design interactive student
activities. As much as they can make online learning more dynamic and flexible, they have
significant added value that can assist the virtual-teaching-learning process. According to
Joksimovic et al. [9], ensuring that a course is well designed with engaging content and
collaborative activities in online learning is crucial. The instructor should be given the
authority to decide the learning materials that can best promote student engagement [9].
Many tools have incorporated learning analytics to provide feedback, such as various statis-
tical indicators of students’ online-learning progress. Through learning analytics, the online
data can be captured and collected directly. It also produces evidence and data that are more
authentic and relevant to be used in an online academic setting as compared to traditional
surveys [3,10]. For example, the data interpretation of students’ log files in an LMS can
solve learning problems such as dropouts and poor learning performance [3]. Fan et al. [11]
added that this data-science-driven approach helps reveal student-engagement patterns in
a broader context. Learning analytics possesses the potential to enhance student’s learning
in the online setting. Therefore, this paper intends to establish a systematic literature review
that could provide researchers with novel information concerning the utilisation of learning
analytics for student engagement and learning performance in online-learning settings. As
shown below, Table 1 presents the formulated research questions of this study.

Table 1. The formulated research questions and their respective purpose.

No. Research Question Purpose

This question aims to discover the types of student
engagement in online learning that were studied in
past research using the application of learning

What types of student engagement in
1 online learning have been studied using
learning analytics?

analytics.
What is the purpose of using learning This question aims to explore the objective of using
2 analytics on student engagement in learning analytics to determine student engagement in
online learning? online learning through past research.

This question aims to discover whether the utilisation
of learning analytics for student engagement could
enhance students’ learning performance in online
learning and the role of learning analytics.

What is the effect of the use of learning
3 analytics for student engagement in
online learning?

2. Literature Review
2.1. The Engagement and Learning Performance in Online Learning

Engagement in learning is a vital factor that determines students” understanding,
learning experience, and performance at the end of a lesson [3]. In an online-learning set-
ting, students’ participation can be monitored to determine their engagement [4]. Students
who are engaged in learning will not only spend time online actively, but they also put in
effort and energy to involve themselves in the learning activities to acquire knowledge. For
instance, instructors can track the data of students’ log files in an LMS. Artheton et al. [12]
pointed out that the more frequently students” access and engage with the learning materi-
als, the better their academic performance. Hence, students’ engagement in online learning
should be studied further to determine its effects on students’ learning [13].

Student engagement and academic achievement are essential in an online-learning
environment [14]. Similarly, previous studies have also confirmed that there is a significant
relationship between student engagement in online-learning environments and their aca-
demic achievement [15]. In this respect, an engaging online-learning environment should
be developed to enhance students’ learning performance. Crampton et al. [16] reported
that there is a correlation between students” performance and the resources accessed in
online learning, as well as the emotional and intellectual effort expended by students when
involved in online learning [17]. Thus, more studies regarding student engagement in
online learning are needed, as they can provide valuable insights for instructors to design
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engaging online-learning courses. As a result, the education quality and students’ learning
performance can be enhanced.

Instructors should consider students” goals and motivation in online learning when
adapting their engagement strategies [18]. They should use suitable and well-designed
learning courses to cater to students’ needs in an online-learning setting. According to
Redmond et al. [2], learning content must be designed in such a way that it scaffolds and
prompts students to elicit the specific outcomes desired. In fact, Redmond et al. proposed
that students should engage in learning through five elements: (i) social interaction, (ii) cog-
nitive skills, (iii) behavioural engagement, (iv) collaborative learning, and (v) emotional
engagement. These engagement elements can provide comprehensive outcomes where the
effects on students’ learning performance in online learning can be seen.

For example, social engagement refers to a sociable environment such as social forums
and open networking channels designed for students to initiate social interaction in an
online world. In LMSs, students can participate in social activities such as a discussion
forum. This activity requires students to interact with peers and instructors [19]. Redmond
et al. believed that students could develop relationships and trust in their social group. The
social-interactive activity in LMSs can promote learning progress and stimulate students to
engage more in the learning process [20]. Therefore, the combination of a social setting and
activity is essential to promoting students’ social engagement.

Moreover, in learning, when students can comprehend complex ideas, they are en-
gaged in cognitive engagement (as cited in Fredricks et al. [21]). Cognitive engagement is a
mental effort to engage with the learning resources [22]. According to Redmond et al., cog-
nitive engagement is an active learning process—for example, students providing feedback
and replying in online discussion forums or asking questions online; these demonstrate
cognitive engagement [23]. When a student is able to integrate ideas through community
discussions, it positively affects their cognitive ability and thus produces better learning out-
comes [24,25]. Hence, it is necessary to have learning activities that can promote students’
cognitive engagement, as it can encourage critical thinking in online learning.

Furthermore, in online-learning settings, the collaboration between students and their
peers or instructors is active learning that leads to collaborative engagement [2]. Tasks
can be designed to stimulate interactions among students and instructors to promote col-
laborative engagement [26]. Activities such as discussion forums encourage collaborative
engagement in online learning, as they likely involve students in groups [27]. Group
activities are suitable for collaborative engagement. From group activities, students learn
cooperative values for a better learning experience with peers and instructors [28]. Other
than that, activities such as ice breakers and collaborative writing can also promote students’
collaborative engagement [26]. Regardless of the type of collaborative activity, it needs
to be well planned, and the execution must achieve the learning goals [18,29]. Therefore,
it is crucial to identify a suitable group activity to help students achieve collaborative
engagement and enhance their learning.

In addition, in online learning, students with positive behaviour engagement will show
interest in learning. There are two types of behavioural engagement in learning: (i) dynamic
behaviour and (ii) passive behaviour [30]. Usually, students with behavioural engagement are
active, have positive attitudes, and are able to self-regulate their learning, put in a high amount
of effort, and participate in every learning task [31]. Students’ behaviour engagement can be
assessed through their actions or activities in online learning. For example, in LMSs, students’
activities indicate their learning behaviours [32]. Instructors can trace students’ log-file data
to see their participation in learning. By looking at the traces of log data, instructors can
measure students’ behaviour engagement by analysing how frequently they engage with
the learning materials or activities in the LMS [33]. Apart from that, students also need to
demonstrate behavioural engagement with peers [28,34] and instructors [35]. The support and
encouragement from peers and instructors are determining factors that significantly influence
students’ participation in online learning [36]. In short, students’ behaviour engagement can
determine the success of their learning, particularly in an online setting.
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In addition, students who demonstrate positive behaviours will have good emotional
engagement based on their attitude, enthusiasm, curiosity, anxiety, or pleasure in the
learning process [2]. Elements that can promote good emotional engagement include a
well-instructed course [24], the instructor’s presence [28], and student-instructor interac-
tion [37]. In online learning, it is difficult to tell whether students are emotionally engaged
or not. this can be shown in their attitude toward online learning [38]. Cleveland-Innes and
Campbell [39] conducted a study to assess students’ emotions in online learning and evalu-
ate emotional presence in the online-learning community. They presented two scenarios in
which emotional engagement might be present: (i) online discussion and (ii) the learning
experience. The study found that emotions can either distract or support thinking and
decision-making in online learning. They also emphasised the importance of emotional en-
gagement in an online-learning environment. That said, students should be aware of their
emotional states in online learning. To put it succinctly, positive emotional engagement
plays an important role in inviting students” involvement in online learning.

On top of that, the previous literature on engagement in online learning addressed the
integration of three key areas: (1) behavioural, (2) emotional, and (3) cognitive engagement
(as cited in [7,21]). These three types of engagement can help instructors understand how
students engage in online learning. Nonetheless, Lawson and Lawson [40] opined that it
is essential for a “more nuanced and less formulaic conception of student engagement”
(p- 433) so that the student-engagement aspect of online learning can be analysed and
understood more comprehensively. Consequently, Redmond et al. [2] came up with a
conceptual framework for online engagement consisting of social, cognitive, behaviour,
emotional, and collaborative aspects to ease the understanding of various types of engage-
ment that are crucial to students’ learning, particularly in higher-education institutions.
Therefore, this study focuses on synthesising the literature to support the claim that these
five types of student engagement in online learning along with the application of learning
analytics can enhance students’ online-learning performance.

2.2. Student Engagement and Learning Analytics on Students’ Learning Performance

The use of learning analytics in an educational context began decades ago [41]. Learning
analytics enables “measurement, collection, analysis and reporting of data about learners
and their contexts, for understanding and optimising in which environments it occurs”
(as cited in Chatti et al. [42]). Its application has assisted learning and teaching especially
in higher education. Following that, a reference model proposed by Chatti et al. [42]
illustrated four dimensions of learning analytics: (i) what (e.g., data, environments, and
context), (ii) why (e.g., objectives), (iii) how (e.g., techniques/methods), and (iv) whom (e.g.,
stakeholders) to provide an overview of the concept (please refer to Table A3 in Appendix B).

The online data of learning—teaching activities can improve the process of learning,
academic progress, and teaching practice [35]. Learning analytics can provide support for
educators by indicating the interventions that can be implemented in learning. It can also
support the improvement of the learning and teaching environments in higher-education
institutions [43]. For instance, instructors can design suitable curricula based on students’
behavioural data retrieved from learning analytics [24]. Hence, learning analytics can help
instructors to create effective course designs focusing on student engagement to enhance
learning performance [44]. Moreover, student engagement can also be traced by using
learning analytics. Nizam Ismail et al. [45] highlighted that learning analytics can address
students with low engagement in the LMS through interaction data such as student log
files. Caspari-Sadeghi [46] found that learning analytics can track students” data without
interrupting the learning and that instructors can address online issues such as dropouts
and failures by giving prior warnings to students. In short, educators can utilise learning
analytics to address student-engagement issues in online learning, which can in turn lead
to better learning quality and performance.

Moreover, learning analytics can be used to forecast students’ learning performance.
For instance, Brozina et al. [47] examined the usage of LMSs on first-year engineering
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students’ grades and discovered that it is feasible to predict students” grades by tracking
the timing and frequency of their usage of LMS tools. They also suggested that through
learning analytics, instructors can utilise LMSs to influence students” engagement and
learning outcomes. In addition, recent studies unveiled that the factors affecting students’
success in online learning comprise social interaction among peers [48], course design [19],
and collaborative or teamwork tasks [49,50]. Thus, these factors are practical in enhancing
students learning performance in online learning.

Other than that, in light of the accessibility of LMSs at higher-education institutions
and the potential of learning analytics in handling large data sets, Fan et al. [11] recom-
mended for more relevant studies on students’ behaviour and engagement to be carried
out. Moreover, learning analytics can be used to examine students’ engagement from
different aspects, such as behavioural, cognitive, and emotional [51,52]. As mentioned by
Redmond et al. [2], future studies on student engagement need to include the five types of
student engagement in online learning, which are social, cognitive, behavioural, collabora-
tive, and emotional engagement, as multifaceted engagement to present comprehensive
findings that can enhance students’ learning performance. Therefore, it is important to in-
vestigate learning-analytic studies of engagement and various student-engagement aspects
in online-learning environments. Moreover, a systematic process is recommended for this
exploratory topic, and a systematic literature review was conducted.

3. Methodology

This study followed the procedure and recommendations of PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses), a popular and widely accepted
guideline for systematic reviews across multiple disciplines. PRISMA suggests a guide-
line in conducting a comprehensive literature review by (1) determining relevant studies
through inclusion/exclusion criteria, (2) carrying out a search strategy, (3) screening and
searching to distinguish potential studies, (4) describing and evaluating included studies
for review purposes, and (5) analysing and synthesising the findings.

3.1. Inclusion and Exclusion Criteria

This study established specific inclusion and exclusion criteria to classify the reviewed
articles in the scope based on the research questions generated. Table 2 outlines the inclusion
and exclusion criteria for this systematic literature review.

Table 2. Inclusion and exclusion criteria.

Inclusion Exclusion
Empirical studies Non-empirical studies such as reviews
Studies that were written in English Studies that were not written in English
Studies or publications that intended to use learning  Studies that were not conducted in universities, such
analytics on student engagement in online learning as schools and other institutions

Studies or publications that were published from
2011 to 2021

For the exclusion criteria, this review excluded non-empirical studies by virtue of the fact
that the research methodologies employed needed to be taken into consideration. Studies that
were not written in English were also excluded because English is the primary language used
in this study. Moreover, we excluded studies that were conducted in the K1-12 educational
setting, as they do not fall into the scope of this study, which is higher education. The
following sections explained more about the literature search and data screening.

3.2. Literature Search

Several databases, such as Scopus, Emerald, SAGE, Science Direct Journal, and Taylor &
Francis, were used as data sources, as they cover multiple publishers and are indexing bodies
that are well known and widely used worldwide. From the total of 595 articles found from
databases, based on the logic proposed by Boolean operators, specific and highly exclusive
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keywords and search terms were used to ensure that only relevant articles were included
in this systematic literature review. Keywords such as “student engagement”, “learning
analytics”, and “online learning” were used in the first stage of this study. This resulted in
the search for information (TITLE-ABS-KEY (“student engagement”) AND TITLE-ABS-KEY
(“online learning”) and AND TITLE-ABS-KEY (“learning analytics”)). Based on the searches,
this study found a total of 595 articles published on student engagement in online learning
and learning analytics in the context of higher-education institutions.

Later, the researchers downloaded the database-generated article information for
further investigation. After comparing the data, 436 similar articles were identified and
these duplicated articles were eliminated, reducing the number of articles for screening to
159. After screening the articles, 59 articles were excluded due to the lack of relevance in
the study scope, which further reduced the number of papers for retrieval to 100. A total of
23 articles could not be retrieved due to the inability to find the full text. The remaining
77 articles were downloaded for further analysis.

The analysis based on the predetermined inclusion and exclusion criteria further
excluded 15 articles due to methodological relevance, 12 articles due to unknown or vague
engagement being focused on the studies, and 8 articles due to topic relevance. After
considering the inclusion and exclusion criteria, 42 articles were included in the final
review for the study. Figure 1 depicts the research flow based on the guidelines and
procedures of PRISMA.

Identification of studies via databases and registers ]
—
Records identified from™:
o Databases (n =595)
‘% Scopus (n = 45) 5| Records removed before screening:
}E Emerald (n=200) Duplicate records removed.
§ SAGE (n = 66) (n=436)
= Science Direct (n = 150)
Taylor & Francis (n = 84)
. J
N ¢
Records excluded**
Records screened. (n=159) —» (n=59)
) »| Reports not retrieved.
%0 Reports sought for retrieval.
- (n=23)
b (n=100)
v
&
l Reports excluded:
Methodological relevance
Reports assessed for eligibility (n = [——» (n=15)
77) Specific engagement elements (n =
12)
— I
—_— Topic relevance (n = 8)
=]
é Studies included in review.
g (n=42)
—

Figure 1. Flowchart outlining the protocol adopted in this study based on Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA).
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4. Analysis of the Articles

The 42 articles underwent the identification, screening, and inclusion process recom-
mended by PRISMA [53] to answer the formulated research questions (see Supplementary Ma-
terials). They were analysed critically and analytically to determine the trends and direction
of learning analytics and student engagement in online learning. Table A1 (see Appendix A)
shows the 42 articles reviewed and included in this systematic review.

4.1. Year of Publication

This study analysed articles published within 10 years starting from the emergence of
learning analytics in educational contexts in 2011. Even though online learning and student
engagement have been a topic of debate for decades, the application of learning analytics on
student engagement to enhance students’ learning performance remains questionable [54].
Figure 2 shows the publication years and the number of papers selected in this SLR paper.

Count of Year of Publication

12
10

S N B O @

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

— f Year of
Count 0 .e“W o 3 1 2 4 2 9 4 4 11 1
Publication

Figure 2. Years of publication of the selected articles.

Figure 2 visualises the total number of articles based on the year of publication
retrieved for this study between 2011 and 2021. From 2011 to 2016, the number of published
articles fluctuated, as learning analytics was just beginning to enter the picture. However, in
2017, there was a spike in the published articles as a result of the change in the technological
trends in learning, probably due to the utilisation of LMSs in higher education. In 2020, the
number of studies regarding learning analytics and student engagement in online learning
was at a record high. It is assumed that the drastic increase happened due to the world
being affected by COVID-19 at that time, and that teaching and learning worldwide was
almost entirely switched to online learning. As reported by Leitner et al. [55], the learning-
analytics trend will only become more and more popular in the future, as it offers many
advantages—for example, instructors can assess data for self-reflection purposes or as a
measure to prevent dropouts and promote academic success. Therefore, it is necessary for
future researchers to explore and seek solutions to online-learning issues through analytics
and measure students” engagement to enhance their learning performance.

4.2. Geographical Locations

In this study, the included articles originated from a total of 15 countries that identified
student-engagement elements and used learning analytics to measure students” engage-
ment. Studies concerning learning analytics, student engagement, and online learning had
been conducted multiple times in Western countries such as the US, the UK, and Canada.
On the other hand, Asian countries such as Malaysia, China, and Indonesia also showed
interest in investigating the application of learning analytics and student engagement
in online learning. In line with that, it is crucial for future studies to ensure diversity
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of demographic backgrounds, as it presents manifold outcomes on student-engagement
issues in online learning and the application of learning analytics in enhancing students’
learning performance. By doing so, students and educators can implement the methods
and tools suggested in the studies that feature various types of sampling and demographic
backgrounds to enhance the learning—teaching quality and students’ learning performance
in online-learning settings. Figure 3 shows the geographical distributions of the articles
included in this review.

Geographical Distribution

Africa Australia
3% 3%

China
19%

5%

Taiwan
2% Finland
Spain 3%
y Hong Kong
Philippines Oman 3%
Indonesia

2% 2% /
Netherlands

2%

Figure 3. Geographical distribution.

4.3. Methodology of the Included Articles

Based on the included articles, the two main categories of methodology used were (i) the
qualitative approach and (ii) the quantitative approach. The majority of them were conducted
using the quantitative approach, except for [22], which used the qualitative method. The pie
chart (Figure 4) below visualises the types of methodology used in the included articles.

Types of Methodology

m Quantitative = Qualitative =
Qualitative

2%

Quantitative
98%

Figure 4. Methodology of the included articles.
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As learning analytics generally requires statistical analysis, the quantitative approach
would be more common. However, the qualitative approach can also be applied, as it may
provide extensive explanations, such as student perceptions of learning analytics.

5. Results
5.1. Research Question 1 (RQ1): The Types of Student Engagement in Online Learning

It is crucial to identify the types of student engagement involved in the study. Accord-
ing to Redmond et al. [2], the concept of online engagement should consist of (i) social,
(if) cognitive, (iii) behavioural, (iv) collaborative, and (v) emotional engagement. Thus, the
included articles were classified according to those types of student engagement, as shown
in Table 3.

Table 3. The types of student engagement in online learning.

Student Article Count Percentage (%)
Engagement
Social [27,56,57] 3 11.54
engagement
Cognitive [3,58-61] 5 19.23
engagement
Behavioural [48,62] 2 7,69
engagement
Collaborative [14,22,63,64] 4 15.38
engagement
Emotional [39,65-68] 5 19.23
engagement
Cognitive,
emotional, and behavioural [25,69-72] 5 19.23
engagement
Social,
cognitive, and behavioural [73] 1 3.84
engagement
Behavioural and emotional engagement [74] 1 3.84
Total 26 100%

Each element of student engagement is significant in enhancing students’ learning
performance. For instance, Lotz et al. [56] identified six themes branching out from social
engagement and interaction with peers in the online studio. Students’ social engagement
was determine based on their time spent on tasks, listening to lectures, quick social interac-
tion, commenting on posts, networking, and their spectrum of engagement. Cognitive and
critical thinking are crucial in learning. Seckman [59] pinpointed that to promote cognitive
engagement, learning should include feedback and interaction with peers and instructors.
The community in online learning can help students achieve engagement and improve
their learning performance. Redmond et al. [2] asserted that the act of sharing informa-
tion on online-learning platforms can reflect students’ cognitive engagement. Similarly,
Waheed [61] stated that student feedback is crucial in online learning. In his study, he
implemented a discussion forum that was geared toward students’ cognitive engagement
in learning and their feelings about being involved in the learning process. Collaborative
activities such as discussion forums often require students to work in a group and promote
a sense of community. These activities allow students to collaborate actively and give them
the autonomy to participate in their own learning, such as exchanging information with
the lecturer. In a way, they develop a sense of belonging in the learning process, and this
indicates students’” engagement [2]. In other words, active participation helps instructors to
be better aware of students’ engagement in learning.
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In online learning, the record of log-data files stems from students’ activities. The more
frequently a student visits the online-learning platform, the more actively engaged he/she
is in learning. Besides, it is also crucial for students to ensure that their emotions and
behaviours are connected. Students who are competent academically and emotionally en-
gaged will find success in their learning [66]. Students who can maintain positive emotions
and behaviours in online learning are prone to achieving better learning outcomes than
those who fail to maintain an emotional equilibrium. Past studies on student engagement
provide insights for instructors to find ways to encourage student engagement and increase
learning satisfaction even in distance learning.

On top of that, studies that addressed multifaceted engagement that incorporates more
than one type of engagement were usually able to propose measures that are more com-
prehensive [21]. The common elements of engagement clustered together are emotional,
cognitive, and behavioural. [25,69-74]. Through multifaceted engagement, instructors
can tackle students’ issues from various perspectives. For instance, Pilotti et al. [71] and
Tseng [25] identified the influence of instructor’s guidance and feedback on students’
emotional, cognitive, and behavioural engagement, which determines their learning perfor-
mance in online learning. In conjunction with the study, instructors can take immediate
measures to help students attain better experience with and expectations in learning.

It is possible to carry out a study that includes five types of student engagement, as
proven by Redmond et al. The engagement clusters found in this study are (1) behavioural
and emotional, and (2) social, cognitive, and behavioural. According to Fredricks et al. [21],
there is an increasing trend of carrying out studies on student engagement among educa-
tional practitioners because they contribute to learning and academic success. Integrating
more than one engagement element in a study can help educators to find better measures
to overcome students’ learning issues, especially in the setting of online learning.

5.2. Research Question 2 (RQ2): The Purpose of Using Learning Analytics on
Student Engagement

To analyse learning data, learning analytics is purposefully adapted to suit educational
contexts [42]. The intervention of learning analytics supports the learning—teaching process
by providing insightful educational datasets [42]. Therefore, in their study, Chatti and
colleagues presented a reference model for learning analytics for future research, including
the objectives of the learning analytics. Table 4 illustrates the purpose of using learning
analytics to measure student-learning databases in online settings.

Table 4. The purposes of using learning analytics.

Article Purpose Description

The aim is to develop a model to predict the
knowledge absorption and future performance of
students, which can be used for intervention
purposes. An example of intervention includes
suggesting actions that should be taken to help
students who need additional assistance.

[19,20,24,41,66,75-78] Predict

It tracks students’ activities and generates reports to
support decision-making. It is also related to
teacher’s evaluation of the learning process, which
can help improve the learning environment.
Examining and analysing the ways students use

Analyse a learning system can assist teachers in detecting
patterns and making decisions in terms of future
learning activities.

[66]

To examine the necessary conditions geared toward
[13,32,50,79,80] engagement in online-learning environments based
on the learning-analytics approach.
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Table 4. Cont.

Article Purpose Description

The aim is to develop a model to predict the
knowledge absorption and future performance of
students, which can be used for intervention

[19,20,24,41,66,75-78] Predict . ..
purposes. An example of intervention includes
suggesting actions that should be taken to help
students who need additional assistance.
[58] To provide feedback to both students and teachers
Feedback based on the analysis outcome of the efficiency of
[63] the learning process.

To study the potentials and pitfalls of learning
[49] analytics as a tool for promoting students’
well-being in online learning.

To study the engagement in LMSs and students’

[47] Others performance through learning analytics.

[65] To validate a theorised model of engagement in
learning analytics.

[48] To study learning analytics in collaborative learning.

Learning analytics is used to examine students’ online activities. It outweighs the
traditional survey and data-collection methods by providing timely evidence for practical
observation [10]. For instance, it can identify learners’ performance, which helps educators
to understand their students better [81], and most importantly, to determine student
engagement by tracking log-file data. Students” engagement can be tracked when students
actively participate and engage in online-learning activities [51,82]. Learning analytics
has the potential to provide an overall understanding of student engagement by forming
a model or framework that can enhance students’ learning performance [83]. Based on
Table 4, half of the articles used learning analytics to predict students’ learning process
in online learning [19,20,41,75-77]. By predicting students’ engagement and learning,
actions can be taken to assist students in need. Students’ learning behaviour can predict
academic success [41,47,50]. For example, Brozina et al. [47] suggested that the clarity of
learning instructions can influence students” behaviour in learning. In parallel to this claim,
Ma et al. [50] believed that instructors should design courses with clear objectives, as it is
one of the factors that lays the foundation of students” academic performance.

According to Chatti et al. [42], learning analytics allows instructors to explore the data
traces in online learning. Future researchers can refer to the learning-analytics reference
model proposed by Chatti et al. to determine the objectives and the types of student
engagement to help the students at risk in an online-learning setting. This study scrutinised
different purposes and methods involved in the application of learning analytics on student
engagement in order to shed light on how to enhance students’ learning performance.

5.3. Research Question 3 (RQ3): The Effect of the Use of Learning Analytics on Student
Engagement in Online-Learning Settings

The articles used learning analytics to track students” engagement in online learning.
Based on Table 5, four types of engagement (i.e., cognitive, collaborative, and behavioural)
surfaced in the reviewed articles. The type of engagement was, however, unknown in some
articles. The most popular type of engagement that utilises the assistance of analytics was
behavioural engagement, followed by cognitive, collaborative, and social engagement. Table 5
presents the use of the learning-analytics intervention on students’ learning in online settings.
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Table 5. The use of learning analytics for student engagement.

. Type of Online-Learning LA S,
Article Engagement Platform/Tool LA Role Intervention Findings
LA discovered that students’ cognitive , -
Students’” cognitive
= . Di ion f engagement can be promoted by Yes d
[58] Cognitive iscussion forum o . engagement was promote:
providing feedback through quality (feedback) -
: . . due to feedback given.
responses and discussion questions.
Online discussion LA suggested that feedback aids Yes Students” engagement and
[63] Collaborative usine Blackboard students’ engagement and assists (feedback) learning was strengthened by
8 their learning. feedback given.
VLE tools: :}i;i:igsfetfllfcltfgifhléﬁ ﬁ;’ir\i/tei;tudents Students learning was
[36] Collaborative OpenDesignStudio (ODS) to rocess to promote engagement agn d No improved and supported due
post forums, live chat, etc. proce P 898 to visualisation.
learning performance.
analysing Students grace pesformance Students’ final grades were
[84] Behavioural Moodle LMS ana’ysing gradep No increased with prediction but
in the LMS based on their A
1 . only slightly.
earning traces.
LA was used to predict students’ S\f:r(ie;;i dfel??é e?zg}cgtrgi‘;s
[76] Behavioural MOOC courses performance through participation in No ) precic
. final grades due to different
online tasks. - .
assignments during the course.
Video learning and
datamining through a
student-information system
[29] Behavioural (SIS), student online LA predicted students” performance No Students” performances and
activities from the LMS through online behaviour. interaction were improved.
Moodle and student
video-interaction data from
eDify (mobile application)
havi 1 _analvsi LA predicted students’ performance Students” teamwork d
Behavioura Case-analysis report P engagement was promote:
[77] . based on task participation and No i ;
and Social through Slack . . and positively influenced
interaction among students. ,
students’ success.
LA predicted that high learning Students” performance was
4 ehavioura tudent data on the erformance can be achieved with clear o redicted to be influence
[47] Behavi 1 Student d he LMS perf be achieved with cl N predicted to be infl d by
learning objectives from instructors. good learning engagement.
Instructors teaching through LA analysed that course design and
. instructor’s guidance are the keys to P .
- . an LMS, Tsinghua P L. . X Students’ actions in online
[50] Behavioural . X students’ positive behaviours in task No 3
Educational Online . . . learning was reported.
(THEOL) completion, which leads to improved
learning performance.
LA predicted students’ performance Students’ performance
[41] Behavioural Online platform through the CPT+ model based on their No behaviour was
behavioural engagement in learning. significantly predicted.
LA predicted students” academic Students” engagement and
, . Lo performance through their online performance was positively
(24] Behavioural Interaction in an LMS behaviour of self-regulated learning No influenced with better
and interactions. learning approaches.
Clickstream and answer LA predicted students’ grades based on Students’ behaviour was
[78] Behavioural iz on the MOOC platform students’ online behaviour No predicted to not correlated
! P and involvement. with performance.
LA analysed students’ grades Students” grades coincided
[75] Behavioural Activity on MOOC based on participation and No with positive participation and
academic-oriented behaviour. learning behaviour.
LA was used to assess students’ learning
Posts and discussion on experience and performance based on Students’ performance was
[13] Behavioural Canvas their behavioural engagement through No predicted to not be associated
self-directed learning and with their engagement.
collaborative learning.
LA was used to identify the study Students’ interaction was
[79] Behavioural Activity in VLE materials and the causes that affect No identified to influence
students” academic achievement. engagement in learning.
LA was used to monitor student
. . . engagement considering factors A comparison of students’
[80] Behavioural Daily trace data in VLE H R No .
affecting engagement, learning grades was carried out.
experience, and performance.
LA predicted students’ performance Yes Sz?ﬁ_ﬁiﬁ:jgfgﬁ hl
[85] Social Academic data in VLE based on students’” academic data using (visualised pre dicted. especiall gfoz
the AugmentED model. feedback) P s ¢ y

at-risk students.

LA: learning analytics.



Sustainability 2023, 15, 7849

13 of 25

Based on these articles, learning analytics has different effects on students” engagement
in online learning. In particular, it could be applied to measure students’ engagement
in online learning and predict students’ learning performance [13,41,47]. The results of
some studies also found that students’ learning performance was enhanced [29,36,58,63,77].
Additionally, the learning-analytics interventions implemented in the studies were also
found to serve as a treatment to assist and enhance students’ learning. A discussion forum
is a medium of learning whereby an instructor assists the learning process and provides
feedback as an intervention to ensure that students are motivated and engaged in their
learning [58,63]. Learning analytics determined students that needed feedback to enhance
their learning participation and performance. For instance, Casimiro and Aderibigbe [58,63]
provided feedback on the students’ discussion posts to ensure that they participated, and
it was shown that their learning and engagement was promoted. Casimiro [58] investi-
gated students’ cognitive engagement in discussion forums and discovered five conditions
that could determine students” engagement in online learning, namely, students posting
discussion questions, the quality of student responses, the learning community, student
characteristics, and teacher facilitation. Learning analytics provides quantified evidence
on students’ engagement, in which three out of five conditions—the type of discussion
questions, the quality of student responses, and the learning community—appeared to
promote students’ cognitive engagement. Aderibigbe [63] utilised learning analytics as
part of their methodology to quantify students” experience in online discussion forums
and strengthen their engagement in online learning. The study discovered that the discus-
sion forum aided students’ engagement in learning. The application of learning analytics
was also able to strengthen students’ engagement in online discussions and learning by
providing constructive feedback, clear guidelines, and reflective questions. Meanwhile,
Liu et al. [36] found that the visualisation from learning analytics gave students a chance
to reflect on and improve their learning. They used learning analytics to analyse students’
writing behaviours in collaborative activities. Hence, collaborative engagement in students’
learning was promoted via the visualisation that informed instructor on ways to assist
students in their learning.

Behavioural engagement is often measured through learning analytics, and predic-
tion is a forecaster of students’” learning performance. Students’ data traces in the LMSs
were analysed and predicted to inform instructors on what and how to ensure students’
learning and performance was improved [86]. For instance, students” behaviours to-
wards the learning task assigned is one of the predictive factors for their learning perfor-
mance [36,41,47,50,75,78]. The course design must be inviting so students will participate
in the learning activity and demonstrate positive behaviours in learning [13,50]. A study
conducted by Toro-Troconis et al. [13] investigated the Postgraduate Photography Pro-
gram to explore students’ insights and behaviours in online learning. They used learning
analytics as an indicator of students” engagement through low-end cognitive activities
(self-directed learning) and high-end cognitive activities (collaborative learning) while
assessing students’ learning experience and performance. Toro-Troconis et al. ascertained
that learning analytics could be used to determine students’ engagement in online learning.
Similarly, Nguyen et al. [80] expressed that learning analytics is applicable to identifying the
study materials and the causes that determine students’ learning success. They suggested
that the design of an online-learning course needs to be done carefully and considerately, as
it affects students’ learning experience and performance to a large extent. Hence, prediction
of students’ learning activity indicates what and how instructors can promote learning
engagement and performance in online-learning settings.

Students’ behaviour and performance can also be affected by learning instructions [47].
Brozina et al. emphasised the importance of having clear objectives in course delivery via
an LMS in students’ online-learning performance. They discovered that students perform
better in their learning when instructors provide clear instructions on the activity to be
conducted. To conclude, course design and clear instructions facilitate students’ behavioural
engagement in online learning and serve as the prerequisite of academic success.
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On the other hand, Hasan et al. [29] observed students’ activity in online learning using
videos. They tracked and analysed students’ interactions in the video recorded to assess
their learning outcomes. They discovered that students’ learning performance could be
predicted by video analysis based on the time spent and the interactions shown in the video.
Moreno-Marcos et al. [76] analysed the factors that affect students” performance. They
figured that task participation is a significant factor in students’” success in online learning.
Students who engaged in online tasks were predicted to achieve better performance. These
studies proved that students’ participation in online learning was associated with their
learning performance; however, the types of student engagement were vague.

Even though learning analytics is helpful in determining students” engagement
based on their behaviours in online learning, the data can be manipulated. A study
by Holmes [79] involving second-year undergraduate Physical Geography students at
University of Northampton, UK, investigated the module delivered to students in a virtual
learning environment (VLE). There were three modules; one used continuous e-assessment
and the other two adopted traditional assessment methods. Holmes monitored students’
activity through the number of hours spent in the VLE, the number of logins, and the
frequency of interaction with the learning content to determine students” engagement. The
findings showed a significant increase in students’ engagement with the use of continuous
e-assessment in the VLE as compared to that of traditional assessment methods; notwith-
standing, the researcher asserted that the interpretation of the data needs to be carried out
cautiously. This is because he detected a contradictory finding whereby students who spent
fewer hours in the VLE achieved better results in the e-assessment in the same study. All in
all, learning analytics is helpful in monitoring student engagement in a VLE. Other factors
that could affect students” engagement should not be neglected either, as they can help
maintain said engagement and enhance the learning experience [79].

It is suggested that future researchers be specific on the methods and the objectives
of learning-analytics interventions used in measuring engagement in online learning to
capture the full potential of LA [42]. In the following subsections, the review of the included
articles is presented to determine the use of learning analytics on students’ engagement to
enhance their learning performance.

6. Discussion

This paper aimed to study the effects of utilising learning analytics in the handling of
student-engagement issues in online-learning settings to enhance learning performance.
Among the 42 articles included, 26 articles were identified with distinctive engagement
and multifaceted engagement, and 15 articles were found to utilise learning analytics to
enhance students’ learning performance. This section discusses the findings based on the
research questions to identify the gaps found in the articles.

There were different types of student engagement, such as behavioural engagement,
cognitive engagement, emotional engagement, collaborative engagement, and social en-
gagement, as proposed by Redmond et al. [2], which can be used to identify the effects
on students’ learning performance. Thus, it is interesting to examine the types of engage-
ment that were taken into consideration in the current research studies. There were also
studies that incorporated multifaceted engagement (e.g., cognitive engagement, emotional
engagement, and behavioural engagement). This study highlighted the importance of
multifaceted engagement in learning. As claimed by Fredricks et al. [21], multifaceted
engagement allows educators to understand and encourage students to learn and achieve
better learning outcomes, as it caters to different aspects of students’ learning needs.

There were studies on multifaceted engagement that integrated cognitive, behavioural,
and emotional engagement together [25,69-72]. For instance, Adams et al. [69] discovered
that demographic factors such as age, gender, etc. are closely related to students’ engage-
ment (cognitive, behavioural, and emotional) in online-learning activities. In addition,
Tze et al. [72] investigated how the length of time spent on MOOC can affect students’
behavioural, cognitive, and emotional engagement, to which end they discovered that each
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type of engagement varies from person to person. Alshuaibi et al. [70] suggested that social
media has the potential to engage students in learning; however, it only promotes cognitive
engagement and not behavioural and emotional engagement. They found that students are
in charge of their learning on online platforms and are the ones who decide the ways in
which they engage with the learning content.

Moreover, multifaceted engagement can enhance students’ learning performance. For
instance, Pilotti et al. [71] examined the relationship between student engagement and the
presence of instructors on academic performance. On the other hand, Tseng [25] investi-
gated the influence of teacher assistance on students’ learning engagement. Pilotti et al.
examined how classroom size can affect teacher instruction and student engagement. The
findings showed that bigger classrooms yield low cognitive and behavioural engagement,
and that emotional engagement helps to improve students’ learning performance. Mean-
while, Tseng [25] proposed that teachers’ instructions fostered cognitive and behavioural
engagement, but this was not the case for their emotional engagement. This is because
students’ emotional state was disturbed by the overlapping of instructions; hence, their emo-
tional engagement was promoted less. It is appropriate to consider cognitive, behavioural,
and emotional engagement together, as they collectively reflect students” online learning
and academic performance. In line with that, Sinha et al. [73] studied behavioural and
social engagement, as they believed that each engagement co-affects every other. To explain
further, students’ positive learning behaviours encourage them to be socially engaged. In
summary, a study that features multifaceted engagement can produce more comprehensive
measures to overcome online-learning issues and achieve academic success.

Nevertheless, based on the articles reviewed, none of the studies integrated the
five types of engagement, namely, (i) social, (ii) behavioural, (iii) collaborative, (iv) cog-
nitive, and (v) emotional. The author believes that by integrating more than one type of
engagement in a study, more efficient measures can be taken to solve online-learning issues
among students. Therefore, more extensive research needs to be carried out to look into
different types of student engagement or collective engagement in online learning. That
way, various outcomes on how different combinations of engagement affect both students
and educators can be obtained, especially in the context of higher education.

Furthermore, learning analytics refers to the process of presenting and analysing
data so that actions can be taken [42]. Through learning analytics, students” academic
performance can be enhanced, as it helps educators to understand their students better [81].
Based on the articles reviewed in this study, it was found that behavioural engagement was
commonly measured through learning analytics (please refer to Table 5). Learning analytics
was proven to be effective in predicting students’ behaviours in online learning to achieve
better learning performance [24,41,75,85]. For instance, Zhao et al. [85] developed an
academic-prediction model by analysing students’ behavioural patterns in online learning,.
They found that learning analytics has the potential to provide data on students’ learning
and thus predict their academic performance. Pardo et al. [24] explored the data of self-
regulated learning and students’ participation in online activities and confirmed that they
could predict students’ learning performance. Data that reflect students’” behaviours in
online learning can be used by instructors to improve the task design of their teaching.
Lotz et al. [56], on the other hand, found that there is a positive correlation between
engagement and interaction in online learning that leads to students’ success. In online
learning, students are encouraged to form a community to share their thoughts and engage
in social networking.

Learning analytics can provide information on factors related to students” academic
success. It was suggested that the instructor’s presence and guidance in online learning
are instrumental to students’ learning performance [47,50]. In addition, learning analytics
was used to identify the factors affecting students’ success in online learning and it was
found that social interaction [77], course design [13,50,84], and collaborative or teamwork
tasks [49,76] are effective in enhancing students’ online-learning performance. In addition,
Moreno-Marcos et al. [76] predicted students’ learning performance through several fea-
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tures of LMSs, such as clickstream data, course duration, the exercises given, and students’
previous grades. They found that the best predictor for students’ success was participation
in exercises. Students who completed the exercises achieved better learning performance.
Similarly, Fincham et al. [75] echoed that students’ behaviours and tendency to participate
in learning tasks were associated with good academic grades. This shows that students’
positive behaviours in online learning encourage them to engage in learning and hence
lead to better learning performance [78]. In short, students’ data traces, which reflect their
behaviours and participation in online learning, can be interpreted by learning analytics to
uncover the iceberg of their academic performance.

Previously, Chatti et al. [42] stated that intelligent tutoring and adaptations are the
primary purposes for researchers to use learning analytics in their studies. However,
based on the articles reviewed, learning analytics is commonly used to predict students’
engagement to enhance their learning performance. To add to that, the consideration of
other factors affecting students’ learning [79], such as the design of courses materials [80],
can also improve students’ learning experience and performance [13]. Thus, more studies
need to be conducted to further explore the potentials of student engagement in online
learning by utilising learning analytics. Future researchers can refer to the learning-analytics
reference model configured by Chatti et al. to determine the objectives and types of student
engagement to support students at risk in online learning.

Learning analytics is undeniably helpful in the online-learning context. Its capability
to provide statistical evidence on students’ learning progress in online learning is beyond
doubt. Learning analytics is also adapted to the online learning context in that it measures
student engagement to enhance their learning performance. This can improve online
teaching-learning. Therefore, it is crucial to incorporate learning analytics into studies
that revolve around student engagement so that it can help both educators and students,
respectively, in their teaching and learning in an online setting. Future researchers are
encouraged to sail into the uncharted territory of using learning analytics for different
objectives, such as monitoring and analysis or assessment and feedback, to aid educators
in finding innovative solutions to counter engagement issues in online learning.

7. Conclusions

This study identified a gap in the application of learning analytics on student engage-
ment to enhance students’ learning performance. The review of the articles found that none
of the studies integrated the five types of student engagement together for comprehensive
findings. By applying learning analytics to measure student engagement in online learning,
instructors and students will benefit in their teaching and learning process, respectively,
to achieve academic success. Lee [44] emphasised that the implementation of learning
analytics on student engagement can enhance learning performance. Through learning
analytics, students’ log files and participation in online learning activities can be traced [47].
This keeps the instructors informed so they can give timely warnings and prevent dropouts.

Moreover, in this pandemic era, higher-education institutions frequently employ
online instruction. Hence, it is crucial to have more research relating to student engagement
to improve the quality of online learning. Salas-Pilco et al. [87] asserted that the quality of
online learning can be ameliorated by paying attention to the technological aspect such as
social networking platform [88] and teaching approach, which are capable of promoting
engagement in learning. In addition, multifaceted engagement in online learning can
provide multidimensional solutions to dealing with online-learning issues in a thorough
manner. The idea of combining all five elements of student engagement as a comprehensive
measure with clear definitions and guidelines for future researchers to further explore
student engagement in online learning needs to be taken seriously. Recent studies have also
indicated that multifaceted engagement can provide factual findings on how these elements
of student engagement can help educators to improve students’ learning experience and
performance in the online-learning setting [70,71].
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Furthermore, past studies have also shown the potential for learning analytics to
predict student dropout and provide targeted intervention [89] to encourage school com-
pletion [90], thereby allowing for a more sustainable education [91]. Therefore, this study
is expected to add value to the future application of learning analytics to measure multi-
faceted engagement in online learning to enhance students’ learning performance, which
can enable a more sustainable education.

8. Limitations and Recommendations

The findings of this review paper provide insight into one of the most discussed online-
learning issues, namely, student engagement. In addition, valuable recommendations
regarding the potential of learning analytics on student engagement to enhance students’
learning performance are provided. However, there are limitations that need to be addressed
by future researchers so that they can study the issue in a more comprehensive manner. The
main limitation of this paper is the limited number of studies reviewed (42 studies from 2011
to 2021). Due to this limitation, prominent pedagogical approaches such as blended learning,
flipped classrooms, etc., are absent in this review. Future researchers are recommended
to expand their research to include more studies that have integrated these engagement
elements and to look for more studies that involve multi-layered engagement to see how
the engagement influences students’ learning outcomes, as many educational institutions
these days are using the online setting as a medium of instruction. These limitations should
be taken into consideration by future researchers so that they are able to conduct more
extensive and comprehensive studies on the utilisation of learning analytics on student
engagement in different online-learning settings. In particular, future studies can examine
student engagement in online settings and how the engagement-analysis outcome can be
used to inform the development of interventions to overcome learning problems such as
dropouts and poor learning performance. In addition, future researchers can develop a
learning platform that incorporates multifaceted engagement, such as social, cognitive,
collaborative, behavioural, and emotional engagement in online learning.
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Appendix A

Table A1l. List of articles included.

Year of .. Types of s s
Label  Paper Publication Origin Methodology Engagement Purpose of Research Findings
;zgg;ﬁs:r%a;e :rr;l(ir?tnianlyse Emotions related meaningfully
Al [67] 2011 Canada Quantitative Emotional ' engag , to students’ learning
enhancing students and performance
learning performance. p ’
Hon To promote students’ interaction zgg:iézt:;?gll (::1 afp eeril:ri Lou ¢
A2 [57] 2012 & Quantitative Social and social networking in © socia engag
Kong . . had a limited impact on
online learning. -
cognitive engagement.
To promote students’ interaction fﬁ:iﬁﬁfgﬁfﬁzﬁ]egnavi?t\}/ldy m
A3 [90] 2012 Malaysia Quantitative Collaborative and social networking in . N .
. . minimal intervention from
online learning.
the lecturer.
Students” emotions were present
A4 [39] 2012 Canada Quantitative Emotional To develop a sense of community (1) when they were involved in
in online learning. discussion (2) in engaging
experiences in online learning.
. . Students demonstrated positive
To develop learning persistence behaviours in discussions due to
A5 [62] 2013 Malaysia Quantitative Behavioural and engagement among students i -
i . . the implementation of
in online learning. . .
collaborative learning.
To investigate and analyse There was a positive relationship
student engagement in between cognitive-engagement
A6 [59] 2014 USA Quantitative Cognitive enhancine students’ activities and learning outcomes
neng due to participation in
learning performance. learni
earning tasks.
To investigate students’ Students struggled to contribute
A7 [60] 2014 Malaysia Quantitative Cognitive vestigate messages at a high level of
cognitive ability. s
cognitive engagement.
To investigate and analyse There was a positive correlation
- - . student engagement in between engagement and
A8 561 2015 UK Quantitative Social enhancing students’ interaction in the online studio
learning performance. and students’ success.
Through social-media
implementation in learning,
students were more concerned
To promote students’ interaction with the quality of information,
A9 [27] 2015 Indonesia Quantitative Social and social networking in as comprehensive of
online learning. communication enhanced
engagement and promoted an
active learning process for
better performance.
Social. cognitive To develop learning persistence The quality of student
A10 [73] 2015 USA Quantitative behza vi gural ’ and engagement among students  engagement influenced students’
in online learning. performance in online learning.
Students’ cognitive engagement
To investieate students’ was quantified and could be
All [58] 2016 Philippines  Quantitative Cognitive vestigaie promoted by providing quality
cognitive ability.
responses and
discussion questions.
. . Students showed positive
To develop learning persistence ercentions and behaviours in
Al12 [65] 2016 Indonesia  Quantitative Behavioural and engagement among students pereep . . .
. . . online learning, and it resulted in
in online learning.
good grades.
Social and cognitive engagement
could be fostered through
. . feedback provided in the learning
To investigate and analyse d invol .
. s . . student engagement in process and mvo vement in
A13 [61] 2017 Australia Quantitative Social, emotional enhancine students’ group activities. They helped to
learnin ger formance promote a sense of community,
&P ’ which in turn allowed students to
share and gain more in their
learning process.
Students” communication
Ald 48] 2017 China Quantitative Behavioural To develop a sense of community ~ behaviours in online courses

in online learning.

reflected their sense
of community.
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Table Al. Cont.

Year of - Types of Lo
Label  Paper Publication Origin Methodology Engagement Purpose of Research Findings
Cognitive, "sf&gevris‘t;fa;e earrxll(ir?tniilyse Classroom size affected teachers’
Al15 [71] 2017 USA Quantitative behavioural, nhanci 838 dents’ instruction and
emotional enhancing students students” engagement
learning performance. '
To identify how the length of
Cognitive, time spent by students on MOOC  The level of anxiety influenced
Aleé [72] 2017 Canada Quantitative behavioural, can affect their behavioural, students” engagement in
emotional cognitive, and online learning.
emotional engagement.
The use of social media to
promote students’ collaboration
To promote students’ interaction ?;dtﬁggfziirgjggy;‘;mtal’ asit
Al17 [64] 2018 Africa Quantitative Collaborative and social networking in y . lutions in which
online learning coqstructlye solutions in whic
' social media could help enhance
students’ learning, competence,
and ultimately performance.
To investicate and analvse Social media had the potential to
Cognitive, student e f Jcement iny engage students in learning. It
Al18 [70] 2018 Malaysia Quantitative behavioural, enhancin ?; " § dents’ only facilitated cognitive
emotional learnin gerformance engagement, but not behavioural
&P ' or emotional engagement.
To develop learning persistence The use of discussion forums as
A19 [63] 2020 Malaysia Quantitative Collaborative and engagement among students  an intervention in online learning
in online learning. aided students’ engagement.
To promote students’ interaction Positive interaction could be
A20 [22] 2020 Finland Qualitative Collaborative and social networking in meaningful in the collaborative
online learning. learning progress.
To investigate and analyse Students were emotionally
student eneagement in engaged in their learning, and
A21 [66] 2020 USA Quantitative Emotional enhancinggs " § dents’ competence was the only
learning performance. predictor of
emotional engagement.
To develop learning persistence Students’ online interaction and
A22 [68] 2020 China Quantitative Emotional and engagement among students emotional engagement were the
in online learning central determinants of
’ learning persistence.
Demographic factors such as age,
Cognitive, To develop learning persistence gf?ﬁ:ﬁ ‘e;:l' (;}7:19 Zloszll}e];flated
A23 [69] 2020 Malaysia Quantitative behavioural, and engagement among students (cognitive behavgioi ral. and
emotional in online learning. gnItve, b ’
emotional) in
online-learning activities.
Student—faculty interactions were
Behavioural To promote students’ interaction positively linked to the effort
A24 [74] 2020 USA Quantitative emotional ’ and social networking in expended by students and
online learning. behavioural and
emotional engagement.
Students displayed low cognitive
. - - To investigate students’ engagement due to the lack of
A25 [3] 2020 Malaysia Quantitative Cognitive cognitive ability. cognitive demand and
mental effort.
Cognitive, To predict students” performance Students’ performance varied
A26 [25] 2021 China Quantitative behavioural, from LMS data by analysing 17 2CTOSS coulises
emotional different courses on Moodle. ’
To use learning analytics to The visualisation from learning
. - . analyse students’ writing analytics offered students a
A7 (361 2017 China Quantitative Collaborative behaviours in collaborative chance to reflect on their
writing activities. writing process.
To study the potentials and
A28 184] 2017 Netherlands Quantitative Unknown pitfalls of learmpg analytics asa LA was psed to a551s,t staff in
tool for supporting students supporting students’ learning.
well-being.
To analyse factors influencing The online tasks or activities
A29 [49] 2018 UK Quantitative Unknown learner performance with were effective in predicting
learning analytics. students’ learning performance.
Elﬂr‘féf_teﬁﬁ?;tﬁ; g:;ﬁ?s?;;‘;e Students” academic performance
A30 [76] 2020 Spain Quantitative Unknown & could be predicted using

using video-learning analytics
and data-mining techniques.

learning analytics.
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Table Al. Cont.
Label  Paper Year of Origin Methodology Types of Purpose of Research Findings
Publication Engagement
LA could predict high learning
To study the engagement in performance in LMSs, and clear
A31 [29] 2020 Malaysia Quantitative Unknown LMSs and students” performance objectives from instructors
through learning analytics. increased students’ LMS usage
and performance.
To examine the necessary . .
conditions for engagement in Co&rsi de51grn ?ﬁd ll(nstrltlctor
A32 [47] 2019 USA Quantitative Behavioural online-learning environments gu da ce; were eb ?’S © .
based on a students posltlve ehaviours in
learning-analytics approach task completion.
- . - . To integrate learning analytics to LA coulc} significantly predict
A33 [50] 2015 China Quantitative Behavioural . , students” performance
predict students’ performance. . .
in learning.
To study the combination of Students’ behaviours in online
self-regulated learning indicators ~ learning indicated noteworthy
A34 [24] 2017 Oman Quantitative Behavioural and engagement with results on their academic
online-learning events to predict performance in
academic performance. self-regulated learning.
To predict behaviour-based Students’ behaviours in online
A35 [78] 2017 Taiwan Quantitative Behavioural grades for MOOC via time-series learning influenced their
neural networks. learning performance.
Students’ participation and
A36 [75] 2017 UK Quantitative Behavioural To validate a'theorlsgd model gf academm'—c')rlented be'havmu?s
engagement in learning analytics. ~ were positively associated with
their grades.
To predict academic performance
A37 [87] 2019 China Quantitative Behavioural based on multi-sourced and The gugmented lmodel could
- . predict students’ performance.
multi-featured behavioural data.
. - To study learning analytics in Social influence and tea mwork
A38 [77] 2020 China Quantitative Unknown collaborative learning engagement had positive effects
i on students’ success.
To predict students” performance Students’ perf ied
A39 [86] 2019 China Quantitative Unknown from LMS data by analysing 17 udents: pertormance varie
different courses on Moodle. ACTOSS COUTSES.
Learning analytics could be used
To use learning analytics to to determine students’
A40 [13] 2018 UK Quantitative Behavioural explore students’ insights and engagement in 'onhne learning,
behaviours in online learning and course design affected
' students’ learning experience
and performance.
To analyse black minority There were gaps between BMEs’
ethnicities’ (BMEs’) and white and white students” academic
Adl 182] 2020 UK Quantitative Behavioural students behav1ou?a1 ) attainment based on thelr.
engagement on their attainment behavioural engagement in
differences in online online learning using
distance learning. learning analytics.
To investigate the modules . .
. . , Learning analytics helped to
A42 [81] 2018 UK Quantitative Behavioural dehve.red ar}d monitor stude'r\ts monitor student engagement in
behaviours in a virtual learning
environment (VLE) the VLE.
Appendix B
Table A2. Types of engagement and purposes of learning analytics.
A T f
Label Author Description Enga%eesn?ent
Al [86] To predict students’” performance from LMS data by analysing 17 different courses in Moodle.
A2 [29] To predict student performance in higher-education institutions using video-learning analytics and
data-mining techniques.
- - - - - Unknown
A3 [76] To analyse factors influencing learners’ performance with learning analytics.
A4 [49] To study the potentials and pitfalls of learning analytics as a tool for supporting student wellbeing.
A5 [77] To study learning analytics in collaborative learning.
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Table A2. Cont.
L. Types of
Label Author Description
Engagement
A6 [41] To integrate learning analytics to predict students’ performance behaviours.
A7 [24] To study the combination of self-regulated-learning indicators and engagement with online-learning
events to predict academic performance.
A8 [78] To predict behaviour-based grades for MOOC via time-series neural networks.
A9 [36] To use learning analytics to analyse students’ writing behaviours in collaborative writing activities.
A10 [47] To study the engagement in LMSs and students’ performance through learning analytics.
All [50] To ex.amine the necessary conditions for engagement in online-learning environments based on a Behavioural
learning-analytics approach.
Al2 [75] To validate a theorised model of engagement in learning analytics.
Al3 [13] To explore students’ insights and behaviours in online learning.
Al4 182] To analyse students’ behavioural engagement in terms of their attainment differences in online
distance learning.
To investigate the modules delivered and monitor students’ behaviours in a virtual learning
Al5 [81] .
environment (VLE).
Al6 [87] To predict academic performance based on multi-sourced and multi-featured behavioural data. Social
Al7 [58] To investigate students’ cognitive engagement in the discussion forum. Cognitive
Al18 [63] Student engagement in online discussions. Collaborative
Table A3. Objectives of learning analytics in the Learning Analytics Reference Model [42].
Objectives Description
To track students’ activities and generate reports to support
decision-making. It is also related to teachers’ evaluations of the
Monitoring /analysis learning process to improve the learning environment. Moreover, it
& Y examines and analyses the ways students use a learning system that
can assist teachers in detecting patterns and making decisions on the
future design of learning activities.
The aim is to develop a model that can predict the knowledge
absorption and future performance of students, which can be used for
Prediction/intervention intervention purposes. An example of intervention includes
suggesting actions that should be taken to help students who need
additional assistance.
. . Tutoring focuses on the teaching process (control of the tutor),
Tutoring/mentoring . .
whereas mentoring focuses on the learning process of students.
To provide feedback to both students and teachers based on the
Assessment/feedback X .. N
assessment of the efficacy and efficiency of the learning process.
Adaptation is to be carried out by the teacher/tutoring system or
Adaptation educational institution. It is concerned with guiding students with the
P next move by organising and establishing instructional activities and
learning resources based on individual needs.
Personalisation refers to assisting students in making decisions about
their own learning and continuously shaping their PLEs to achieve
. . learning goals. Meanwhile, the recommender system plays a role in
Personalisation/recommendation P . ; . . .. .
ostering self-directed learning by recommending explicit and tacit
knowledge nodes based on individual preferences and activities of
other learners with similar preferences.
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