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Method and objective: In response to this critique, we investigated the role of learn-
ing design in learning analytics through a systematic literature review. 161 learning
analytics (LA) articles were examined to identify indicators that were based on learn-
ing design events and their associated metrics. Through this research, we address
two objectives. First, to achieve a better alignment between learning design and
learning analytics by proposing a reference framework, where we present possible
connections between learning analytics and learning design. Second, to present how
LA indicators and metrics have been researched and applied in the past.

Results and conclusion: In our review, we found that a number of learning analytics
papers did indeed consider learning design activities for harvesting user data. We also
found a consistent increase in the number and quality of indicators and their evolu-

tion over the years.
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1 | INTRODUCTION

Over the past three decades, the field of learning and education has
evolved from traditional campus-based courses to become widely medi-
ated by digital technologies in which students and teachers leave digital
traces of data throughout the learning process. Examples of this include
interaction with institutional Learning Management Systems (LMS) and
participation in massive open online courses (MOQCs). Learning analyt-
ics (LA) has played a significant role in this development
(Ferguson, 2012). Around 2009, LA developed as a field of study with

the aim of improving learning and education by means of collecting and

analysing educational data from teachers and learners. To date, a wide
variety of approaches to conducting LA have been introduced, from
basic counts such as login/logout time and frequency (Park & Jo, 2015;
Rogers et al., 2014) to highly sophisticated inferences, for example, self-
regulation (Ruiz et al., 2016; Schumacher & Ifenthaler, 2018) or engage-
ment (Coffrin et al., 2014; Elbadrawy et al., 2015).

LA has stimulated interest among various communities in the
learning sciences, for example, psychometrics (Drachsler &
Goldhammer, 2020), neuroscience (Calle-Alonso et al., 2017) and so
forth. These sister communities investigate, for instance, how LA can

inform the use of constructs such as engagement, meta-cognitive
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skills, time planning and so forth. This widespread interest has made
the field of LA increasingly heterogeneous, and as a result, it is chal-
lenging to obtain an overview of the field in order to identify best
practices. In addition, the terminology used is also very heteroge-
neous; for example, LA metrics (measurements) and indicators are
widely used interchangeably in the LA literature, and so the identifica-
tion of effective LA approaches is not straightforward. To obtain an
overview of the effective use of LA, initiatives such as the LACE evi-
dence hub?® have been created. The evidence hub aims to provide an
overview of effective and ineffective LA studies according to four
propositions; whether they improve and support learning outcomes,
improve learning support and teaching, are used widely, and are used
ethically (Ferguson & Clow, 2017). The need to create an overview of
LA indicators has also been re-identified by other researchers in the
field. In a recent article by (Saqr et al., 2022) examines if and to what
extent frequently used indicators of success are portable across a
homogenous set of courses. Nonetheless, identifying a suitable LA
approach for a specific activity or construct remains a challenge due
to the heterogeneity of the vast range of applications that LA has
been used for and the terminology used to describe them.

A second problem in the field of LA is concerned with its data-
driven approach and lack of alignment with pedagogical models, with
the result that outcomes which are integrated into their educational
context still scarce (Bakharia et al., 2016; Martin et al., 2016). More spe-
cifically, we can track a lot of data about the learning process, but it is
not clear how to use the resulting datasets to identify relevant indica-
tors that can be used to support this learning process (Ferguson, 2012).
For example, in (Park et al., 2017), the authors track student behaviour
from clickstream data (i.e., the number of clicks, number of views, num-
ber of downloads) along with timestamps. However, it is also not clear
how to present these findings back to the teachers and learners in an
intelligible format to improve the learning process (Chatti et al., 2014;
Macfadyen et al., 2020). For example, if someone wants to use LA for
reading comprehension, it is not clear what data needs to be collected
nor how to use it to provide meaningful indicators about the students'
progress in this particular area. Thus, there is a need for clear guidelines
on the meaningful application of LA for different learning scenarios.

For a pedagogically meaningful implementation of LA that
improves the learning and teaching process and provides positive
effects on student learning outcomes, an alignment between LA and
Learning design (LD) is essential (Blumenstein, 2020). In the late 1990s,
LD started to appear in the literature for education, but the concept is
as old as the concept of teaching (Conole & Fill, 2005). LD, or design
for learning, is defined as the design or development of an actual unit
of learning (for example, a course or a learning event), and it considers
what, when, where and how to teach (Koper, 2006; Koper &
Tattersall, 2005). A decade ago, in the early stages of LA, the signifi-
cance of synergies among LA and LD had already been identified
(Lockyer & Dawson, 2011), but a recent study concludes that research
is still needed to investigate which LD activities are best suited for

learners in a particular learning scenario (Macfadyen et al., 2020).

Lhttps://lace.apps.slate.uib.no/evidence-hub/
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In this study, we attempt to address these problems by answering

the following research questions:

RQ1. How are learning analytics indicators associated
with learning events and learning activities (see Section 2.1
for definitions) related to learning design?

e With this RQ, we aim to create a reference framework that allows
us to depict the connection between LA and LD and investigate
how the learning objectives are associated with learning activities
from LA and LD and how these learning activities are used to iden-
tify the LA indicators. To dig deeper into the research and get an
overview of the used indicators, we conducted a literature review
using our proposed reference framework as a guideline. Hence,
leading to our RQ2.

RQ2. Which learning analytics indicators and metrics
have been researched and used according to the learning

analytics literature?

e With this RQ, we aim to identify the list of indicators used in the
past along with their metrics (see Section 2.2 for definition). More-
over, we present a list showing the evolution of the most com-
monly used indicators that have been developed and used over the

past 10 years.

2 | ALIGNING LD WITH LA

A criticism of LA concerns its data-driven approach, which does not
necessarily always align with the pedagogical aspects of education
(Jivet et al., 2017, 2018). A study by (Macfadyen et al., 2020) argues
that evidence-based research is required to see how practitioners make
LD decisions or design activities and how learners respond to these
decisions. Another dilemma that LA faces is that its widespread use in
sister communities generates heterogeneity, making it difficult to iden-
tify effective LA approaches. Following this line of thought, we consider
that aligning LA with LD is a step forward to address these issues.
Some scientific work has already been conducted to investigate
the relationship between LA and LD. The work reported in
(Toetenel & Rienties, 2016) extended and evaluated the seven steps
framework in (Rienties & Toetenel, 2016) by analysing 157 LDs using
LA techniques to evaluate the impact of teaching and learning. Several
studies have already looked at possible connections between LA and
LD. For example, the study by (Leclercq & Poumay, 2005; Verpoorten
et al., 2007) presents a framework that shows how LD can be
enhanced with LA for a case-based learning scenario. Studies such as
(Bakharia et al., 2016) and (Martin et al., 2016) propose frameworks
where LA can be used to inform teachers about the effectiveness of
the LD of their courses. Further, in (Bakharia et al., 2016), the authors
identified that analytics methods and tools enable teachers to
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evaluate their LD, for example temporal analytics, comparative analyt-
ics, cohort dynamics, contingency tools, and intervention tools. A
study by (Martin et al., 2016) argues that the process of collecting and
analysing data based on the quality matters framework also supports
teachers in assessing their LD. Finally, a more recent study by
(Blumenstein, 2020) states that aligning the students' learning activi-
ties and their learning outcomes leads to positive effects in student
learning that result in collaborative and self-reliant learning skills.
Authors in (Lockyer et al., 2013; Mangaroska & Giannakos, 2017,
2018) recognize room for improvement in the alignment of LA and LD,
including in the provision of common guidance on use, interpretation and
reflection on the LA to analyse and redesign learning activities appropri-
ately, and to evaluate the impact of LA outcomes on LD decisions.
Despite these efforts, studies show that a generalized framework
or guidelines to align LA with LD is still missing. The systematic litera-
ture review reported in (Mangaroska & Giannakos, 2018) showed that
only a minority of LA studies have actually been used to inform
teachers and, in this way, to support their LD. A recent study on LD
and LA by (Macfadyen et al., 2020) indicates that the challenges and

future directions that still need attention are:

e There is a need for more comprehensive and practical studies that
show which LD decisions can best inform LA approaches. It is cru-
cial to appropriately describe how practitioners make these deci-
sions and how learners acknowledge them.

e Research is needed to explore the personalization of learning activi-
ties; we need to establish who is teaching, who is learning, and how
and for whom to design a particular and suitable learning activity.

e There is a need to explore design practices in order to support
practitioners in designing learning activities as they engage more
frequently with LA.

e There is a need for a methodological approach to the collection of
LA and LD data from the literature to analyse and find out how to

design the ‘right’ learning activity at the right ‘time’ for learners.

To address the challenge of providing a general alignment
between LA and LD we propose a reference framework (see Figure 3),
which is the continuation of the work presented in (Ahmad
et al., 2022). Our framework highlights our synergic approach to LA
and LD, which aims to answer our first research question that deals

with the association of LA indicators, learning events and learning
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activities related to LD. There are four reasons why our proposed ref-
erence framework can be of value. First, it presents an overview that
helps in investigating and understanding the process flow of LA-LD
elements. Second, it assists in recognizing the data processing needed
to classify LD events, LD-LA activities, LA indicators and LA metrics.
Third, it displays the use of LD-LA activities and their connection to
LA metrics and indicators presented in Tables A1 and A2. Finally, it
proposes how activity outcomes from a LD can be visualized, vali-
dated, presented, or viewed with the support of LA indicators that are
drawn from the unified description of LD-LA activity in our frame-
work. We further used the proposed reference framework for the
analysis of the literature presented in this article. In the following sub-
sections, we present the definitions of the relevant LD and LA ele-
ments that compose our proposed reference framework. The
selection of LD and LA elements are based on the scope of this study
and the data harvested (see Tables A1 and A2).

21 | Learning design

LD is the pedagogic process used in teaching or learning that leads to
the creation and sequencing of learning activities, the configuration
of the environment in which it occurs, and the activities performed by
the stakeholders to achieve the learning objective that leads to the
learning outcome (Beetham & Sharpe, 2013; Conole & Fill, 2005; Mor
et al., 2013). To create our reference framework, it is important to

closely inspect and define the principal elements of LD (see Figure 1):

e Learning objectives: A learning objective is the desired outcome of
single or multiple learning events and is used to establish learning
activities to achieve the overall learning outcome (Morss &
Murray, 2005). For example, if a teacher wants to design a course
in Object-Oriented Programming (OOP), the learning objectives for
the course may be for students to master basic concepts of OOP
such as extension, inheritance, polymorphism and so forth.

e Learning events: A study by (Leclercq & Poumay, 2005) identified
eight learning events: create, explore, practice, imitate, receive,
debate, meta-learn/self-reflect and experiment. The combination
of these events forms a training/learning strategy (Leclercq &
Poumay, 2005; Verpoorten et al., 2007). This learning/teaching/
training events model supports the standardization and consistency
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of the elements that are combined in teaching and learning activi-
ties (Verpoorten et al., 2007). We will use these eight learning
events to establish/categorize the learning activities. For example,
to fulfil the learning objective, a teacher needs to think of the pos-
sible learning events that may satisfy the objective and form a
training/learning strategy. In designing the OOP course, the learn-
ing events that can be used are practice, create and meta-learn/
self-reflect.

Learning activities: There are several definitions for learning activi-
ties, and in this article, we follow that of (Conole & Fill, 2005). A
learning activity has three elements: context, learning and teaching
approaches, and tasks. The context of a learning activity includes
its difficulty level, the intended learning outcomes and the environ-
ment. The practitioner's over-arching task is to engage the learners
in the learning activity to achieve the intended learning outcome
by pursuing the set of tasks (Conole & Fill, 2005). A study by

LA elements in the proposed framework. LA, learning analytics
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(Gruber, 2019) took the model of learning events and added learn-
ing activities to identify their outcomes in LD. Learning activities
are split into in-class and online activities (Gruber, 2019;
Kwakman, 2003). Examples of in-class activities are exercise, exam,
presentation, discussion, group work and so forth. On the other
hand, online activities are blogs, wikis, forums, photo and audio
notes, online tests and quizzes, e-portfolios and so forth. Studies
by (Morss & Murray, 2005) and (Conole & Fill, 2005) remark on the
importance of the organization and the performance of learning
activities to achieve the desired learning outcomes. For example,
when designing the OOP course, the teacher may consider learning
activities such as reading, writing, exercise, group work and so
forth. To design an effective course, it is essential to clearly define
all the possible learning activities (Kwakman, 2003). As per our pro-
posed reference framework, there are two fundamental sub-
elements of a learning activity.
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o Support: Support is essential in the provision of relevant
resources and the fulfilment of learning tasks (Lockyer
et al., 2013), for example, feedback. To have an effective out-
come and enhance learning it is important to have a teacher in
the loop to provide relevant resources, a set of tools, techniques
and necessary support that includes web links, files, videos, liter-
ature and so forth. (Kwakman, 2003). However, it could also be
the case that support is not required according to the scenario
or situation; it can be omitted (Gruber, 2019). For example, in
the scenario of the OOP course, it is important to have support
and resources prepared, such as a compiler, web links, files,
videos and so forth, can be provided to help understand the
topic and concepts more certainly.

o Learning tasks: A learning task is a user action which is part of a
learning activity. A learning activity consists of one or more
learning tasks. After the provision of required support, learners
are expected to carry out their learning tasks (Conole &
Fill, 2005; Lockyer et al., 2013). The elements of a learning task
include the techniques used, related tools and resources, and
the interactions and acts specified in the learning activity
(Conole & Fill, 2005). For example, the OOP teacher expects
their students to solve the problems provided in the assignment
and present or submit their solutions.

e Learning outcomes: A learning outcome is the ultimate result of a
learning objective or a reflection of the desired state (Morss &
Murray, 2005). It indicates a change in the state of knowledge,
thoughts, beliefs, and approaches (Bakkenes et al., 2010). A learning
outcome is attained through an array of tasks with the required
tools, resources, and support of the teacher (Conole & Fill, 2005).
This outcome, as a result, leads to feedback for learners and ends up
improving learning (Brown et al., 2016). For example, the teacher
can expect that the students may have learned basic OOP concepts.
Based on the assignments or quizzes results, the teacher can observe

whether the students are performing as to the expectations or not.

2.2 | Learning analytics

LA is defined as ‘the measurement, collection, analysis, and reporting of
data about learners and their contexts, for purposes of understanding
and optimizing learning and the environments in which it occurs’
(Siemens, 2010). In this study, we examined 161 publications concern-
ing the application of LA. In these applications, we identified four com-
mon elements that we consider crucial for aligning LA with LD: learning

objectives, learning activities, metrics, and indicators (see Figure 2).

e (Learning) objectives: We define a learning objective as the specific
purpose behind the use of LA for a particular scenario. For exam-
ple, a teacher wants to use LA to see how well students perform in
his/her OOP course.

e Learning activities: The state-of-the-art of LA portrays a learning

activity as a set of learning tasks that the learner carries out in a LMS

Journal of Computer Assisted Learning_WI]_E\(J_5

environment with planned learning support to acquire learning objec-
tives (Sung et al., 2016). This learning task is referred to as a user
action, which generates digital trace data (Howison et al., 2011; Sung
et al., 2016). Digital trace data is generated by human activity on sys-
tems such as an LMS environment, and is logged and stored digitally.
Such activities might include, for example, posting, reading, writing,
discussing, uploading an assignment and so forth. (Howison
et al,, 2011). Learning support includes the provision of a set of tools,
tips, teacher-student interactions and resources, such as reading
materials, assignment instructions, slides and so forth. Usually, LA
implementations capture, store and analyse all these learning activi-
ties and use the data to improve learning (Chiu & Fujita, 2014;
Gasevi¢ et al., 2015; Park & Jo, 2015; Phillips et al., 2012; Tan
et al., 2017; Tervakari et al., 2014). We consider there to be a strong
linkage between learning activities described in the LA literature and
learning activities from LD (see Section 2.1 above). Consequently,
we aligned these two in our proposed reference framework. For
example, in the OOP course, the learning activities used/planned/
appeared while designing the course can also be used/considered
here, such as reading, writing, exercise, group work and so forth.

e Metrics: LA applications collect data from the interaction between
learners and LMSs. To make sense of these captured data, they
need to be categorized in a corresponding unit of measurement
(e.g., number of views, login/logout frequency and time, number of
posts, etc.). In this article, we refer to this unit of measurement as a
metric. For example, the learning activities selected in the OOP
course lead to the metrics (see Tables A1 and A2) in LA.

e [ndicators: Metrics are used to create indicators; an indicator is the
result of the analysis of one or multiple metrics and gives a more
comprehensive picture of a particular (abstract) learner status, for
example, student engagement and so forth. (see Table A2). An indi-
cator covers a particular aspect of an abstract variable (e.g., student
attention) by using relevant (measurable) items. It is taken as a way
of establishing plausibility on how much a variable is met when direct
measurements are not available. We consider that LA indicators,
besides showing the learners' states and progress, are also the links
that provide relevant information about the activity outcomes from
the LD. For example, the objective of the OOP teacher is to see how
well the students are performing, so, based on the selected learning
activities, LA can present the teacher (or a person responsible for
developing a LA dashboard) with the possible indicators that can be
used or developed to visualize student engagement and perfor-
mance (Coffrin et al., 2014) (see Tables A1 and A2).

2.3 | Reference framework

The reference scheme shown in Figure 3 assumes a connection
between LD and LA. We derived this framework first by examining the
essential elements of LD together with their corresponding sub-
elements (Section 2.1) and the essential elements of LA together with

their corresponding sub-elements (Section 2.2). Learning activities are
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considered the core element of LD (Koper, 2006; Koper et al., 2003;
Mor & Craft, 2012). Therefore, in our reference framework (see
Figure 3), we consider learning activities to be the core factor in the
alignment of LA and LD.

In addition, research has shown the relationships between learning
activities and outcomes from LD and how they both are connected to
LA. LA studies the process of the learners and their context
(Siemens, 2010). It is also used to measure and predict the learning out-
comes of a designed course (Gruber, 2019; Lockyer et al, 2013;
Mangaroska & Giannakos, 2017, 2018; Martin et al., 2016; Rienties &
Toetenel, 2016) and it can also be used to evaluate the LD (Bakharia
et al, 2016; Hernandez-Leo et al, 2019; Leclercq & Poumay, 2005;
Martin et al., 2016; Verpoorten et al., 2007). In our framework, this cyclic
relationship is closed with the connection between outcomes from LD
and indicators and metrics from LA (see Figure 3) extending previous
work showing a possible connection between LD with LA (Gruber, 2019;
Lockyer et al, 2013; Mangaroska & Giannakos, 2017, 2018; Martin
et al.,, 2016; Rienties & Toetenel, 2016). Our framework expands on this
by joining the learning activities from LA and LD and showing how a par-
ticular learning activity leads to LA metrics and forms an indicator. In this
study, we used our proposed framework to provide examples of the
actual alignment between LA and LD literature (see Tables A1 and A2),
and show how the LA-LD activities lead to an actual LA indicator (visuali-
zation for a LA dashboard). Moreover, LA analytics indicators can provide
information about the learning outcomes brought about by LD.

In a nutshell, LD in our proposed framework (see Figure 3) starts
with learning objectives, where learning objectives have one or more
learning event(s) (Leclercq & Poumay, 2005; Morss & Murray, 2005;
Smith & Lynch, 2006; Verpoorten et al., 2007), which have learning
activities (Gruber, 2019; Horton, 2011; Lockyer et al., 2013). If support
is required (e.g., learning materials, teacher/expert guidance), then that
is provided (Kwakman, 2003; Lockyer et al., 2013). The learning task is
then initiated, and as a result, there will be a learning outcome(s)
(Bakkenes et al., 2010; Gruber, 2019; Morss & Murray, 2005) for the
desired learning objective. Whereas LA can help to clarify the LD out-
comes (Gruber, 2019; Lockyer et al, 2013; Mangaroska &
Giannakos, 2017, 2018; Martin et al., 2016; Rienties & Toetenel, 2016).

The systematic literature review reported in this article contrib-
utes to this process by identifying the learning activities in LA litera-
ture and harvesting their metrics (measurements) used in the same
article (see Tables A1 and A2), which can be used to develop
indicator(s) (e.g. students performance) for LD learning outcome(s).

3 | METHODOLOGY

To address the research questions, we conducted a literature review
following the guidelines of the PRISMA statement (Liberati et al., 2009),
an evidence-based set of step-by-step procedures for reporting system-
atic literature reviews and meta-analyses. As per PRISMA, a systematic
literature review has four steps, that is, identification, screening, eligibil-
ity and inclusion of articles. In the identification step, results are fetched

and identified in research databases screening using search filters and
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terms. While screening the studies, duplicate studies are removed, and
further, based on the focus of our review, some articles are removed in
the reading, scanning and skimming of the titles and abstracts. Based
on the inclusion and exclusion criteria in the eligibility step, the full-text
articles are accessed.

For this review, we searched all the publications related to Tech-
nology Enhanced Learning (TEL) from the Learning Analytics and
Knowledge Conference (LAK) series from 2011 to 2020, publications
in the Journal of Learning Analytics (JLA), proceedings of the
European Conference for Technology Enhanced Learning (ECTEL)
from 2012 to 2020, IEEE Transactions on Learning Technologies, as
well as special issues for LA in the Journal of Computer Assisted
Learning (JCAL). Since LA was officially established in the year 2011,
we started searching for LA literature from 2011. The reason for look-
ing into the above libraries for LA articles is that we believe these are
the main outlets for high-quality LA publications.

The search terms/filters used to harvest the papers were learning
analytics, learning analytics indicators, learning analytics metrics
(or measurements), learning analytics visualization (or visualization), visu-
alization (or visualization), visualize (or visualize), learning analytics dash-
board, learning analytics application, learning analytics tool, between
2011 and 2020. The reason for using similar or different search terms
was, for example, that the authors sometimes prefer to use the term
‘plot’ instead of ‘figure’ throughout their articles. Apart from the
above listed libraries/databases, we also looked for LA literature in
google scholar (with the above-mentioned searched terms) for further
articles that may be important and we may have missed it.

We harvested 237 papers in total. From the selection of papers,
the first screening was performed by scanning/evaluating the titles
and abstracts and excluded duplications. We then further narrowed
down the number of articles based on the inclusion and exclusion cri-

teria as follows:

Inclusion criteria:
1. The full text is in English
2. The article is presenting a LA application, LA dashboard, or
LA tool
3. The article is describing and presenting LA indicators (visualiza-

tions/widgets), metrics, learning activities and their applications

Exclusion criteria:
1. Theory or policy papers that have no basic LA concept (indica-
tors or metrics)
2. Papers that present applications which have no basic LA con-

cept (indicators or metrics)

In the inclusion criteria, the first point must be fulfilled, while for
the following two points, if one of them is satisfied, the article is
included. In the exclusion criteria, both the points must be checked
and are mandatory to be followed.

One hundred seventy-five papers were identified, which we then
read in full, and considered whether our inclusion criteria were
addressed in the content of the papers. We excluded another
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TABLE 1 Identified types of learning activities

Description

1. Papers that only consider

procedural actions

2. Papers that only consider

LD learning activities

3. Papers that consider LD
activities and procedural
actions together

Explanation

In 11 publications that only consider procedural

actions as learning activities (i.e., keystroke, hits/
clicks, clickstream, views, downloads, interactions,
and visits) to apply LA techniques.

Our review shows that 81 of the publications only

consider LD learning activities in the development of
learning analytics indicators, that is, analysis,
collaboration, design, examine, exercise, feedback,
forum discussion, game/puzzle, group work,
presentation, problem-solving, reading, search,
survey, watching videos, assignment/homework,
comments, discourse, exam, exercise, peer review/
assessment, posts, presentation, question,
questionnaire, quiz, review, self-learning/reporting,
task, test, vote (poll) and writing.

108 of the publications consider LD activities and

procedural actions together, that is, assessment,
assignment, clickstream, collaboration, comments,
design, discourse, downloads, exam, examine,
exercise, feedback, forum discussion, game/puzzle,
group work, hits/clicks, homework, interactions,
keystroke, peer-review, posts, presentation,
problem-solving, question, questionnaire, quiz,
reading, reporting, review, search, self-learning,
survey, task, test, views, visits, vote (poll), watching
videos and writing.
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References

(Aguiar et al., 2014; Bakharia & Dawson, 2011;

Brouwer et al., 2016; Casey, 2017; Hlosta

et al.,, 2017; Labba et al., 2020; Park et al., 2017;
Park & Jo, 2015; Saqr et al., 2018; Wolff

et al.,, 2013; Yu & Jo, 2014)

(Abolkasim et al., 2016; Agnihotri et al., 2017;

Ahn, 2013; Akhuseyinoglu et al., 2020; Akintunde
et al.,, 2020; Barber & Sharkey, 2012; Bogarin

et al., 2014; Brown et al., 2016; Chatti et al., 2014;
Chiu & Fujita, 2014; Cooper & Khosravi, 2018;
Delnoij et al., 2020; der Zee et al., 2018; Erickson
et al., 2020; Fancsali, 2011; Faucon et al., 2020;
Feild et al., 2018; Ferguson & Clow, 2015;
Ferguson & Shum, 2011; Ferreira et al., 2020;
Gasevic et al., 2017; Gasevic et al., 2014;
Gunnarsson & Alterman, 2014; Haklev

et al., 2017; Harrer & Géhnert, 2015; Hecking

et al., 2016; Holman et al., 2013; landoli

et al., 2014; Jo et al., 2014; Jovanovi¢ et al., 2020;
Jung & Wise, 2020; Kennedy et al., 2015; Kim

et al., 2020; Klebanov et al., 2019; Li et al., 2015;
Malekian et al., 2020; Manai et al., 2016; Matcha
et al.,, 2020; McAuley et al., 2012; McKay

et al., 2012; Melero et al., 2015; Méndez

et al., 2014; Molenaar et al., 2020; Mufioz-Merino
et al.,, 2013; Nikolayeva et al., 2020; Ochoa Xavier
& Castells, 2018; Papamitsiou et al., 2014;
Papousek et al., 2016; Pardo, Mirriahi, et al., 2016;
Pardos & Jiang, 2020; Poquet & Jovanovic, 2020;
Pursel et al., 2015; Rogers et al., 2014; Sadallah

et al., 2015; Saint et al., 2020; Santos et al., 2014;
Saqr & Viberg, 2020; Schlotterbeck et al., 2020;
Schneider et al., 2016; Schumacher &

Ifenthaler, 2018; Sedrakyan et al., 2017; Shabrina
et al., 2020; Sharkey, 2011; Sharma et al., 2020;
Shum et al., 2016; Smolin & Butakov, 2012;
Southavilay et al., 2013; Srivastava et al., 2020;
Tan et al., 2017; Tuti et al., 2020; Uzir et al., 2020;
Venant et al., 2017; Verbert et al., 2011; Vesin

et al., 2013; Vozniuk et al., 2014; Waddington &
Nam, 2014; Wang et al., 2015; Wang et al., 2016;
Wise et al., 2014; You, 2016; Zhu et al., 2016)

(Abolkasim et al., 2016; Agnihotri et al., 2017,

Ahn, 2013; Akhuseyinoglu et al., 2020; Aljohani

et al., 2019; Allen et al., 2016; Barber &

Sharkey, 2012; Beheshitha et al., 2016; Benedetto
et al., 2020; Bogarin et al., 2014; Brown

et al., 2016; Chatti et al., 2014; Chen et al., 2017;
Chiu & Fujita, 2014, Coffrin et al., 2014; Conijn

et al., 2016; Cooper & Khosravi, 2018; Corrin & de
Barba, 2014; Davis et al., 2017, 2018; de Quincey
et al.,, 2019; der Zee et al., 2018; Elbadrawy

et al., 2015; Fancsali, 2011; Feild et al., 2018;
Ferguson & Clow, 2015; Ferguson & Shum, 2011;
Figueira, 2015; Gasevic et al., 2017; Gasevic¢

et al.,, 2014; Grawemeyer et al., 2016; Gunnarsson
& Alterman, 2014; Haklev et al., 2017; Harrer &
Gohnert, 2015; Hart et al., 2017; Hecking

et al., 2016; Holman et al., 2013; landoli

et al.,, 2014; Iraj et al., 2020; Jo et al., 2014;
Jovanovic et al., 2017, 2019; Kaser et al., 2017;

(Continues)
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TABLE 1 (Continued)

Description Explanation

4. No explicit learning

There are 12 research papers found that do not have

AHMAD ET AL

References

Kennedy et al., 2015; Khan & Pardo, 2016; Kia

et al., 2020; Klebanov et al., 2019; Koulocheri &
Xenos, 2013; Kump et al., 2012; Li et al., 2015; Liu
et al., 2014; Lowes et al., 2015; Manai et al., 2016;
Matcha et al., 2019, 2020; McAuley et al., 2012;
McKay et al., 2012; Melero et al., 2015; Méndez
et al.,, 2014; Molenaar et al., 2020; Monroy

et al.,, 2013; Muiioz-Merino et al., 2013; Niaki

et al., 2019; Ochoa Xavier & Castells, 2018;
Papamitsiou et al., 2014; Papousek et al., 2016;
Pardo, et al., 2016; Pardo, Mirriahi, et al., 2016;
Paule Ruiz et al., 2015; Pursel et al., 2015; Quick
et al.,, 2020; Rogers et al., 2014; Ruiz et al., 2016;
Sadallah et al., 2015; San Pedro et al., 2015;
Santos et al., 2013, 2014; Scheffel et al., 2017;
Schneider et al., 2016; Schumacher &

Ifenthaler, 2018; Sedrakyan et al., 2017;

Sharkey, 2011; Sher et al., 2020; Shimada

et al., 2018; Shum et al., 2016; Smolin &

Butakov, 2012; Southavilay et al., 2013; Syed

et al., 2019; Tan et al., 2017; Tervakari et al., 2014;
Tuti et al., 2020; Uzir et al., 2020; Van
Goidsenhoven et al., 2020; van Leeuwen &
Rummel, 2020; Venant et al., 2017; Verbert

et al., 2011; Vesin et al., 2013; Vozniuk

et al.,, 2014; Waddington & Nam, 2014; Wang

et al.,, 2015, 2019; Wang et al., 2016; Wei

et al., 2020; Wise et al., 2014; You, 2016; Yousuf
et al., 2020; Zhang et al., 2020; Zhu et al., 2016)

(Dawson et al., 2017; De-la-Fuente-Valentin

activities are mentioned

any link to learning activities but only have metrics.
The indicators are academic success, predict early
alert and student retention, epistemic network
analysis, online discussion behaviour,
recommendations, engagement and disengagement,
passing probability, measure success retention,
assignments quality, and carelessness.

et al.,, 2015; Duval, 2011; Fougt et al., 2018;
Govaerts et al., 2011; Harrison et al., 2015;
Hershkovitz et al., 2013; Joksimovi¢ et al., 2016;
Lauria et al., 2012; McAuley et al., 2012; Nam
et al.,, 2014; Worsley, 2018)

14 because they did not specify the metrics or measurements they
used to develop the indicator and visualization in the dashboard. As a
result, 161 articles were compiled to create this overview. The extrac-
tion process of data from all the selected papers was conducted in a
structured and organized manner. The first step was to categorize all
the research papers by their publication platform and relevance. After
inspecting each article, we listed the data in a spreadsheet (e.g,, title,
objectives, metrics, indicators, learning activities, data source, stake-
holders, evaluation methods/approaches, dataset size, keywords, coun-
try, year, authors, and reference). To make the data more readable, we
grouped the learning activities (and their metrics and indicators) by
learning events, based on the approach of (Gruber, 2019). The data
extraction and population/reporting of data into the spreadsheet were
done by two researchers, where the papers were equally divided. The
rest of the process was carried out by the main researcher of the paper.

In total, 131 papers originated from LAK and ECTEL, 21 from
JCAL, Journal of Learning Analytics and IEEE Transactions on Learning
Technologies, and nine from additional journals and conferences
found on Google Scholar. We consider that the number, variety, and

selection of sources in this review are sufficient to provide a valid and
general overview of the use of LA indicators in the field.

The final results are categorized, analysed, and reported in
Tables A1 and A2. Due to the significant number of records, we
agreed to present the data in two separate appendices for better

understanding and presentation.

4 | ANALYSIS OF THE LITERATURE

When closely examining the literature, we encountered a heteroge-
neous field in terms of approaches and terminology used. For exam-
ple, the terms indicators and metrics had different meanings in
different papers, therefore we had to thoroughly read the selected
articles from top to bottom and analyse them based on our defined
terminology (see Section 2).

To explore how the state-of-the-art of LA aligns with LD activi-
ties, we extracted the learning activities, indicators, and metrics from
the 161 LA studies identified in the process described in Section 3. In the
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TABLE 2 The list of similar indicators merges into a single cluster

Indicators originally named in the literature Clusters of indicators

At-risk students (Aguiar et al., 2015; Hlosta et al., 2017; Lauria et al., 2012; Rogers et al., 2014; Syed Predictive analytics
et al., 2019; Wolff et al., 2013), Academic success (Nam et al., 2014), Dropout prediction (Aguiar
et al., 2015; Manrique et al., 2019; Waddington & Nam, 2014), Dropping out (Aguiar et al., 2014), Early
warning (Aguiar et al., 2015; Brown et al., 2016; Harrison et al., 2015; Hlosta et al., 2017; Waddington &
Nam, 2014), Final grade prediction (Brouwer et al., 2016; Hart et al., 2017; Koulocheri & Xenos, 2013),
Grade prediction (de Quincey et al., 2019; Elbadrawy et al., 2015; Figueira, 2015; Jo et al., 2014;
Waddington & Nam, 2014), Exam success prediction (Lowes et al., 2015; Rogers et al., 2014), Success
prediction (Barber & Sharkey, 2012; Conijn et al., 2016; Kennedy et al., 2015; McKay et al., 2012), Predict
performance (Arnold & Pistilli, 2012; Barber & Sharkey, 2012; Boroujeni et al., 2016; Brouwer et al., 2016;
Davis et al., 2018; Pardo, et al., 2016; Pardo, Mirriahi, et al., 2016; You, 2016), Predict performance (social
network analysis) (Paredes & Chung, 2012), Predict academic achievement (Yu & Jo, 2014), Predict
college major (by middle school learning behaviour) (San Pedro et al., 2015), Predict course successful
completion (Santos et al., 2014), Predict early alert and student retention (Dawson et al., 2017), Predictive
analytics (San Pedro et al., 2015), Passing rate prediction (Brouwer et al., 2016), Retention prediction
(Robinson et al., 2016; Wolff et al., 2013), Prediction (A pilot study and proposal) (Fancsali, 2011;
Sharkey, 2011), Predict performance (Game) (K&ser et al., 2017), Passing probability (De-la-Fuente-
Valentin et al., 2015), Retention (College student) (Lauria et al., 2012), Retention (Harrison et al., 2015),
Assessment readiness prediction (Malekian et al., 2020), Predict student performance (Jovanovié¢
et al., 2020), Predicting learners' performance (Tuti et al., 2020), Predicting student success (Van
Goidsenhoven et al., 2020), Predict students' choices (Faucon et al., 2020), Predicting learners' effortful
behaviour (multimodal data LA) (Sharma et al., 2020), Predicting student performance (mouse movement)
(Wei et al., 2020), Automated grading (mathematics) (Erickson et al., 2020), Reflections (automated
assessment) (Jung & Wise, 2020)

Course difficulty (Méndez et al., 2014), Course difficulty level (Elbadrawy et al., 2015), Perceived difficulty, Course activities difficulty
Cognitive load (Jovanovi¢ et al., 2019), Perceived difficulty and discrimination of text (Benedetto
et al., 2020)

Social network analysis (Ahn, 2013; Joksimovic¢ et al., 2016; Zhu et al., 2016), Social network analysis Social analysis

(Discussion forum) (Hecking et al., 2016), Collaboration network (Southavilay et al., 2013), Epistemic
network (Fougt et al., 2018), Classifying student behaviour (Haklev et al., 2017), Group participation
(Tervakari et al., 2014), Connectedness (Scheffel et al., 2017), Online discussion (forum) behaviour
(McAuley et al., 2012), Collaboration (Scheffel et al., 2017), Collaborative learning (Harrer &

Gohnert, 2015), Mediation analysis (Niaki et al., 2019), Peer assessment ability (Vozniuk et al., 2014),
Predict performance (social network analysis) (Paredes & Chung, 2012), Epistemic network analysis of
online discussions (Ferreira et al., 2020), Forum network analysis (Poquet & Jovanovic, 2020), Diffusion
network analytics and clustering students' by roles (Sagr & Viberg, 2020)

Self-regulated learning (Chen et al., 2017; Davis et al., 2018; Pardo et al., 2016), Self-regulation (Davis Self-regulation
et al., 2018; Ruiz et al., 2016; Schumacher & Ifenthaler, 2018), Self-efficacy (Jovanovi¢ et al., 2019), Self-
motivation (Chen et al., 2017; de Quincey et al., 2019; Govaerts et al., 2011), Alerting (Manai et al., 2016),
Self-reflection (Manai et al., 2016; Santos et al., 2013), Feedback (Corrin & de Barba, 2014; Khan &
Pardo, 2016), Metacognitive awareness (Davis et al., 2017), Awareness (Brouwer et al., 2016; Govaerts
et al., 2011), Video analytics (Self-reflection) (Gasevic et al., 2014), Resource usage awareness (Santos
et al., 2013), Self-regulated learning (Kia et al., 2020; Molenaar et al., 2020; Saint et al., 2020), Self-
regulated learning (behavioural logs) (Quick et al., 2020), Reflections (automated assessment) (Jung &
Wise, 2020), Self-assessment feedback (Delnoij et al., 2020), Self-directed learning and student feedback
(Yousuf et al., 2020)

Affective state (Allen et al., 2016; Grawemeyer et al., 2016), Self-reported affective state, Emotion Affective state
(Sedrakyan et al., 2017), Emotional state (Ruiz et al., 2016), Measure a fixed mindset, Measure belonging
uncertainty, Measure stereotype threat (Questionnaires) (Manai et al., 2016)

Time distribution (Santos et al., 2013), Time Planning (Harrer & Goéhnert, 2015), Timeline (status and goal) Analysis of time management
(Schumacher & Ifenthaler, 2018), Temporal analysis (Papamitsiou et al., 2014), Time management and
learning strategies/tactics (Uzir et al., 2020)

Curriculum planning/designing, Teacher curriculum usage (Monroy et al., 2013), Content quality Curriculum analytics
(Gunnarsson & Alterman, 2014), Syllabus quality/design (Smolin & Butakov, 2012)

Academic performance (Matcha et al., 2019), Performance (Agnihotri et al., 2017; Aljohani Performance
et al., 2019; Coffrin et al., 2014; Elbadrawy et al., 2015; landoli et al., 2014; Park & Jo, 2015; Syed
et al., 2019; Venant et al., 2017), Student efficiency (Mufioz-Merino et al., 2013), Cognitive activity,
Eye fixations (eye-tracking) (Chatti et al., 2014), Presentation skills (Multimodal) (Ochoa Xavier &
Castells, 2018; Schneider et al., 2016), Procrastination (Agnihotri et al., 2017; Davis et al., 2018;
Paule Ruiz et al., 2015), Productivity (Scheffel et al., 2017), User knowledge level (Kump

(Continues)
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TABLE 2 (Continued)

Indicators originally named in the literature

et al., 2012), Student interaction patterns (relation to performance) (Saqgr et al., 2018), Student
comparison (Aljohani et al., 2019; de Quincey et al., 2019), Performance rating (Majumdar

et al., 2018), Predict performance (Arnold & Pistilli, 2012; Barber & Sharkey, 2012; Boroujeni

et al., 2016; Brouwer et al., 2016; Davis et al., 2018; Pardo, et al., 2016; Pardo, Mirriahi,

et al., 2016; You, 2016), Predict performance (social network analysis) (Paredes & Chung, 2012),
Predict performance (Game) (Kaser et al., 2017), Teachers comparison (van Leeuwen &

Rummel, 2020), Predict student performance (Jovanovi¢ et al., 2020), Predicting learners'
performance (Tuti et al., 2020), Analysing performance behaviour (on learning record stores) (Labba
et al., 2020), Procrastination (teacher email reminder intervention) (Nikolayeva et al., 2020),
Student-controlled social comparison (Akhuseyinoglu et al., 2020)

Course assessments (Cooper & Khosravi, 2018), Course planning (Brown et al., 2016), Course
recommendation (Pardos & Jiang, 2020)

Dataset evaluation (for recommender systems) (Verbert et al., 2011), Recommendations (Duval, 2011),
Recommendations for successful course completion (Schumacher & Ifenthaler, 2018), Resource
recommendation (Chavarriaga et al., 2014; Vesin et al., 2013), Course recommendation (Pardos &
Jiang, 2020), Learning resource recommendations (Keyword extraction from videos) (Schulten
et al., 2020), Learning path recommenders and students' activities (course and review periods) (Zhang
et al., 2020)

Writing engagement (Liu et al., 2014), Writing analysis, Reflective writing (Shum et al., 2016), Text analysis
(Allen et al., 2016), Assignments quality (Fougt et al., 2018) Writing analytics (Conijn et al., 2020;
Southavilay et al., 2013)

Exploratory dialogue (Ferguson & Shum, 2011), Discourse analysis (Chiu & Fujita, 2014; Hecking
et al., 2016; Wang et al., 2016), Discussion engagements (Wise et al., 2014), Discussion contribution
quantity & quality (Tan et al., 2017), Discussion forum quality (Beheshitha et al., 2016), Teacher discourse
analysis (Schlotterbeck et al., 2020)

Learning behaviour patterns (Jovanovi¢ et al., 2017), Learning patterns (Govaerts et al., 2011; Wang
et al.,, 2019), Student interaction patterns (relation to performance) (Saqr et al., 2018), Student interaction
patterns (Bakharia & Dawson, 2011), Student behaviour (Park et al., 2017), Learning behaviour (Ferguson
& Clow, 2015; Venant et al., 2017), Learning strategies (Venant et al., 2017), Learning strategies (Davis
et al.,, 2018; Gasevic et al., 2017; Matcha et al., 2019), Learning strategy (Game) (Kaser et al., 2017),
Students consistency clusters (Sher et al., 2020), Time Management and Learning Strategies/tactics (Uzir
et al., 2020), Predicting learners' effortful behaviour (multimodal data LA) (Sharma et al., 2020), Learning
strategies (trace data) (Quick et al., 2020), Analysing performance behaviour (on learning record stores)
(Labba et al., 2020)

Badges earned (Holman et al., 2013), Gamification (Melero et al., 2015), Game-based learning, Learning
strategy (Game), Predict performance (Game) (Kaser et al., 2017), Game analytics (math classrooms)
(Shabrina et al., 2020), Game Analytics (curriculum sequencing) (Akintunde et al., 2020)

Video analytics (Self-reflection) (Gasevic et al., 2014), Video analytics (Li et al., 2015), Comment analytics
(YouTube videos) (Abolkasim et al., 2016), Video engagements/analytics (der Zee et al., 2018), Lecture
videos thermal analytics (Srivastava et al., 2020)

Reading analytics (Klebanov et al., 2019; Sadallah et al., 2015; Tan et al., 2017), Ideal reading material
(Sadallah et al., 2015), Active reading rating (Majumdar et al., 2018)

Engagement and disengagement (Multimodal) (Worsley, 2018), Engagement and disengagement (Feild
et al., 2018), Engagement (Coffrin et al., 2014; Papousek et al., 2016), Long term engagement (Zhu
et al., 2016), Measure engagement (Boroujeni et al., 2016), Keystroke analytics (Casey, 2017),
Clickstream analysis (Park et al., 2017), Video engagements/analytics (der Zee et al., 2018),
Carelessness (Hershkovitz et al., 2013), Engaged concentration (Wang et al., 2015), Initiative,
Responsiveness, Presence (Scheffel et al., 2017), Engagement rating, Attendance rating (Majumdar
et al., 2018), Online change detection (Shimada et al., 2018), Collaborative engagement (Child robot
Interaction) (Kim et al., 2020), Students' engagement with personalized feedback (Iraj et al., 2020)

Learning progress (LMS Usage) (Mufioz-Merino et al., 2013), Student progress (LMS activities) (Manai
et al., 2016), Measure success (Joksimovi¢ et al., 2016), MOOC completion (Pursel et al., 2015), User
knowledge level (Kump et al., 2012), Predicting Student Success (Van Goidsenhoven et al., 2020)

Students classification (Li et al., 2015; Papamitsiou et al., 2016), Pass-fail classification (Casey, 2017),
Clustering (educational data mining) (Bogarin et al., 2014), Competency (Davis et al., 2017), Students
consistency clusters (Sher et al., 2020)

Clusters of indicators

Course analytics

Recommendations

Writing analytics

Discourse analytics

Learning (behaviour) patterns

Game analytics

Video analytics

Reading analytics

Engagement

Progress

Clustering
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FIGURE 4 The number of occurrences of the most commonly used indicators over the past 10 years

present section, we start by considering how learning activities are
described and used in the literature of LA and then provide an overview of
the learning activities that are most frequently described in the literature
as being used for collecting user data. We then discuss the difference
between metrics and indicators and show how indicators are dependent
on metrics. In the analysis section, we merge indicators and create clusters
to show their relevance and popularity among researchers. Lastly, we pro-

vide a visual representation of our main findings.

4.1 | Description of learning activities
Our comprehensive literature review recognized that publications
used the terms ‘activities’ and ‘learning activities’ indiscriminately. In
this article, we always refer to this term as ‘learning activities’.
Regarding the learning activities, we also identified cases where the
learning activities described in the analysed publications do not neces-
sarily align with the LD definition of learning activities. For example,
in the paper (Park & Jo, 2015), the authors consider clicks/views as
actions. However, mere/procedural actions (e.g., clicks, views, etc.) are
not considered as learning activities in LD (Horton, 2011). Based on
the alignment between LA and LD, we identified four different ways
in which learning activities have been described in the LA literature:
1. procedural actions, 2. LD activities, 3. LD activities and procedural
actions, and 4. no explicit activities mentioned, see Table 1.

Ten publications fell into the first description because they only

consider procedural actions as learning activities when collecting data

from LMS to apply LA techniques. For example, in (Casey, 2017) the
authors consider keystrokes, hits and clicks to measure keystroke and
pass-fail classification, while in (Park et al., 2017), the authors consider
views, downloads and clickstream analysis when measuring student
behaviour. We identified 58 publications that collect data only from
LD learning activities and fall into the second description. For exam-
ple, in (Rogers et al., 2014), student learning activities from current
and previous courses are used to measure at-risk students and exam
success prediction. A study by (Fancsali, 2011) presents a second
example, where group work, peer review, and assessment are consid-
ered to predict student grades. Further, 93 research publications fall
into the third description (learning activities and procedural actions).
For example, in (Jovanovic et al., 2017), learning activities like reading,
views, and exercise are used to find learning behaviour patterns. A
study by (Chen et al., 2017) shows another example of this category.
In this study, the learning activities like clickstream, views, quiz,
assignment, homework, and watching videos are used to measure
self-motivation and self-regulated learning. We identified 12 research
papers that fall into the fourth description. These papers do not
explicitly mention any learning activity for collecting data, instead,
they only state the metrics they used for the development of the indi-
cators. For example, (Dawson et al., 2017) mentions metrics such as
student gender and age, student academic load, intervention
attempts, student study period and semesters, number of students,
total enrolments, and academic data (like current course & semester
outcomes) in relation to the development of an indicator to ‘predict

early alert & student retention’.
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FIGURE 5 Atree view of ‘receive’ event followed by the learning activities, indicators, and metrics.
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FIGURE 6 Atree view of ‘explore’ event followed by the learning

41.1 | Popularlearning activities

Overall, we identified a total of 40 distinctive learning activities from
the 161 papers. Seven of them were only procedural actions. We
excluded them since procedural actions should not be considered as
learning activities in terms of LD (Horton, 2011). We were left with
33 different learning activities that are useful in designing a course.

Appendix 2

activities, indicator, and metrics.

The top three most commonly identified learning activities are tests/
quizzes, watching videos and questions/questionnaires.

The learning activity ‘tests/quizzes’ appeared in 16 publications.
An example of this learning activity is found in (Paule Ruiz
et al, 2015), in which the authors recorded the times of the first
attempts in solving the tests/quizzes and the time taken until the

quizzes were completed. The learning activity ‘watching videos’
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appeared in 17 publications. Analysis of this learning activity is exem-
plified by (Mufioz-Merino et al., 2013), in which to measure the effi-
ciency of a user, the authors gathered watched videos time length,
the total time spent on completed videos, and the number of times a
video was repeated. Further, in (Gasevi¢ et al., 2014), the authors used
video annotations to support and measure self-reporting, where they
also captured video access times, duration of access, frequency of
access and so forth. The learning activity ‘questions’ appeared in
15 publications. A study by (McAuley et al., 2012) exemplifies the use
of this learning activity. In this study, a learner posts a question and
other students answer the question, and a teacher (superuser) has the
right to accept the most suitable answer.

4.2 | Metrics and indicators

While extracting the indicators used in the published papers, we have
found that many studies mixed the terms ‘metrics’ and ‘indicators’.
As stated in Section 2.2, in this study, the term ‘metric’ is referred to
as the data collected (measurements) about the learning activity that a
learner carries out in a learning environment. Metrics are used to cre-
ate indicators. An ‘indicator’ then, is the result of a metric or combina-

tion of multiple metrics that give a more comprehensive picture of a

particular learner's status, for example, predict student grade, self-
reflection and so forth.

Our analysis enabled us to identify that every indicator is the for-
mation of a single metric or multiple metrics (see Table A2). However,
some specific advance indicators are the product of multiple indica-
tors. For example, the indicator ‘productivity’ contains indicators like
initiative, responsiveness, presence and connectedness. According to

(Scheffel et al., 2017), these indicators have the following metrics.

e Initiative = number of posts (discussion, blog, files, pages)

e Responsiveness = number of comments (discussion, blog, files,
pages)

e Presence = number of views

e Connectedness = number of contacts made

e Productivity = (Initiative + Responsiveness)/Presence (Scheffel
etal., 2017).

421 | Clusters of indicators
In our literature review, we have found 135 indicators in total. Many
of these indicators share similar goals and also work in similar ways.

However, different studies named them differently (e.g., predict
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academic achievement, exam success prediction, predict exam grades,
etc.). For our analysis, we decided to cluster similar indicators. For
example, we merged ‘predict academic achievement’, ‘exam success
prediction’, ‘predict exam grades’, and so forth, to ‘predictive analyt-
ics’. A second example consists of the indicators self-motivation,
self-reflection, self-regulated learning, alerting, awareness to ‘self-reg-
ulation’. Through this process, we identified a total of 19 clusters of
indicators, and the full list of indicators and clusters of indicators is
displayed in Table 2 in no specific order. A few of the indicators fall
into two different clusters. For example, the indicator ‘predict perfor-
mance’ lies in ‘predictive analytics’, ‘performance’ as well as in ‘game
analytics’.  Similarly, video engagements/analytics (der Zee
et al., 2018) appear in ‘engagement’ as well as in ‘video analytics’.

422 | Most popularindicators

The three clusters of indicators that occurred the most are ‘predictive
analytics’, ‘performance’, and ‘self-regulation’. The indicator cluster
of ‘predictive analytics’ appeared 62 times in the sample of research
publications. Predictive analytics was used to predict course success-
ful completion (Santos et al., 2014), predict early alert & student
retention (Dawson et al, 2017), dropout prediction (Aguiar
et al., 2014, 2015; Manrique et al., 2019; Waddington & Nam, 2014)
and so forth. The second most frequently identified indicator cluster
was ‘performance’ which appeared 35 times, this indicator mostly
being used to measure the student academic performance (Agnihotri
et al, 2017; Aljohani et al., 2019; Coffrin et al., 2014; Elbadrawy
et al., 2015; landoli et al., 2014; Matcha et al., 2019; Park & Jo, 2015;
Syed et al., 2019; Venant et al., 2017). The third most popular indica-
tor cluster was ‘self-regulation’ which appeared 24 times, and was
used in the design of dashboards to provide effective feedback
(Corrin & de Barba, 2014) and to alert students about their progress
(Manai et al., 2016). The full list of indicators and corresponding met-
rics is shown in Table A2.

Figure 4 presents the number of occurrences of the most com-
monly used indicators over the past 10 years, where the cluster ‘pre-
dictive analytics’ was the only cluster of indicators that was used
consistently and was popular among the LA researchers. This cluster
of indicators was proposed in the year 2011, and in the following year
2012, it was implemented and presented by quite a few publications.
But solely in the year 2018, the popularity graph of predictive analyt-
ics dropped sharply, but in the year 2020 again, its popularity jumped
up notably among the LA society of researchers.

Further, in Figure 4, the cluster of indicators that have also been
popular in the LA publications since 2011 are ‘performance’ and ‘self-
regulation’, which have appeared and been reported in the last
5 years consistently. A cluster of indicators worth mentioning is
‘affective state’, which appeared in the year 2016 with quite a high
popularity, and also picked up in the following year 2017, but disap-
peared from then on. We can also observe how the cluster of indica-
tors ‘learning (behaviour) patterns’ was introduced in 2011 and since

2017 is becoming more prominent.

AHMAD ET AL

We connected the extracted metrics with their corresponding
indicators and the indicators with their corresponding learning activi-
ties. Finally, we connected the learning activities with the correspond-
ing learning events to examine how state-of-the-art LA fits our
proposed classification framework (see Section 2.3) and how it aligns
with LD (see Tables A1l and A2). This enables us to obtain a holistic
view of how LD and LA are related to each other. We identified that
this relationship could be clearly represented as tree data structures.
There are eight learning events (see Section 2.1) that come as a prag-
matic tool that has been shown to be valid in practice (i.e., Receive,
Explore, Practice, Imitate, Create, Debate, Meta-learn and Experiment)
(Leclercg & Poumay, 2005; Verpoorten et al., 2007). We generated
two trees as an example for learning events ‘Receive’ and ‘Explore’
following our proposed reference framework (see Figures 5 and 6).
These figures were created using the D32 visualization library to
exemplify two out of the eight learning events. Figure 5 shows the
tree view for the event ‘Receive’. For example, the inclusion of the
event ‘Receive’ in the design of a course implies that four possible
learning activities could take place, that is, reading, review, presenta-
tion and watching videos (see Figure 5). Every learning activity can
have multiple indicators. For example, the learning activities ‘reading’
and ‘review’ have five possible indicators, that is, reading analytics,
discourse analytics, learning behaviour patterns, social network analy-
sis and analysis of time management (see Figure 5). Further, each indi-
cator consists of multiple metrics. For example, reading analytics has
six metrics (measurements), that is, number of reading sessions, dura-
tion of reading sessions, reading sessions per user, transitions
between reading materials, rereading the same material, and reading
interruptions (see Figure 5). In this manner, Figure 6 shows a tree view
for the event ‘Explore’, which is followed by its corresponding learn-
ing activities, indicators, and metrics.

A full list showing the identified connections among learning
events, learning activities, indicators and metrics is shown in Table A1l
(learning events, learning activities, indicators) and Table A2 (indica-

tors and metrics).

5 | DISCUSSION AND CONCLUSION

o study the association of LA indicators with learning events and learning
activities of LD (RQ1), first, we proposed a reference framework. The ref-
erence framework is based on a general literature research on LD and
LA, which shows how LA indicators have already been associated with
LD events and learning activities, as exemplified in Figures 5 and 6 (see
Tables A1 and A2 for full details). The proposed reference framework
(see Figure 3) helped us to organize and analyse the results from our lit-
erature review (see Tables A1l and A2). This framework enabled us to
organize the LA indicators identified in the literature in terms of the LD
events and learning activities related to them. As learning activities play a
fundamental role in LD (Mor & Craft, 2012) as well as in LA, our refer-

ence framework uses learning activities as a common factor in LA and

2https://d3js.org/
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LD to establish a link and further lead us to meaningful indicators. A pro-
cess flow of this framework is displayed in Figure 7.

Our proposed alignment of LD events and activities and LA met-
rics and indicators is a step forward towards a better alignment of
these two fields which is a need already mentioned by different stud-
ies (Blumenstein, 2020; Macfadyen et al., 2020; Mangaroska &
Giannakos, 2017, 2018). This framework, therefore, provides an
answer to our RQ1 regarding how LA indicators are associated with
learning events and learning activities related to the LD.

To answer our second research question, ‘Which learning analyt-
ics indicators have been researched and used in the past 10 years
according to the learning analytics literature?’, we conducted a litera-
ture review in which we analysed LA indicators based on their corre-
sponding (learning) activities. First, we identified a disorganized field
where there was no clear definition of indicators, metrics and so forth.
Moreover, the field also showed some discrepancy in the definition of
learning activities. Indeed, as pointed in our results, many research
papers considered procedural actions such as mouse clicks to be
learning activities. This particular finding aligns with the concern that
the data driven approach of LA does not necessarily align with peda-
gogy (Jivet et al.,, 2017, 2018; Macfadyen et al., 2020). Nonetheless,
through our analysis we were able to identify these issues and to cre-
ate a list of LA indicators and their corresponding metrics. Analysis
from our literature review provides an overview of the published list
of indicators ordered by their year of publication (see Table A2 for full
details). Furthermore, our analysis of the literature shows how the use
of indicators and metrics has evolved over the past decade of LA (see
Figure 4). This overview enables us to get a glimpse of how the field
has been evolving, what have been the most commonly used indica-
tors by the research community and provides us with hints regarding
future research on LA indicators.

Furthermore, we consider that the alignment between LA and LD
proposed by our framework can also contribute to the assessment
and improvement of LD. LA indicators can also evaluate and denote
learning activities and tasks through activity outcomes in LD, provid-
ing information that supports the redesign and improvement of the
learning activities and so leading to improvement in learning. Most of
the work in the field of LD is done on the practices, depictions, and
tools that support it and on the processes for distributing its results
among the stakeholders (Mor & Craft, 2012). However, there is very
little work done in terms of the practices, depictions, and tools used
for the evaluation of the effects/results of the designs (Macfadyen
et al., 2020; Mor & Craft, 2012).

We consider that by classifying the LA indicators with our pro-
posed framework, we can support teachers and learning designers in
understanding which indicators to use/select based on the events and
learning activities. However, we recognize that LD is a complicated
and broad field of study, and our approach may not be the only way
of aligning these two sophisticated and partly similar fields.

These classified LA indicators enable the creation of a repository
of commonly used practices that can help educational practitioners
who want to apply LA to their LD. The results of our literature review

show that it is possible to present the course designer with a list of
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indicators that align with the selected course activities and that have
already been successfully used in the past. Moreover, our results can
provide further support by showing the metrics (data from learners)
that need to be collected in order to generate the desired indicators
(see Table A2 for full details). We argue that a LA indicator repository
that is structured according to our proposed reference framework can
therefore help to bridge the existing gap between pedagogy and LA.

Another contribution of this research is the provision of clear def-
initions of ‘metrics’ and ‘indicators’. While conducting the literature
review, we identified a mixed-use of these terms. We argue that a
clear definition of these terms can avoid some confusion, help to align
the findings and move the field forward.

5.1 | Limitations

This study has four main limitations. First, the selected sample of pub-
lications was limited since we mostly focused on LAK proceedings.
Therefore, we acknowledge that we might have missing indicators,
metrics, and trends. Nonetheless, we consider that our sample of pub-
lications was good enough to provide satisfactory answers to our
research questions. The study will be continued, and we will be adding
new sources of literature. Second, there may be bias in the clustering
of indicators, for example, we put the indicator ‘user knowledge level’
in the cluster of ‘progress’ but one could also argue that this indicator
can fit in ‘performance’. Third, there could be a small margin of error
in data harvesting due to human lapses or slips. Fourth, as mentioned
in the discussion, we recognize that LD is a complicated and broad
field of study, and our approach may not be the only way of aligning
these two sophisticated and partly similar fields. Regardless of these
limitations, we considered that the main findings of this study are
valid enough to contribute to the state-of-the-art of LA and LD

research.

5.2 | Future work

We foresee four main future research directions that could be
grounded on this work and therefore contribute to support of
learning through LA and LD. The first is to investigate how to pre-
sent the results collected in this literature review to teachers,
course designers and educational researchers with the purpose of
supporting them with the design and evaluation of new educational
interventions. Second, to investigate how, based on the proposed
reference framework, LA dashboards can be used to evaluate the
outcomes of the LD. Third, there is a need for an LA indicators
repository, which takes LD events and activities as input and pre-
sents users with the possible LA indicators and metrics along with
their visualization on a dynamic LA dashboard. Fourth, to investi-
gate how to continuously, dynamically or automatically update this
LA indicators repository (proposed in the previous point) with latest
LA publications (indicators and metrics). This can be achieved by

investigating how to automatically extract learning events, learning
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activities, indicators, and metrics from LA publications with the pur-
pose to keep a LA repository up to date.
We believe that this study brings the field of LA a step closer to

play a significant role in the development of education.
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APPENDIX A

TABLE A1 Thelist of indicators used for learning events and learning activities

Learning event

Create (Lowes et al., 2015)

Explore (Ferguson &
Clow, 2015; Venant
et al., 2017)

Practice

Learning activities

Design (Cooper & Khosravi, 2018; Méndez et al., 2014;

Monroy et al., 2013; Smolin & Butakov, 2012),
Group work (Coffrin et al., 2014; de Quincey

et al., 2019; Fancsali, 2011; Figueira, 2015; landoli
et al., 2014; Koulocheri & Xenos, 2013; Ruiz

et al., 2016; Santos et al., 2013; Tervakari

et al., 2014), Collaboration (Chiu & Fujita, 2014;
Elbadrawy et al., 2015; Haklev et al., 2017; Harrer &
Gohnert, 2015; Southavilay et al., 2013; Vesin

et al, 2013)

Examine (Ferguson & Clow, 2015), Survey (Pursel

et al., 2015), Search (Matcha et al., 2019; Niaki

et al.,, 2019), Keystroke (Allen et al., 2016;

Casey, 2017), Hits/Clicks (Aguiar et al., 2014;
Brouwer et al., 2016; Casey, 2017; Conijn

et al.,, 2016; de Quincey et al., 2019; Hlosta

et al., 2017; Jovanovi¢ et al., 2019; Koulocheri &
Xenos, 2013; Paule Ruiz et al., 2015; Syed

et al., 2019), Clickstream (Chen et al., 2017; Davis
et al., 2018; Niaki et al., 2019; Park et al., 2017;
Shimada et al., 2018; Wolff et al., 2013), Views
(Aguiar et al., 2014; Beheshitha et al., 2016; Chen
et al.,, 2017; Coffrin et al., 2014; Conijn et al., 2016;
de Quincey et al., 2019; Elbadrawy et al., 2015;
Grawemeyer et al., 2016; Hart et al., 2017;
Jovanovic et al., 2017; Lowes et al., 2015; Park

et al, 2017; Ruiz et al., 2016; Scheffel et al., 2017;
Syed et al., 2019; Tervakari et al., 2014; Wang

et al., 2019), Visits (Aljohani et al., 2019; Bakharia &
Dawson, 2011; Corrin & de Barba, 2014; Davis

et al., 2017; Matcha et al., 2019; Monroy

et al., 2013; Park & Jo, 2015; Santos et al., 2013),
Interactions (Bakharia & Dawson, 2011; Benedetto
et al., 2020; Davis et al., 2018; Kaser et al., 2017;
Khan & Pardo, 2016; Kia et al., 2020; Kump

et al., 2012; Labba et al., 2020; Liu et al., 2014;
Pardo et al., 2016; San Pedro et al., 2015; Saqr

et al., 2018; Sher et al., 2020; Uzir et al., 2020; Van
Goidsenhoven et al., 2020; van Leeuwen &
Rummel, 2020; Wei et al., 2020; Yousuf et al., 2020;
Yu & Jo, 2014; Zhang et al., 2020), Downloads
(Figueira, 2015; Matcha et al., 2019; Park

etal, 2017; Yu & Jo, 2014)

Exam (Agnihotri et al., 2017; Holman et al., 2013; Jo

et al.,, 2014; Jovanovi¢ et al., 2019; Manai

et al.,, 2016; McKay et al., 2012; Rogers et al., 2014;
Waddington & Nam, 2014; You, 2016), Test (Brown
et al., 2016; der Zee et al., 2018; Kump et al., 2012;
Paule Ruiz et al., 2015), Quiz (Agnihotri et al., 2017;
Aljohani et al., 2019; Chen et al., 2017; Conijn

et al., 2016; Davis et al., 2017, 2018; Hart

et al., 2017; Hecking et al., 2016; Holman

et al., 2013; Melero et al., 2015; Paule Ruiz

et al,, 2015; Santos et al., 2014; Shimada

et al., 2018), Exercise (Hecking et al., 2016;
Jovanovic et al., 2017, 2019; Matcha et al., 2019;
Mufoz-Merino et al., 2013; Ruiz et al., 2016), Task
(Bogarin et al., 2014; Chatti et al., 2014; Corrin & de
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Indicators

Classifying student behaviour, Collaborative learning,
Collaboration network, Course Assessments,
Course difficulty, Curriculum Planning/designing,
Discourse Analysis, Emotional state, Group
Participation, Engagement performance, Predictive
analytics, Resource Recommendation, Resource
usage awareness, Self-Regulation, Self-motivation,
Syllabus quality/Design, Teacher curriculum usage,
Time Distribution/Planning, Writing analytics,
Student comparison

Passing rate prediction, Final Grade Prediction,
Performance prediction, Awareness, Affective
State, At-Risk Students, Clickstream Analysis,
Cognitive load, Competency, Course difficulty
level, Curriculum Planning/designing, Discussion
forum quality, Dropping out, Emotional state,
Engagement and performance, Feedback,
Predictive analytics, Game Based Learning, Group
Participation, Keystroke analytics, Learning
Strategy (Game), Learning behaviour/strategies,
MOOC completion, Mediation analysis,
Metacognitive Awareness, Online change
detection, Pass-Fail Classification, Perceived
difficulty, Procrastination, Resource Usage
Awareness, Self-Regulation, Self-efficacy, self-
motivation, Self-reflection, Self-regulated
Learning, Student Interaction Patterns, Student
behaviour, Student comparison, Student
interaction patterns, Teacher curriculum usage,
Text analysis, Time Distribution, User knowledge
level, Writing Engagement

Badges earned, Predictive analytics, Performance,
Affective State, Alerting, At-risk students,
Classifying Student behaviour, Clustering
(educational data mining), Cognitive activity,
Cognitive load, Competency, Completion, Course
Assessments, Course Planning, Discourse Analysis,
Early Warning, Emotional state, Engagement and
Disengagement, Eye fixations (eye tracking),
Feedback, Game Based Learning, Gamification,
Group Participation, Learning Behaviour Patterns,
Learning Progress, Learning Strategies, Measure
fixed mindset (Questionnaires), Metacognitive
Awareness, Online change detection, Peer
Assessment ability, Perceived difficulty,
Procrastination, Resource usage awareness,
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TABLE A1 (Continued)

Learning event

Imitate

Receive

Debate (Conijn
et al., 2016; landoli
et al., 2014)

Learning activities

Barba, 2014; Kump et al., 2012; Schumacher &
Ifenthaler, 2018; Tuti et al., 2020; Verbert

et al.,, 2011), Writing (Allen et al., 2016; Liu

et al,, 2014; Shum et al., 2016; Southavilay

et al., 2013), Group work (Coffrin et al., 2014; de
Quincey et al., 2019; Fancsali, 2011; Figueira, 2015;
landoli et al., 2014; Koulocheri & Xenos, 2013; Ruiz
et al,, 2016; Santos et al., 2013; Tervakari

et al., 2014), Peer review/assessment

(Fancsali, 2011; Figueira, 2015; Hart et al., 2017;
Schumacher & Ifenthaler, 2018; Vozniuk et al., 2014)
(Delnoij et al., 2020; Jovanovic et al., 2020; Malekian
et al., 2020; Saint et al., 2020; Schlotterbeck

et al., 2020) Assignment/homework (Chen

et al.,, 2017; Coffrin et al., 2014; Conijn et al., 2016;
Corrin & de Barba, 2014; Feild et al., 2018; Hart

et al., 2017; Kennedy et al., 2015; McKay

et al., 2012; Paule Ruiz et al., 2015; Santos

et al., 2014; Syed et al., 2019; Wang et al., 2019),
Questions (Cooper & Khosravi, 2018; Davis

et al., 2017, 2018; der Zee et al., 2018; Haklev

et al., 2017; Jovanovi¢ et al., 2019; Kaser

et al., 2017; Khan & Pardo, 2016; Kump et al., 2012;
McAuley et al., 2012; Papamitsiou et al., 2014;
Papousek et al., 2016; Pardo et al., 2016; Pardo,
Mirriahi, et al., 2016), Questionnaire (Chiu &

Fujita, 2014; Kump et al., 2012; Manai et al., 2016;
McAuley et al., 2012; Ruiz et al., 2016)

Presentation (Harrer & Gohnert, 2015; Ochoa Xavier &

Castells, 2018; Schneider et al., 2016), Exercise
(Hecking et al., 2016; Jovanovic et al., 2017, 2019;
Matcha et al., 2019; Mufioz-Merino et al., 2013; Ruiz
et al., 2016)

Reading (Gasevic et al., 2017; Harrer & Géhnert, 2015;

Jovanovi¢ et al., 2017; Klebanov et al., 2019;
Majumdar et al., 2018; Sadallah et al., 2015; Tan
et al., 2017; Wise et al., 2014), Review, (Wise

et al., 2014), Watching videos, (Ahn, 2013; Chen
et al., 2017; Coffrin et al., 2014; Davis et al., 2017;
der Zee et al.,, 2018; Ferguson & Clow, 2015;
Gasevic et al., 2017; Gasevi¢ et al., 2014; Haklev
et al., 2017; Koulocheri & Xenos, 2013; Li

et al., 2015; Mufoz-Merino et al., 2013; Niaki

et al.,, 2019; Syed et al., 2019; Wang et al., 2019;
You, 2016; Zhu et al., 2016), Presentation, (Harrer &
Gohnert, 2015; Ochoa Xavier & Castells, 2018;
Schneider et al., 2016)

Forum discussion (Aljohani et al., 2019; Barber &

Sharkey, 2012; Beheshitha et al., 2016; Chiu &
Fujita, 2014; Ferreira et al., 2020; Hecking

et al., 2016; landoli et al., 2014; Malekian

et al., 2020; Matcha et al., 2020; Poquet &
Jovanovic, 2020; Santos et al., 2013; Sagr &
Viberg, 2020; Scheffel et al., 2017; Sharkey, 2011;
Tan et al., 2017; Uzir et al., 2020; Wang et al., 2016;
Wise et al., 2014), Group work (Coffrin et al., 2014;
de Quincey et al., 2019; Fancsali, 2011;

Figueira, 2015; landoli et al., 2014; Koulocheri &
Xenos, 2013; Ruiz et al., 2016; Santos et al., 2013;
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Indicators

Self-efficacy, Self-motivation, Self-regulated
learning, Social Network Analysis, Student
comparison, Student efficiency, Student progress,
Temporal Analysis, Text Analysis, Time
Distribution, Timeline (status and goal), User
knowledge level, Video engagements/analytics,
Writing analytics, Engagement, Procrastination,
Self-motivation, Assessment Readiness Prediction

Academic Performance, Cognitive load, Collaborative

Learning, Discourse Analysis, Emotional state,
Learning Behaviour Patterns, Learning Progress,
Learning Strategies, Perceived difficulty,
Presentation skills (multimodal), Self-regulation,
Self-efficacy, Social network analysis, Student
efficiency, Time planning

At-risk students, Classifying Student behaviour,

Collaborative Learning, Competency, Discussion
Contribution Quantity & Quality, Discussion
Engagements, Engagement and performance,
Predictive analytics, Ideal reading material,
Learning Behaviour Patterns, Learning Patterns,
Learning Progress, Learning Strategies, Long Term
Engagement, Mediation analysis, Metacognitive
Awareness, Presentation Skills (Multimodal),
Reading Analytics, Self-motivation, Self-regulated
Learning, Social Network Analysis, Student
Classification, Student efficiency, Time Planning,
Video analytics, Video engagements/analytics,
Writing Engagement, learning behaviour

Alerting, Classifying student behaviour, Cognitive

load, Comment analytics (YouTube videos),
Competency, Content quality, Course
assessments, Discourse analysis, Discussion
engagements, Discussion forum quality, Emotional
state, Engagement and performance, Exploratory
dialogue, Game Based Learning, Group
Participation, Learning Strategy, Long Term
Engagement, MOOC completion, Measure fixed
mindset (Questionnaires), Mediation analysis,
Metacognitive Awareness, Perceived difficulty,
Predictive analytics, Reading analytics, Resource

(Continues)
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TABLE A1 (Continued)

Learning event Learning activities Indicators

Tervakari et al., 2014), Comments (Abolkasim

et al.,, 2016; Beheshitha et al., 2016; Figueira, 2015;
Gunnarsson & Alterman, 2014; Koulocheri &
Xenos, 2013; Niaki et al., 2019; Pursel et al., 2015;
Santos et al., 2013; Scheffel et al., 2017; Tan

et al., 2017; Wise et al., 2014), Posts (Ahn, 2013;
Bogarin et al., 2014; Conijn et al., 2016; Ferguson &
Shum, 2011; Gunnarsson & Alterman, 2014; Hart
et al.,, 2017; Hecking et al., 2016; Lowes et al., 2015;
Scheffel et al., 2017; Tervakari et al., 2014; Wise

et al., 2014; Zhu et al., 2016), Discourse (Chiu &
Fujita, 2014; Hecking et al., 2016; Wang

et al., 2016), Review (Wise et al., 2014), Question
(Cooper & Khosravi, 2018; Davis et al., 2017, 2018;
der Zee et al., 2018; Haklev et al., 2017; Jovanovi¢
et al,, 2019; Kaser et al., 2017; Khan & Pardo, 2016;
Klebanov et al., 2019; Kump et al., 2012; McAuley
et al., 2012; Papamitsiou et al., 2014; Papousek

et al., 2016; Pardo et al., 2016; Pardo, Mirriahi,

et al., 2016), Questionnaire (Chiu & Fuijita, 2014;
Kump et al., 2012; Manai et al., 2016; McAuley

et al., 2012; Ruiz et al., 2016), Presentation (Harrer &
Gohnert, 2015; Ochoa Xavier & Castells, 2018;
Schneider et al., 2016), Vote (poll) (Figueira, 2015)

Feedback (Corrin & de Barba, 2014; Grawemeyer

et al., 2016; Khan & Pardo, 2016; Matcha

et al., 2019; Ochoa Xavier & Castells, 2018;
Schneider et al., 2016), Self-learning/reporting
(Gasevic et al., 2017; Manai et al., 2016; Ruiz

et al., 2016; Sedrakyan et al., 2017), Analysis (Chiu &
Fujita, 2014), Peer review/assessment

(Fancsali, 2011; Figueira, 2015; Hart et al., 2017;
Schumacher & Ifenthaler, 2018; Vozniuk

et al., 2014); (Delnoij et al., 2020; Jovanovi¢

et al., 2020; Malekian et al., 2020; Saint et al., 2020;
Schlotterbeck et al., 2020), Review (Wise

et al., 2014)

Game (Holman et al., 2013; K&ser et al., 2017; Melero
et al., 2015), Problem solving (Akhuseyinoglu

et al., 2020; Matcha et al., 2019; Molenaar

et al., 2020; Niaki et al., 2019; San Pedro

et al., 2015; Wang et al., 2015), Exercise (Hecking
et al.,, 2016; Jovanovi¢ et al., 2017, 2019; Matcha
et al., 2019; Muiioz-Merino et al., 2013; Ruiz

etal., 2016)

Usage Awareness, Self-Regulated Learning, Self-
efficacy, Self-motivation, Self-reflection/Feedback,
Social Network Analysis, Student comparison,
Temporal Analysis, Time Distribution, User
knowledge level, Video engagements/analytics,
Procrastination

Academic Performance, Affective State, Completion,

Discourse Analysis, Emotion, Emotional state,
Feedback, Learning Strategies, Measure fixed
mindset (Questionnaires), Peer Assessment ability,
Presentation Skills (Multimodal), Self-Regulation,
Self-Reported Affective State, Self-reflection,
Student progress, Timeline (status and goal)

Academic Performance, Badges earned, Cognitive

load, Discourse Analysis, Emotional state, Engaged
Concentration, Game Based Learning,
Gamification, Learning Behaviour Patterns,
Learning Progress (LMS Usage), Learning
Strategies (Game), Mediation analysis, Perceived
difficulty, Predict Performance (Game), Predictive
analytics, Self-Regulation, Social Network Analysis,
Student efficiency
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