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Abstract: In the current COVID-19 pandemic era, Learning Management Systems (LMS) are commonly used in e-learning for various learning activities in Higher Education. Learning Analytics (LA)
is an emerging area of LMS, which plays a vital role in tracking and storing learners’ activities in the
online environment in Higher Education. LA treats the collections of students’ digital footprints and
evaluates this data to improve teaching and learning quality. LA measures the analysis and reports
learners’ data and their activities to predict decisions on every tier of the education system. This
promising area, which both teachers and students can use during this pandemic outbreak, converges
LA, Artificial Intelligence, and Human-Centered Design in data visualization techniques, semantic
and educational data mining techniques, feature data extraction, etc. Different learning activities of
learners for each course are analyzed with the help of LA plug-ins. The progression of learners can
be monitored and predicted with the help of this intelligent analysis, which aids in improving the
academic progress of each learner in a secured manner. The Object-Oriented Programming course
and Data Communication Network are used to implement our case studies and to collect the analysis
reports. Two plug-ins, local and log store plug-ins, are added to the sample course, and reports
are observed. This research collected and monitored the data of the activities each students are
involved in. This analysis provides the distribution of access to contents from which the number
of active students and students’ activities can be inferred. This analysis provides insight into how
many assignment submissions and quiz submissions were on time. The hits distribution is also
provided in the analytical chart. Our findings show that teaching methods can be improved based on
these inferences as it reflects the students’ learning preferences, especially during this COVID-19 era.
Furthermore, each student’s academic progression can be marked and planned in the department.
Keywords: learning management system; learning analytics; artificial intelligence; data visualization
techniques; LA plug-ins; teaching; learning
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1. Introduction

distributed under the terms and

The outbreak of COVID-19 disease has necessitated a high demand of online learning
techniques. It means that Information Technology (IT) will continue to play a vital role in
our lives, and education is one of the major industries that has been impacted by IT [1].
As a result, e-learning has become one of the most popular approaches, with academic
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institutions and universities increasingly utilizing it. E-learning is a method of supporting
and facilitating learning that uses computer and communication technologies [2]. In this
study, we analyze how the Modular Object-Oriented Dynamic Learning Environment
(Moodle) and Learning Analytics Plug-ins are used to analyze students’ learning performance. This paper discusses Learning Management Systems, Moodle LMS and how it
affects the learning culture in Muscat College. The details of LA after analyzing the data
collected, along with the benefits of Learning Analytics and its different types, are also
discussed briefly. The description of how Moodle logs support Learning Analytics is shown.
Furthermore, brief details of LA plug-Ins like SmartKlass, local plug-ins, and log stores are
provided. This paper applied Object-Oriented Programming to the course as a case study.
After integrating the plug-ins, different analytics reports taken from Moodle are discussed
in the Results and Discussion sections. The contributions made in this study are as follows:
•
•
•
•

This paper discusses learning management systems, moodle and Learning Analytics
(LA).
We have used logs in Moodle to support LA along with LA plug-ins.
The research demonstrates students’ interaction in the courses using two courses as
samples from 50 students.
Finally, the analysis has been done, proving that the learning management system
described in this paper can be used by teachers and departments for better academic progression.

The outline of the rest of the article is as follows: in Section 2, we have discussed the
literature review which encompasses the Learning Management Systems. In Section 3, we
presented the methodology that analyzed two sample courses of 50 students. In Section 4,
we have itemized and presented our Findings through Learning Analytics. Section 5 details
our discussion on actual implementation and results. Finally, Section 6 concludes the study.
2. Literature Review
2.1. Learning Management System
Learning Management System (LMS) is a software application designed to manage,
track, report, and deliver educational courses and materials [3]. As an extension of learning,
LMS allows users to retrieve details from any location [4]. With the steady growth in online
learning activities, it is becoming increasingly important for educators to collect relevant
data to monitor their students’ progress. LMS improves the efficiency of educational
processes in higher education institutions. LMS are software systems designed to assist
learners in courses, whether in traditional face-to-face (physical) classrooms or virtual
classrooms [5]. There are two categories of LMS, namely: Commercial Software and OpenSource Software. Moodle comes under the open-source category, while Blackboard is an
example of commercial software. Commercial software systems are extremely powerful,
but they come with exorbitant licensing fees [6], which most academic institutions and
universities cannot afford. Open-source software is free on the other hand, and thus,
cost-effective.
2.2. Moodle
Moodle is one of the most popular open-source LMS. Moodle is designed with PHP
programming language under the GNU General Public License. Martin Dougiamas created
Moodle to assist educators in creating online courses. It is focused on interaction and
associated content creation. It is an opponent to Commercial LMS. It is generally the
first LMS selected when an integrated, stable e-learning system requires no license costs.
Moodle records all information regarding the interactions of students who use it. This
log data provides information on how and when students accomplish tasks such as visits,
quizzes, assignments, forum conversations, course perspectives, etc. Moodle LMS offers
a great degree of flexibility and scalability, allowing it to be adapted to meet the needs of
small, medium, and large academic institutions, which vary from school to university [7].
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2.3. Learning Analytics
With more online learning activities, it is becoming increasingly necessary for educators to collect relevant and reliable data from these activities to evaluate their students’
progress. However, several existing analytics mechanisms on the market may not provide
educators with reliable and relevant data to help them assess the interactions of their
students. The LA mechanism is intended to reflect the learners’ achievement of outcomes
and rapid continuous development in the delivery and assessment technique [8]. As a
result, it is crucial to create a mechanism that shows accurate data to learners, educators,
and other stakeholders, thereby improving overall learning outcomes.
The process of examining raw data to determine its knowledge is known as Data
Analytics. Learning Analytics may provide valuable insights to users to help them plan
and take action [9]. There are four types of Learning Analytics: Descriptive Analytics,
Diagnostic Analytics, Predictive Analytics, and Prescriptive Analytics [10].
Descriptive Analytics supports the demonstration of the worth of assessed metrics
and its occurrence during a particular phase. It also analyzes raw data from many sources
to provide historical context. By including Descriptive Analytics into the LA mechanism,
instructors will better recognize the interactions of learners and perceive any problems.
Diagnostic Analytics is the next level of data analysis intricacy. It allows the analyst to
dig down and find the fundamental cause while analyzing descriptive data. It provides
thorough perception of a specific problem and the reasons for its occurrence.
Predictive Analytics is a type of advanced analytics that offers several benefits, including sophisticated machine learning and deep learning as performed in [11–14]. It is a
proactive strategy that allows forecasts, i.e., it aids in predicting what will most likely occur.
Predictive analytics uses descriptive and diagnostic analytics findings to discover clusters
to predict a future event.
Prescriptive Analytics is a type of advanced analytics that uses machine learning and
algorithms to recommend a course of action for preventing a future problem.
2.4. Moodle Logs to Support Learning Analytics
Logs in Moodle are activity reports. Moodle creates a lot of data when staff and
students engage with it. Some of this information is publicly available and may be downloaded for additional analysis to better understand student motivation and performance.
Moodle allows you to download many sorts of reports for this purpose. Users can see and
download these reports with permission to edit or perform higher tasks on them. Moodle
keeps track of the site and course activity [15].
•

•

Course Activity Log: An instructor could keep track of the activity in a course. The
teacher can see what pages the users visited, when and how they visited them, their
IP address, and their behaviors (view, add, update, and delete).
Site Activity Log: A site administrator can create a site activity log. All actions, site
news, or site problems, such as unsuccessful login attempts, may be seen in this log at
all levels.

Even though Moodle’s log data may be filtered using the reporting function, the
resulting information is insufficient to offer helpful information about the course and the
student’s performance. As a result, extracting this log data and turning it into usable
knowledge is necessary, which is a challenging process.
2.5. Learning Analytics Plug-Ins
To add more functionality to Moodle, separate Plug-Ins software can be added as
per requirement. Different Plug-ins are available in various versions of Moodle for other
purposes (https://docs.moodle.org/dev/Plugin_types accessed on 24 December 2021).
Plug-ins help get an overview of relevant metrics such as student engagement time and
student interaction with specified activities. Learner satisfaction, academic progression
insight, and preferences of learning activities, etc., can be derived from this analysis.
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Many Plug-ins are available for integrating with Moodle. The most popular plug-ins are
IntelliBoard, SmartKlass, My Feedback, Log Store, etc.
2.6. SmartKlass Plug-In
SmartKlass is a Moodle dashboard for Learning Analytics [16] that could be incorporated into the Moodle virtual learning platform to allow teachers monitor their students’
learning journeys. An external contributor named IntelliBoard [17] created this Learning
Analytics plug-in for analytic and reporting services to education communities by analyzing students’ behavioral data. This Moodle local add-on works with Moodle 2.4 to 3.0 and
collects user interactions with the platform using the xAPI 1.0 standard. The technology
analyzes the statements using machine learning algorithms and builds dashboard analysis
with consolidated user information. It enables students to view their performances, see the
evolution of the course, and receive or send alert messages.
SmartKlass consists of a strategic management module for professors, students, and
institutions. Indeed, the objective of this plug-in is to transmit to the students their progress
and help the professors in the analysis of the behavior of a group or a particular student to
improve and personalize the activities of the course training. The institution will be able
to consult this data to obtain an overview of the evolution of the various training paths.
Although this dashboard transmits some information on the use of the LMS platform, such
as the number of statements generated per day, showing the busy days on the platform, or
the total number of courses, it is not however not oriented towards an analysis of relevant
metrics for the administrator part, but more towards a form of analysis on the evolution of
the learning of the learners.
This plug-in allows a rich picture of the evolution of students in an online course by
studying their behavioral data:
•
•
•
•

•

It assists teachers in identifying students who are falling behind.
It helps teachers identify students for whom the topic is not demanding enough.
It assists teachers in comparing participation and outcomes across courses.
This plug-in gives information to the teacher so that they can make direct contact with the students, assign specific content, promote engagement, or provide
extra instruction.
It assists teachers by assisting students, i.e., students can learn about their performance
and compare it to the group.

2.7. IntelliBoard
Even though IntelliBoard is not specially built for Moodle, this reporting plug-in
works with the most popular LMS. The single dashboard provides graphical views of
data and custom reports [17]. Admin reports, notifications, learner access rate, etc. are
supplied from the analysis. The learner can use this for self-assessment by comparing their
progress against course completion. Teachers and admins can track the course activities
and acceptance among learners. Role-based reports and customization options are the
features of this plug-in, although it is expensive.
2.8. My Feedback
A free plug-in, My Feedback, lets students overview their grades and view feedback
on assignments. It is a simple plug-in aimed at improving student learning by helping them
understand their possible areas of improvement. Teachers, admins, and personal tutors can
also see student feedback reports on Moodle or Turnitin assignments, workshops, quizzes,
and grade items in the Gradebook.
2.9. Log Store Learning Analytics for Moodle
This LA consists of two plug-ins: Local Learning Analytics are used for user interface
and Log Store Analytics, which logs the events to the database.
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3. Methodology
Muscat College introduced the Moodle Mobile App for learning as a part of the
Virtual Learning Environment (VLE) during the COVID-19 pandemic. Initially, the student
community had complaints with the usage of Moodle LMS when learning started offcampus. The main reason this has been reported to concern teachers/mentors by students
is that they find difficulty in browsing Moodle through a mobile browser instead of PCs.
Due to the insufficiency of laptops at home for each family member, they faced obstacles in
the student learning process, despite educators giving them repeated attempts at quizzes
and other assignments. Hence, this study is the increased interest of our students in learning
by using Logstore Learning Analytics for Moodle. This plug-in helps identify students that
are lagging, as well as students for which the course content is not challenging enough.
Our motivation is thus to provide a higher quality of study conditions and materials for our
students as per their interaction. We aim for a constant improvement of academic progress
through these mechanisms. This methodology is depicted in Figure 1.

Figure 1. Methodology.

Data Collection
The log/activity report was collected for 50 Computer science students in the academic
year 2021 during the Autumn Semester from September 2021 till January 2022 (https://gith
ub.com/DrCI1/Smart-Analysis-of-Learners-Performance-using-Learning-Analytics-for-I
mproving-Academic-Progression- accessed on 24 December 2021). Mc_cs_standardLog.csv
report, which was downloaded by the system administrator, recorded every possible action
taken on a Moodle server. Each activity is an individual unit performed by a user.
This table consists of the time the action was performed, the user and name of the
user, types of action, the course the user acted on, origin of the login (Browser/App),
and the computer’s IP address the user used, etc. This table is of utmost importance for
understanding the interface of student login and what the users are doing with the system.
Moreover, the Course Activity Report (Object-oriented programming) of the Bachelor’s
degree program has been analyzed to understand the activities of students, such as how
many times they have accessed Moodle, which action is most interacted by the students, etc.
4. Results: Findings through Learning Analytics
1.

2.

The number of users was analyzed to understand student interaction with Moodle
LMS. We have considered two courses for observation. The course Object-oriented
Programming is with 12 students, and another course Data Communication Network
has 38 students. It was observed that students prefer video materials than the test
files. Another observation is that folders are lesser accessed than files.
Students’ login attempt were analyzed based on the type of assessment used by
students to interact with Moodle LMS. Figure 2 demonstrates the distribution of
access to the contents graph, which shows the distribution of quantitative data. The
course activity log clearly shows the distribution of access to different contents such
as assessments, lecture notes, forums, other URLs, etc. The overall graph explains
what type of content the students are interested in. In addition to that, the distribution
of access to each content also can be taken using the ‘Build the Graph’ option in the
Plug-in. This implies the acceptability rate of each range. As per this analysis, teachers
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can provide more simple and easily accessed supporting activities. In one observation,
forums give more opportunity for student-teacher interaction. This analysis helps
teachers identify students’ interests and improve the quality of teaching and academic
progression of that class.

Figure 2. Access to contents.

3.

The distribution of access to the contents is shown in Figure 3. This analysis indicates
that the distribution of entries is different for various ranges; 10 students access the
course outline, while 11 students access the course delivery schedule, only 9 students
downloaded Netbeans, and 8 students compiled Java programming. All students
have participated in Quizs and accessed Chapters 9 and 10. In the course DCN, it is
observed that 22 students out of 38 had accessed the course outline while 20 students
accessed the course delivery schedule. All students in DCN download the chapters.
All students in DCN attempted the assessment. The teachers and department can
conclude that class of DCN is a good team of students, and their academic progression
will be very good. In contrast, the academic progression of the class Object-oriented
Programming will need more students’ efforts. Accordingly, departments and teachers
can plan improved mechanisms to increase academic progression.

Sustainability 2022, 14, 3378

7 of 13

Distribution of access to contents (resources, urls
and
Access
pages)
No access
Course: Object Oriented Programming-SEMI-21-22
Begin date: Friday, 10 September 2021, 12:00 AM
Chapter 3: Introduction to
OOP_Using Classes

5
5
5
5
5
5

Chapter 4: Selection Structure

5
5
5
5
5

7
7
7
7
7
7
7
7
7
7
7
7

5
Fast Feedback

Quiz 2- Overloaded ConceptsPractice

Topic 2

10
10
10
10
10

2
2
2
2
2

10

2

12
12
12
12
12

0
0
0
0
0

12

0

Course Outline

2
2
2
2
2

10
10
10
10
10

2

10

1
1
1
1
1

Course Delivery Schedule

11
11
11
11
11

1
Downloading Netbeans

9
9
9
9
9

3
Chapter 1

8
8
8
8
8

4
4
4
4
4

9

Topic 4

8

4

Chapter 2: Java Basics

9
9
9
9
9

3
3
3
3
3

Topic 5

9

3
Quiz-1-Final

Contents

Quiz 2- Overloaded ConceptsFinal

12
12
12
12
12

0
0
0
0
0

12

0

12
12
12
12
12

0
0
0
0
0

12

0
HAND ON T EST - 06-12-21

Mini Project -Individual
Contribution

12
12
12
12
12

0
0
0
0
0

12

Topic 6

0

12
12
12
12
12

0
0
0
0
0

12

0

Mini Project

11
11
11
11
11

1
1
1
1
1

11

1
Quiz 3 & 4 (20-12-21)

12
12
12
12
12

0
0
0
0
0

12

0

Chapter 6: Repetition Structure

9
9
9
9
9

3
3
3
3
3

Chapter 7: User-defined classes

8
8
8
8
8

4
4
4
4
4

8
8
8
8
8

4
4
4
4
4
4

Chapter 8 - Single-Dimensional
Array

8
5
5
5
5
5
5

4
4
4
4
4
4

Chapter 10: Exception Handling

Topic 9

7
7
7
7
7
7

Chapter 9 - Inheritance &
Polymorphism

Topic 8

8

4

Unit & Assessor Evaluation

Topic 7

9

3

8
8
8
8
8

Topic 10

8
5
5
5
5
5
5

Student Integrity Declaration Form

Topic 11

7
7
7
7
7
7

0
0
0
0
0

Topic 12
12
12
12
12
12

0
Model Question Paper

11
11 12
11
11
11

Topic 13

1
1
1
1
1
0

Topic 3

11

3
3
3
3
3
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10
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15
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Figure 3. Distribution of Access to contents.

4.

Also, Based on the Course Activity log, student interaction with courses has been
measured for two months, starting from September 2021 to November 2021. The
regression analysis using plots was conducted separately for the course with Moodle
LMS. Figure 4 shows the number of students who have accessed Moodle. Figure 4a
shows the number of active students who accessed the Moodles and Figure 4b shows
the number of student activities in the Moodle. The observation was made on two
courses, Object-Oriented Programming and Data Communication Network. Getting
an idea about the number of active students in a class helps teachers and departments
plan the improvement needed for better academic progression.
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(a)

(b)
Figure 4. Number of active students and number of activities.

5.

6.

This plug-in can also analyze different types of accessing rates per assessment.
Figure 5 reveals how many quiz submissions are on time, and how many have submitted late. Figure 5a shows the quizzes submitted, while Figure 5b reveals the ratio of
those submitted on time as well as late submissions. This analysis helps to put proper
grades for course work. Different assessment’s submission graphs can be analyzed,
which allows teachers to understand the trend of submission of the class so that they
can plan the schedule of further deadlines of the assessments. This helps teachers and
departments take precautions from students being absent for the evaluations.
In addition, the number of activities made by each student also can be noted through
the hit report as shown in Figure 6. This helps to understand each student’s academic
performance in the class. Individual attention can be given at the proper time and
appropriately, which supports academic progression. Analysis report about hits
distribution provides a picture of how many hits by each student, the pattern of hits
by each student, and the number of attended resources. Teachers can infer which is
the proper time to give assessments, how many assessments can be given per week,
and the most exciting assessments.
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(a)

(b)
Figure 5. Quiz submission ratio.
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Figure 6. Hits distribution.

5. Discussions
The study was conducted at Muscat College, with the course Object-oriented programming having 12 students and Data Communication Network with 38 students. With
the adoption of Moodle LMS during the COVID-19 pandemic off-campus and self-study
mode, the Moodle Mobile App was introduced for flexible and convenient use of LMS
using Android and iOS mobile phones. Its aim is to overcome the various challenges faced
by students during off-campus. This was done with the use of Learning Analytics methods in Python with the support of Seaborn, a Python data visualization library based on
matplotlib. Extracted data from Moodle LMS Activity Log (students and courses) provide
a lot of information about students’ activities in the system. Such data can measure the
improvement of student learning patterns, effectiveness, and comfort using Moodle Mobile
App for LMS.
Learning Analytics statistics, interestingly, have revealed a considerable improvement
in the course learning performance of students. This indicates that students’ activities
were analyzed in detail with the help of the LA plug-in. As per the analysis, teachers can
understand the acceptance of the assessments by students. This will help them design new
assessments or change the pattern of the current evaluation. The quality of the assessment
design will be improved through this.
Teachers can identify how many students were active in the class, and if the activities
are more interactive. This gives an idea to teachers and management about course delivery
and more interactive activities. The quality of teaching can be improved by analyzing
this. Another analysis report reveals the ratio of on-time assessment submissions and
late submissions. Teachers can do better planning based on this in the case of online
submissions of assessments and avoid late submission or no submission.
Figure 7a shows that 61.9% of the students accessed the Moodle, Figure 7b shows
that 100% submitted their assignments on time while Figure 7c indicates that only 33.3%
submitted their quiz. All these analyses lead to the inference about students’ performance
during the course delivery, which helps teachers and management improve student academic progression. This has a long-term positive impact on the passing rate of graduates
from an educational institution.
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(a)

(b)

(c)
Figure 7. Number of active students and number of activities.
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6. Conclusions and Future Work
In this paper, Learning Management System and its role in tracking learners’ activities for courses are discussed. The relevance of LA is discussed elaborately, along with
different types of LA plug-ins used in Moodle. Various learning activities of learners are
analyzed with the help of LA plug-ins in two sample courses such as Object-Oriented
Programming and Data Communication Network. A total of 50 student samples were
taken for data analysis. Two 12 plug-ins, local and log store plug-ins, are added to the
sample courses, and reports are observed. Different reports like access graph to content,
resource distribution, distribution of access to contents, number of active students and
student activities, assessment submission ratio, individual hits distribution are observed.
The analysis has reflected that these reports can be used as indicators for tracking students’
academic progression. Since the mode of study is changed to direct in between, some of the
assessments are conducted physically in the classroom. In such cases, student interaction
could not be taken and analyzed. In future, all assessments will be conducted in online
mode and analysis can be taken based on more parameters.
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