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Abstract—Digitalization catalyzes drastic changes to a
particular subject or area. Digitalization is an operational
structure transformation process, such as in the educational
domain. Digitalization in the academic field has brought the
classroom to the users' fingertips with the prevalence of e-
learning applications, learning management systems, etc.
However, with the increasing number of digital learning
platform users, educators find it hard to monitor their students’
progress. Analytics that analyze data generated from the usage
pattern of the users contribute to giving the educators an insight
regarding the performance of their students. With that, they can
apply early intervention and modification of their delivery
method to suit the students' needs and, at the same time, increase
the quality of the content. This study illustrates the development
of a learning analytics dashboard that can improve learning
outcomes for educators and students.
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I.  INTRODUCTION

Learning Management System (LMS) is a software
application developed for the administration, tracking,
reporting, and delivery of educational courses and contents [1].
There are various LMS(s) to choose from in the market; for
example, Moodle is the most widely used LMS. LMS utilizes
the internet as an extension of learning, allowing users to
access the content anytime and anywhere. With more learning
activities conducted online, obtaining relevant and accurate
data from these activities has become more important for
educators to monitor their students' performance [2]. However,
some existing analytics dashboards available on the market do
not present accurate and relevant data for educators to
understand their students' performance [3]. Purposely, an
analytics dashboard is expected to indicate the attainment of
the learning outcomes by the learners and triggers continuous
improvement in the delivery and assessment method.
Therefore, it is vital to develop a dashboard that displays
accurate and relevant data that could provide insight for
learners, educators and relevant stakeholders, which could
eventually improve the overall learning process.

In this study, the analytics dashboard development
approach has been proposed. Firstly, the back-end of the
analytics dashboard has been designed and developed so that
accurate and relevant data can be displayed on the dashboard.
Secondly, a straightforward and easy-to-use interface has been
created to allow users to read data easily. The analytics
dashboard has been designed to fulfil the need in order to

obtain relevant and meaningful data from a data source so that
educators can better understand their students' performance [4].
There are three (3) main sections that focus on (a) review
relevant studies and related analytics dashboards, (b) analytics
dashboard requirement, and (c) proposed analytics dashboard
design that constructs the proposed learning analytics
dashboard as the contribution of study which outlines relevant
data visualization strategy.

Il. REVIEW OF RELEVANT STUDIES AND RELATED
ANALYTICS DASHBOARDS

This section discusses relevant previous studies and related
analytics dashboards. It comprises the following three (3)
sections that focus on Moodle LMS, data analytics, and a
review of a corresponding analytics dashboard. It aims to
provide a fundamental understanding of the related area and
prepares for a review of data visualization and dashboard
design in the subsequent section.

A. Moodle LMS

Moodle LMS is a web-based system specifically developed
to complement traditional learning methods that allow users to
attend courses, submit assignments, and many more online.
Moodle LMS is an open-source learning management system
developed using PHP programming language and was first
released in 2002. With the increasing demand and usage of
online learning, Moodle now has more than 278 million
registered users in 2021 [5].

Moodle LMS is designed to support teaching and learning
with over ten (10) years of development guided by social
constructionist pedagogy [6]. Moodle LMS has a simple
interface with drag-and-drop features and well-documented
resources along with ongoing usability improvements. Moodle
LMS has very high flexibility and scalability that can be
customized to support the needs of both small classes and large
organizations.

B. Data Analytics for Moodle LMS

Data analytics is the process of analyzing raw data to
conclude the information contained in them. Valuable insights
can be extracted from data analytics to assist users in planning
and taking actions [7]. Data analytics can be divided into four
categories:  descriptive analytics, diagnostic analytics,
predictive analytics, and prescriptive analytics [8]. Descriptive
analytics contributes to showing the value of measured metrics
and what had happened in a specified period. Descriptive
analytics process raw data from data sources to give valuable
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insights into the past. Implementing descriptive analytics in the
learning analytics dashboard would allow the educators to
understand their students' performance trends and identify any
issues. Diagnostic analytics is the next step of complexity in
data analytics. While assessing the descriptive data, diagnostic,
analytical tools allow the analyst to drill down and isolate the
root cause of a problem. Diagnostic analytics gives in-depth
insights into a particular problem on why the problem
occurred.

Predictive analytics is advanced analytics that brings many
advantages, such as sophisticated analysis based on machines
or deep learning. It is a proactive approach that enables
predictions. Predictive analytics contributes to providing a
forecast of what is likely to happen. Predictive analytics
utilizes descriptive and diagnostic analytics findings to detect
clusters and exceptions and predict future trends. Predictive
analytics is a valuable tool for forecasting. Prescriptive
analytics is sophisticated analytics that utilizes machine
learning and algorithms to prescribe a possible action that can
be taken to eliminate a future problem.

Therefore, four types of analytics can be implemented into
the analytics dashboard for Moodle LMS. Most commercial
solutions available in Moodle LMS are descriptive analytics
[6]. Moodle LMS provides various built-in reporting tools
based on log data; however, they are primarily illustrative.
Third-party developers can develop learning analytics
dashboards that emphasize diagnostic and prescriptive
analytics to understand the cause of events and figure out
solutions to improve learning outcomes.

C. Review of Relevant Analytics Dashboard for Moodle LMS

It has become a challenge for developers to design an
analytics dashboard that suits the needs in the educational
domain to process the data generated by online learning
activities [2]. Each analytics dashboard has features that do not
necessarily fulfil every user's requirement [9]. The design of
the analytics dashboard can be varied, depending on the
implementation of the developer. Providing a simple easy-to-
read dashboard is very important.

In our study, three (3) analytics dashboards have been
chosen: Piwik Analytics, Blocks: Progress Bar, and Blocks:
Analytics Graph. These analytics dashboards were selected to
be most actively updated in the Moodle LMS plug-in library
[6]. Fig. 1, Fig. 2, and Fig. 3 shows three (3) examples of the
analytics dashboard available as Moodle LMS plug-in. As
shown in Fig. 1, Piwik Analytics provides reporting in the form
of a comparative table. Data such as page views, bounce rate,
and average generation time are recording to provide an
overview for the user to understand their contents hit rate.

As shown in Fig. 2, Blocks: Progress Bar is a reporting tool
that reports on the students' progress. The users can gather
information regarding the progression of the students.

As shown in Fig. 3, Blocks: Analytics Graph shows the
distribution of the hits of the course content in the form of a
line graph. Similar to Piwik Analytics in Fig. 1, the contents
accessed rate of the students shown in the chart that allows the
user to develop an overview of the course contents access rate.
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Fig. 1. Piwik Analytics

Dashboard Visitors Actions Referrers Goals
Pages Entry pages Page titles Site Search Outlinks Downloads
st gora-0-a3fl)  Aw visiTs .
Page titles
PAGE NAME PAGEVIEWE  UNIGQUE he BOUNCE AWiE. TIME BT AVS
PACEVIEWS RATE ok PAGE RATE GEMERATICN
TamE
Moodlemoot Edinburgh 2014 oH 13 0% 2 min 284 15% 0.25%
Moot 2014 - General Area a0 ) 0% 3 min 304 29%a 0.24%
book s 2 0% 1 min 504 50% 0.24%
Travel Infa €] 1 0% i5s 100% 0.245
Venus Bookiet 5 1 0% 3 min 45 0% 0.255
forum L 2 0% 2 min 555 0% 0.294%
General Discussions 4 1 0% 4 min 475 0% 0.273
Moot ARRGURCEMEnts 2 1 0% 1 min 25 0% 0.33s
questionnaire 10 2 0% 1 min 30s  50% 0.28%
Hotel 10 2 0% 1 min 30% 50%0 0.28%
Airport - COACH Pickup 10 2 0% 1 min 50s  50% 0.28%
Dropoff Spots = “please complete™= 10 2 0% 1 men 505 50% 0.283
wiew a7 1 0% 11min22s 0% 0225
Moot 2014 - Workshops (14th april) 1r s (L 1min 225 0% 0. 26
choice 2 2 0% FL 0% 0.27%
book E) 1 0% 2 min 155 0% 0.25s
forum 2 1 0% 205 0% 0.165
View 10 1 0% Imin19s 0%  0.28s
Moot14 Workshops 1 1 0% 42s 0%  0.3s
Fig. 2. Blocks: Progress Bar.
Hits distribution
Course: 201472 - Roteamento - Prof. Marcelo
Begin date: Mon, 4 Aug 2014, 12:00 AM
Days Resources
Course c°  Number of days by week with access
Students e with umbor of weels-21) with Number f resaurces accessed hy week
coess acoess
Adair Jinior 21 11 b1
Anderson Paim dos Santos Vianna 74 3 3
Andrés Nicolds Rivero 8 45 38
Bruno Trevissol do Nascimento 147 38 35
Caroline da Silva Tolfo 56 0 k]
Ernando Souza 176 52 49
FELIPE DIAS COSTA ZIELINSKI 9 4 0 i€

Fig. 3. Blocks: Analytics Graph.

Based on the comparative analysis of the common features
available in these dashboards, a comparison table is tabulated,
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as shown in Table 1. The finding based on Table I reveals that
assignment progress and learning progress can be considered
as common features between these analytics dashboards.
Indirectly, assignment progress and learning progress are
essential features for any learning analytics dashboard [10].

TABLE I. COMPARISON BETWEEN EXISTING DASHBOARDS
Features Piwik Blocks: Blocks:
(Measuring Metrics) Analytics Progress Bar | Analytics Graph
User active time Yes No Yes
Assignment Progress No Yes Yes
Learning Progress No Yes Yes
Marks No No Yes
Submission No No Yes
Contents Hit Count Yes No No

I1l. LEARNING ANALYTICS DASHBOARD REQUIREMENTS

User requirements have to be fulfilled to achieve the
objective of developing the analytics dashboard. The primary
user base of the analytics dashboard focuses on the educators
who use a learning management system such as Moodle as part
of their teaching medium. The analytics dashboard will become
a tool for them to monitor their student's progress quickly and
efficiently.

Various types of assessment can be implemented in LMS
[11]. Our study revealed that assignments handouts using LMS
are common usages of LMS in modern learning. Tracking a
student's assignment has become more important for educators
to keep track of their students. Knowing the performance of
their students allows educators to decide on how to improve
the outcome.

Learning progress reporting is also an essential element in a
learning analytics dashboard. A learning analytics dashboard
that has both the educator-facing dashboard and student-facing
dashboard is an ideal implementation [10]. The educator-facing
dashboard allows the educators to understand the progress
report of their students and helps the educators develop an
overview of their courses and identify students with low
performance. On the other hand, the students-facing dashboard
allows the students to keep track of their progress, which helps
them increase their self-awareness of their performance.

The learning analytics dashboard is designed to extract data
from the data source and convert the data into meaningful data
visualization. The data visualization allows the users to
understand the information that is shown in the analytics better.
Key data visualization charts in the analytics dashboard include
marks of students' assignments, quizzes, attendance, project
marks, and, most importantly, their progress in terms of
learning outcomes.

The system model of the analytics dashboard only involved
three main entities: Moodle LMS, the analytics dashboard, and
the users. Data is generated continuously from online activities
held in Moodle LMS, such as online quizzes and online
assignments. The information is then stored in the Moodle
LMS server. The data is then downloaded and converted into a
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readable format of the analytics dashboard. Once the data is
uploaded to the analytics dashboard, the back-end system of
the analytics dashboard will automatically convert the data into
data visualization, such as a table, line charts, and bar charts.
The users can interact with the dashboard after the data
visualization.

IV. PROPOSED LEARNING ANALYTICS DASHBOARD DESIGN

The design specification of the analytics dashboard is
influenced by the objective and the current design trend. The
design specification of a system that will be developed is
important because the users' workflow is affected by design.
The analytics dashboard is created as a web application using
Python and Dash framework. This approach allows the
developer to better focus on data visualization as the Dash
framework in Python is specialized in data visualization.
Besides, developing the system as a web application is more
productive as users do not need to install the software; they can
view the dashboard using any web browser. Fig. 4 shows an
example of an analytics dashboard design that can be
implemented.

The design of the analytics dashboard has to produce data
visualization with simplicity so that the users can read the data
accordingly when there is a lot of data. Implementing
personalized options and interaction in the dashboard is
preferable for a better user experience [12]. The back-end of
the analytics dashboard is designed so that the data obtained
from the data source can be converted into data visualization.
One of the approaches our study has revealed is that the
analytics dashboard can be developed using the Dash
framework in Python. The end product will be a web-based
analytics dashboard that can be accessed using any web
browser. The main component of the analytics dashboard is the
interface. The dashboard will display all the data visualization
in a scrollable manner. The users can glance through all of the
data quickly. Fig. 5 shows the name list of all the students in a
certain course in a table that can be implemented in the
dashboard. The table provides a simple overview of the
student's performance in a specific course.

Visual Progress Chart

Edparning E-Laarning Program Classroom Training Progress

Program Resource togn Participant Feedback

Fig. 4. A Design Example of an Analytics Dashboard.
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Fig. 5. The Interface of the Analytics Dashboard.
Quizzes

Moreover, the analytics dashboard also shows the students'

achievement in terms of learning outcomes in a line graph. I Ill I II II
This type of data visualization provides a simple explanation of : l. : l lllll I l l

the performance of the student. The users can know the highest
performer as well as the lowest. Fig. 6 shows the line graphs
shown in the analytics dashboard.

Fig. 7. Example Bar Charts 1.

The other data visualization available in the analytics
dashboard includes the bar chart. The bar charts show the
individual mark of each student in terms of assignments,
quizzes, attendance, and their total marks. Fig. 7 and 8 show
the bar charts that are shown in the analytics dashboard. The
bar charts allow the users to read the progress trend of each
student in each measuring metric.

Project and Attendance

Other than data visualization, analytics dashboards that
allow users to interact will provide a better user experience.
Fig. 9 shows the selected students in the table. The users can
pick whichever student they want in the table on top of the
analytics dashboard. The chosen students will be highlighted in
Fig. 10, 11 and 12. This provides the users with convenience
when reading the data.

Leaming Outcome 1
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i e o B Fig. 9. Selected Students.

Fig. 6. Example Line Graphs.

841|Page
www.ijacsa.thesai.org



(IJACSA) International Journal of Advanced Computer Science and Applications,

Assignments

Fig. 10. Highlighted Students in Assignment.

Quizzes

Fig. 11. Highlighted Students in Quizzes.

Project and Attendance

Total Mark

Fig. 12. Highlighted Students in Project and Attendance.

V. CONCLUSION

In conclusion, the study has provided an extensive view of
the approach when developing a learning analytics dashboard
that can be implemented within Moodle LMS. A well-designed
analytics dashboard will allow educators to understand better
the data collected by the LMS through online learning
activities [13]. Meaningful insights obtained from the analytics
will help educators to understand the performance of their
students [14] [15] [16]. Descriptive analytics will allow

Vol. 12, No. 7, 2021

educators to monitor the performance of their students in a
specific period. In contrast, more complex analytics such as
diagnostic and prescriptive analytics will explain the cause of
events and actions to improve the situations. Thus, such
implication has the potential for future research work which
could benefit educators and learners [17] [18] [19] [20] [21].
Furthermore, studies investigating novel and innovative
methods for measuring learning outcomes attainment,
especially for online learning during COVID-19 pandemic era,
have caught the attention of various researchers [22] [23].
Thus, this triggers the development of a learning analytics
dashboard, particularly for Moodle, as it is the most widely
used LMS.
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