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Abstract. Insufficient feedback and lack of interaction among instructors and
learners affect negatively learner retention and engagement in MOOCs. These
factors, paired with the feeling of isolation, have a high influence on learners
who do not complete the course in which they have enrolled. To overcome this
situation, we propose a system to provide periodically MOOC learners with
visual information on a Web-based Learner Dashboard, showing them their
progress and engagement in the MOOC. This provided information is part of
an Intervention Strategy on the learning of these learners. The system offers
MOOC instructors to access to a Web-based Instructor Dashboard that shows
the interest in this service by the learners and, therefore, facilitates evaluating
the success or failure of the Intervention Strategy.
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1 Introduction and motivation

As times goes by, Massive Open Online Courses (MOOCS) have continuously
grown in supply (number of courses offered), demand (number of learners enrolled)
and relevance in e-Learning discipline [8]. Nowadays, they are accepted as a valid
source of educational resources, even sometimes as an official formation recognized by
higher education institutions.

In the case of the University Auténoma of Madrid (UAM, Spain), it offers several
MOOCs at edX since 2015 (https://www.edx.org/school/uamx). In this article, the
approach presented was tested in the MOOC: “Introduction to Development of Web
Applications” (WebApp MOOC), as in previous works.

Several research studies agree on identifying that insufficient feedback and lack of
interaction among instructors and learners affect negatively learner retention and
engagement in MOOCs [5][11]. These factors, paired with the feeling of isolation, have
a high influence on learners who do not complete the course in which they have
enrolled. Therefore, it is necessary to address these issues to adequately direct research
to learners at risk of dropout.

1 Copyright © 2020 for this paper by its authors. Use permitted under Creative Commons
License Attribution 4.0 International (CC BY 4.0)
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It is well known that the main research discipline that can provide ideas to solve the
presented problem is Learning Analytics [7][10]. We find a wide variety of Learning
Analytics tools in different higher education institutions for prediction and
visualisation, among others, in different aspects of learning in MOOCs [6][9].
Furthermore, one of the authors of this article has developed different learning analysis
tools previously [1][2][3][4] to solve related problems.

With the aim of decreasing the mentioned feeling of isolation in MOQOCs, at UAM
we have developed a Learning Analytic system for periodically providing feedback
messages to the learners. This system is called edX-LIS (acronym of Learning
Intervention System for edX MOOCSs). It provides to the course instructors the
feedback messages, based on the learner performance in the course and have
information on their progresses and recommendations about how they could improve
their performance. Therefore, the instructors can send these mentioned messages to the
MOOC learners.

In order to test the intervention strategy on learners’ learning supported by edX-LIS
a research study conducted with the learners of the first run of the mentioned MOOC.
The obtained results from this study have demonstrated that the intervention strategy
proposed had a positive impact in the motivation, persistence and engagement of the
learners in the MOOC.

Nevertheless, we obtained information about the usefulness of the intervention
strategy thanks to the answers obtained from a satisfaction questionnaire, that, only few
of the enrolled learners that received these feedback messages answered.

Therefore, to provide monitoring of the intervention strategy on the learning of the
MOOC learners, we propose in this article the extension of the previous system to a
Web-based Learning Analytics System called edX-LIMS (acronym of System for
Learning Intervention and its Monitoring for edX MOQOC). edX-LIMS provides, among
other services, MOOC learners with an easy way to visualise their engagement in the
course in a “Web-based Learner Dashboard” and it provides MOOC instructors with
an easy visualisation of the learners’ interests in the aforementioned visualisation in a
“Web-based Instructor Dashboard”.

The structure of this article is as follows: in the next section, we present a detailed
description of the proposed Learning Analytics tool: edX-LIMS; in section 3, we
present the current use of the tool in a case study with learners of the aforementioned
MOOC. Finally, the article ends with conclusions and future works.

2 The approach proposed: a System for Learning Intervention
and its Monitoring for edX MOOCs

We propose a Web-based Learning Analytics System called edX-LIMS, which
provides an intervention strategy on the learners’ learning and the monitoring of the
mentioned strategy by the instructors. We have developed the system for any edX
MOOC; however, we have tested it on a specific course (see Section 3 for more details).

In addition, in MOOQOCs at edX Platform, only the learners enrolled in the verified
itinerary (i.e. the learners who pay a fee) can carry out course assessment activities and,
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therefore, they can be evaluated and get a final grade in the course. Our approach deals
with only these verified learners. Therefore, in this article, when we mention MOOC
learners, we refer exclusively to MOOC learners enrolled in the verified itinerary.

The user roles for a specific MOOC in our system are: i) Learner (any learner who
is enrolled in the verified itinerary), ii) Instructor (any member of the course instructors
team) and iii) Admin (any instructor who maintain and manage the course data in the
system).

Five interconnected services provide the system functionality. These services are
coded in Python language (https://www.python.org/) and presented in the next
subsections.

2.1  Introduction to the system proposed

The system services are (see Fig. 1):

e Course Data Processing Service: the system, based on course data, calculates
the learners’ indicators, which represent a summary of the learners’ interactions.

e Learning Intervention Generation Service: the system, based in the learners’
indicators, provides the intervention strategy on the learners’ learning. That is,
it generates interactive Web-based Dashboards (one per learner). Therefore, it
sends the corresponding information for the access of these Dashboards to the
learners via email.

e Intervention Visualisation Service: The learners have the opportunity to access
to their Learner Dashboards, which show them their engagement and
performance in the course.

e Course Data Monitoring Service: the system allows instructors to monitor
summary course data.

e Learning Intervention Monitoring Service: the system allows instructor to
monitor the interests of the learners in their received Learners Dashboards.

Admin Instructor Learner

Course Data Processing Service J Learning Intervention Generation Service Intervention Visualisation Service

!i Learner Interest in their
My Seeice ‘ O lllll. Fngagement Subservice|
[ N e ‘

Extraction and Indicators tearner Dashboard
preprocessing B generation B Store Subservice Generation
Subservice Subservice Subservice

MongoDB
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Course Data Monitoring Service Learning Intervention Monitoring Service
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Fig. 1. edX-LIMS services.

The system provides their users three types of Web-based Dashboards. Each one of
them can be accessed by the corresponding role user and provides access to the
appropriated system services:
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e Learner Dashboard: Intervention Visualisation Service.

e Instructor Dashboard: the service contained in the Learner Dashboard, Learning
Intervention Generation Service, Course Data Monitoring Service and Learning
Intervention Monitoring Service.

e Admin Dashboard: the services contained in the Instructor Dashboards and
Course Data Processing Service.

2.2 Couse Data Processing Service

This service allows extracting, cleaning, selecting and preprocessing course data
(MOOC log tracks) to obtain the relevant learners’ activity. Moreover, it supports the
creation of input variables or indicators and data storage management. The following
subservices compose this service.

Extraction and Preprocessing Subservice

It is designed to extract and clean course data, preprocess and change its
representation. In more detail, in this subservice, we build the learners’ activity matrix
considering their registered events. We filter events data by type and user. We only
collect the events by users who are verified learners.

Indicators Generation Subservice

This service calculates the indicators for the course. These indicators measure for
each learner the following: time spent at the course, time invested in graded
assignments, videos and forum, number of sessions and events registered, number of
days connected, the number of consecutive inactivity days, and the number of different
graded assignments solved and videos accessed. In addition, it calculates the current
final grade for each learner considering the partial grades of their solved graded
assignments.

Store Subservice
The generated indicators are stored as data collections in a MongoDB Database.

2.3 Learning Intervention Generation Service

This service generates the intervention strategy to the learners’ learning considering the
learners’ indicators extracted in the previous service. The following subservices
compose this service.

Learner Dashboard Generation Subservice

This subservice creates a visualisation per learner that reflects their performance in
the course. With this aim, it generates and organises visual components (graphs) with
the use of the framework Dash (https://plotly.com/dash/), which is based on Flask and
React.js.
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Mailing Subservice

The aim of this subservice is to send the information to access to their Learner
Dashboards to the learners via email. In addition, this subservice provides the use of
templates to configure the content of the emails, and the recipients, among others.

2.4  Intervention Visualisation Service

This service provides the graphical visualisation of each Learner Dashboard, which can
be visualised in any web browser. Each Learner Dashboard shows the engagement and
performance of the learner in the course in the following visualisations:

o The current grade of the learner in the course (see Fig. 2), which is a value between
one to zero (one is the maximum value and zero the minimum one). This value
(number in black shown as a blue line in the graph) is compared with the average
grade of all the learners in the course (yellow line in the graph). In addition, the
learner can see the difference between their grade and the average grade of all the
learners (number in green).

How is my Engagement in the Course?

Current Grade (Date: 03/10/2020)

Difference with the Average Grade
0.4 0.6

Fig. 2. Graph with the current grade of the learner.

o Data about the learner interactions in form of their calculated indicators daily (see
Fig. 3). The learner can select the indicators to show in the graphs. These indicators
can be compared with the average of these metrics of all the learners. The left graph
shows the selected metrics and the right graph shows these values accumulated in
time. The learner can click in the question mark icon to access help, i.e. a pop-up
window with descriptions of the values in these graphs.



66

Activity in the Course

Caily Indicators Daily Accumulated Indicators

Fig. 3. Graphs with the daily indicators of the learner.

o Data about the performance of the learner (see Fig 4.). The left graph shows the
progress of the learner on the content course units and the right graph shows their
progress on the graded assignments. In addition, the learner can compare their
metrics with the average values of the same ones from all the learners.

Progress in the Course

Filter by date: @

Progress on Course Units

L - M 03102020

 _umx2 # Show course averages in that date

Progress on Graded Course Assignments

Fig. 4. Graphs with the progress of the learner.

Learner Interest in their Engagement Subservice

The “Intervention Visualisation Service” integrates a functionality that registers all
learner interactions with the graphs and their parameters available in their Learner
Dashboard in the MongoDB Database. Therefore, this information shall be used in the
“Learning Intervention Monitoring Service”.
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2.5  Course Data Monitoring Service
This service depicts course data in several graphs and tables as follows:

o General data of the course (see Fig. 5) in these metrics: total number of learners (the
learners who are enrolled in the verified itinerary of the course) and certified learners
(the verified learners who have passed the course because their grade is equal or
greater than 0.5), average grade of learners and average grade of certified learners.

690 320 0.36 0.62

Total Leamers Certified Learners Average Grade of total Leamers Average Grade of certified Leamers

Fig. 5. Table with general course data.

o Demographic data of the learners in the course (see Fig.6) are shown. There are four
graphs with the distribution of learners by country, gender, age and academic level.

Demographic Data of the Leamers

Fig. 6. Graphs with learners’ demographic data.

o Data about the learners’ interactions in form of their calculated indicators daily (see
Fig. 7). It is possible to apply several aggregation operations to these values in the
graphs, such as, the average value or total value of the metrics. The left graph shows
the selected metrics and the right graph shows these values accumulated in time.
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Activity in the Course

Select measure,

Filter by event type

Dailly Indicators Dally Accumulated Indicators

Fig. 7. Graphs with the daily indicators of the learners.

o Data related with the most recent activity of the learners in a table (see Fig. 8) and
their grades per unit and in the total course are shown. In addition, it is possible to
access to the Learner Dashboard of each learner in the table.

More Data of the Leamers and access to their Learner Dashboards

10 results

Fig. 8. Table with most recent learners’ activity and Access to their Learner Dashboards.

2.6 Learning Intervention Monitoring Service

This service allows the monitoring of the learners' interest in the intervention strategy
on their learning. It shows the learners' interactions in the different graphs of their
Learner Dashboards. It is possible to monitor this issue individually (selecting only one
learner, see Fig. 10) or collectively (for all the learners, see Fig. 11). See next section
for more details.
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3 Case Study at WebApp MOOC

University Auténoma of Madrid offers from 2019 the Massive Open Online Course
(MOOC) entitled “Introduction to Development of Web Applications”, which is known
as "WebApp" (https://www.edx.org/course/introduccion-al-desarrollo-de-
aplicaciones-web-2). The first run of this course was from February 5th to March 26t
2019. Its second run is in self-paced mode, i.e. everyone can enrol it free from April
9m, 2019. Nowadays, the course is running, and the data presented in this article are
obtained in March 2020.

“WebApp” is a five-week course, which contents are structured in five units (one
unit per week work). With this course, the learners can learn to develop any Web
Application (Web App) based on HTML, CSS, Python, JSON, JavaScript and Ajax. In
each course unit, there are multimedia resources, discussion forums and course
evaluation activities in form of graded assignments.

We explain the monitoring of the intervention strategy applied to the learning of the
learners of the mentioned MOOC with the following case use diagram.

Leaming Intervention Strategy )

Receive email
with information to access the

Leamer Dashboard &
<<exend=> 4
s <<gxtend=>
e i

. isuzlize Leamer interactions’
Access to Le@er Dashboard with [eamer Dashboard Instructor
(provided by IVS")

(provided by LIMS®)

i Access to Instructor Dashboard

<<include=>

ii

Leamer <-:exllend=-:= <-<exl:end=-:=

Interact with the
visualisations (related to her'his
engagement)

<<include=>

Register Leamer interactions
3
(provided by LIES®)

Fig. 9. Case Use Diagram.

1 IVS: Intervention Visualisation Service
2 LIES: Learner Interest in their Engagement Subservice
3 LIMS: Learning Intervention Monitoring Service
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Firstly, the instructor can monitor the interest of any learner in their engagement in
the course, that is, their interactions with the Learner Dashboard (see Fig. 10). As we
can see, the selected learner visited several times their Dashboard in the last week. This
learner has a constant interest in their progress in the content course and in the graded
assignments.

Learning Intevention Monitoring Service

Daily Learner interest on their Engagement

Filter by Leamer: 1 ndicator Chart

22486882

Fig. 10. Graph with the daily interest of a learner on their engagement in the course (individually
view).

Secondly, the instructor can monitor the interest of all learner in their engagement
in the course, that is, all the learner interactions with the Learner Dashboards are shown
(see Fig. 11). As we can see, the maximum numbers of interactions with the dashboard
are in two dates separated for a period of one week. This fact is reasonable since the
MOOC learners receive weekly the information with the access to their Learner
Dashboards. It confirms learners are interested in this intervention strategy because they
use to access to their Dashboards at least weekly.

Learning Intevention Monitoring Service

Filter by avent type:
Daily Learner interest on their Engagement

Filter by Leamer.

Al

Fig. 11. Graph with the daily interest of all learners on their engagement in the course
(collectively view).
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4 Conclusions and future work

MOOCs learners are usually affected by feelings of insufficient feedback, lack of
interaction with the instructors and isolation feeling while learning, which could lead
to dropping out of the course. To mitigate these risk factors, we propose edX-LIMS as
a multi-tool Learning Analytics System that facilitates: i) an intervention strategy on
learners' learning by visualising their performance and activity in the course in a
Learner Dashboard; ii) a graphical monitoring in an Instructor Dashboard that
illustrates the interest in this service by the learners and, therefore, facilitates evaluating
the success or failure of the aforementioned strategy.

The main contribution of edX-LIMS in comparison with the previous developed
system (edX-LIS) is that it gathers about how much is the learner engaged in its course,
not only by their grades, but also for the monitoring of its interest on it. With the
monitoring of its activity in the Learner Dashboard, the course instructor can easily
identify which users are being responsive to the intervention strategy on their learning.

Since the system is independent of edX Platform, there is not a direct
synchronization with edX data; hence, it is required to obtain the course data (log
tracks) weekly in order to import them to the platform. This is a transmission chain
whose disruption could cause the monitoring process to be interrupted, as there would
be no new data available to provide feedback to users. This situation is happening now:
due to the circumstances caused by COVID-19, we have not been provided with new
course data (log tracks) since March, so the system information is currently outdated
until new information come to us.

The future development of edX-LIMS aims to increase the quality of its information
provided, because the current data information showed on the Learner Dashboard is the
result of the answers obtained from a satisfaction questionnaire on the edX-LIS users.
Nowadays, we are working in providing a new satisfaction questionnaire for the edX-
LIMS users to know how we can improve their experience with the Learner Dashboard
and, therefore, we could improve the Learning Intervention Monitoring Service.
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